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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 aqui~er 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 basins 
which 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. Fbr this reason, the 14 counties in the watershed 
of the artesian reservoir were considered as a unit in formulating a water 
supply plan for the area. 

The plan of improvement would provide for construction of Mantell 
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 
Mantell Reservoir for a downstream 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 water demands beyond this dat~ 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 
reservoir 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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U. S. ARMY ENGINEER DISTRICT, FORT WORTH 
CORFS OF ENGINEERS 
FORI' WORTH~ TEXAS 

AND 

THE EDWARDS UNDERGROOND WATER DISTRICT 
SAN ANTONIO, TEXAS 

December 22, 1964 

SUBJECT: Survey Report on the Edwards Underground Reservoir, 
Guadalupe, San Antonio, and Nueces Rivers and Tributaries, 
Texas 

THROUGH: . Division Engineer 
U. S. Army ·Engineer Division,, Southwestern 
Da.lla:s 1 Texas 

TO: Chief of Engineers 
Department of the Army 
Washingt~n1 Do C. 20315 

INTRODUCTION 

1. AUTHORITY.... This report has been prepared in response to 
the Congressional authorization contained in section 209 of Public 
Iaw 86-645, 86th .Congress, which was approved on July 14, 196o ~· 
Section 209 is quoted as follows: 

"The Chief of Engineers 1 under the direction of 
the Secretary ~ the A:rrrry.~ 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 Or 
accomplishing the re.charge and 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: Provided, · 
That the State of Texas or its agencies contribute 
t~ards 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 
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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, 196o, 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 local interest participation of 4o 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 aquifer 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 based 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 
communities, the largest of which is the city of San Antonio with an 
estimated 1962 population in excess of 100,000 people. In addition, 
discharges from this reservoir through springs provide a substantial 
amount of the base flow of the Guadalupe and San Marcos Rivers, 
which extends its area of influence southward to the Gulf of Mexico. 
The accelerated growth of cities, industries, military installations, 
and irrigation in the region in recent years 1 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 
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damaging floods 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 
analysis of technical data and studies reported upon in the following 
appendixes of this report: 

Appendix I - Project Formulation 
Appendix n - Hydrology and Hydraulic Des.ign 
Appendix III - Geology 
Appendix TV - Flood Control Economics 
Appendix V - Economic Base Study 
Appendix VI - Recreation and Fish and Wildlife 
Appendix VII - Comments of Other Agencies 

6. HISTORY OF mvESTIGATIONS.- 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 aquifer. 
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, 83d Congress • Based on recommendations 
at this report, Congress, by the Flood Control Act of 1954, 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 
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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 o 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" ~1as 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 Conunittee 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 v 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 
channelizat:f.on feasibility study of the San Antonio River. 

11. In addition to the above studies concerning the Guadalupe 
·and San Antonio River Basins the District Engineer9 under authority 

contained in the Flood Control Act of 1936, inves·:.igated 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 o 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 justified. However, 
based on developments in the watershed, further investigation will be 
required to determine the cu~nt feasibility of the desired improve­
ments. Authority to restudy the water problems in the area of Three 
Rivers is contained in Public Law 88aJ67, approved by Congress on 
July 9, 1964. 

12. In conjunction with its "Texas Basins Project 11 investigation, 
the Bureau of Reclamation is currently making a study of a number of 
reservoir sites in the GuadalupeJ San AntonioJ and Nueces River Basins. 
Among the reservoir sites being investigated are those proposed in the 
master plans of the Guadalupe-ID..anco River Authority and the Nueces 
River Conservation and Reclamation District. 
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13. The Soil Conservation Service has published vork plans on 
Martinez, Salado, and York Creek -watersheds vithin 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 Sabinal 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 II} 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 o 

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 I.e.ke, Cibolo, Ecleto, and 
Goliad Reservoirs in the San Antonio River Basin; and enlargement of 
Wesley Seale Reservoir (Corpus Christi) on the Nueces R1 ver. 

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 a plan of 
development of the water resources of the Guadalupe River Basin. The 
report also recognizes the importance at the Edwards Underground 
Reservoir and its contribution to the water resources of the Guadalupe 
River Basin o To supplement the authorized Canyon and Blieders Creek 
Reservoirs, the Authority proposes the construction of Dam No. 7, 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. 
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18 o 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 areao 

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 all 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 following features~ (a) recharge resezvoirs at the Concan site on 
the Frio River and at 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 Coma.l Sprlngs; (e) d1 version of water from. 
t:ne 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. 

21 o 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 .. 
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DESCRIPTION OF THE EDWARDS RESERVOIR AREA 

22. lOCATION.- The Edwards Underground Reservoir is a segment 
of an aquifer 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 boundary 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 Brackettville. 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 distinct physiographic 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 formations 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 a maximum thickness of 
some 2,300 feet.1/* The Edwards 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. 

24. EDWARDS PLATEAU. - The vast Edwards Plateau north of the 
Balcones escarpment is the recharge area of the Edwards limestone 
aquifer. It covers some 6,400 square miles. Throughout most of the 
plateau, the rough to rolling "hill country11 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~~ 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 platea.u 
area. The soils are thin and have a limestone base but are sufficient 
to provide for the growth of cedar, small oak, mesquite, and extensive 
ranges of grass and weeds. 

25. BALCONES FAULT ZONE.- The Balcones Fault zone, whj.ch 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 fault.s 
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.g/ The zone varies in width from 5 to 40 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 areaJ 
has further been described as being a line of southward or eastward 
facing bills, 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, "balcones. u1} Typical sections across this zone 
are shown in figure 4. 

26. GULF COASTAL PLAIN.- 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 garden11 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 plains 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 sedimentary, or soils washed down from 
the "bill 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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GARNER STATE PARK 

(NOTE EDWARDS LIMESTONE ABOVE DARK AREA) 
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FIGURE 2 
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FIGURE 3 

EDWARDS PLATEAU 
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land surf'ace which is about 20 feet to the mile. The Edwards lime­
stone, which 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 near the base of the Edwards and associated lime­
stones in the valleys that have been cut by the streams. These 
aprings 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 major 
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 artesian 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_~e sixty-five springs of first 
magnitude in the United States.J/ 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 
amount of the water supply to the areas in which they are located. 

PRINCIPAL SPRINGS OF THE EDWARDS RESERVOIR AREA 

Name ll>cation Springflow - 1000 acre-feet per year~ 

1935-56 Sept. 
Maximum Minimum Average 19642/ 

Leona Uvalde 29-3 0 9.0 0 

San Antonio 
& San Pedro San Antonio 81.9 0 30.9 0 

Comal New Braunfels 304.3 0 199-9 102.1 

Hue co New Braunfels 69.5 0 19.6 

San Marcos San Marcos 211.5 33-3 93.0 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, , 1 
some with a reported natural flow of about 30 million gallons per day .!t 
By the year 1953 there were more than 2000 wells in Bexar County 
tapping the Edwards aquifer. There are today about 4oOO wells drawing 
water from the reservoir in the five-county area which includes Uvalde, 
Medina, Bexar, Coma.l, and Hays Counties. 

33. The 1962 use from wells in the artesian reservoir was 
268,200 acre-feet (239.3 million gallon2

1
per day), of which 212,000 

acre-f'eet ( 189 mgd) was in Bexar Count~ (see f'igure 8) • Prior to 
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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 1954, and by k~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 aquifer, 
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 Antonio City Water Board's Market Street 
Plant, and its yield was about 151 000 gallons per minute when 
completed in 1954. Four other wells in the ~ea are reported to 
yield in excess of 6,000 gallons per minute.l! 
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. 35. STORAG~ IN_~ RESERVOm.- Studies pertaining to storage 
1n 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 th~ 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 RESERVOm 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 an<,'!. certain of their 
characteristics are listed iri 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 
strea:rils; In places they have cut deep canyons through the Glen Rose 
and into _the Travis Peak limestones, some as great as 200 to 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 fo~d 'fh~re 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 ~~a stand at approximately the ~e elevation as the 
streambed.l/ This indicates that the water table and the streambed 
are approximately on the same plane. 

(2) A major tributary of the Guadalupe River is the San 
Marcos River. Although this stream is not located in the recharge 
area of the Edwards 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 approximately 25,400~ 
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 BlancQ)liver has been estimated to occur at a rate 
of about 15 second-feet.1/ 

(3) The Comal River, only three miles in length, has its 
origin 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 Coma.l Springs. A short distance downstream from the Comal Springs 
area, another tributary, Dr,y Comal Creek, enters the Comal River from 
the sout)lwest. Dry Comal Creek contributed an average of about 
20,500I/ 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 San 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 Leon Creeks 
and the Medina 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. 



TABlE 1 
STREAMS OF THE EDWARDS RESERVOIR AREA 

GUADAWPE, SAN ANTONIO, AND NUECES RIVER BASINS 

:Estimated average : 
Above lower edge of :annual resources Estimated 

Stream 
-~E;;.;d:..;.;.wr~-'d..;..s....;o;;.,;u.;.;;t~c.;;.ro.;;..p~-:above lower edge :average annual 

Approx. : Drainage :of Edwards outcrop:recharge to thr,
1 

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 
leon Creek 
Medina River· 

Subtotal 

Verde Creek 
Hondo Creek 
Seco Creek 
Sabinal River 
Frio·River 
Dry Frio River 
Nuece s R1 ver 
West Nueces River 

Subtotal 

T<YrAL 

70 
155 

8 

61 
18) 
19) 
83 

27) 
32) 
21) 
38 
58 
45 
64 
76 

GUADAilJPE RIVER BASIN 

.~( 

.- ... ,c.,(J'. -J 
514 :-~c .. 99,500 

1, 510 1~ (: ~~0 246,000 
90 s l:,.,'=-

28z~O 
2,ll4 374, 0 

SAN ANTONIO RIVER BASIN 

258 lb.;, ' 70 
58,900 

270 I '1'1- ~' :·,o) 53,700 

630 403;:-cD 942300 
1,158 206,900 

NUECES RIVER BASIN 

71,300 

6,384 940,700 

37 

') •IP) 
.,_.c~ 

Cc--

4-' 7.. '5 
;_,"13 

z.P 

25,400 
0 

20z500 
45,900 

54,100 
49,000 

422 ~00 
145,00 

55,6oo 

21,000 
41,700 t: ~:10 

.23,6oO <, J. 

73,6oO 910\1--0o 
16,000 

231,500 

423,200 
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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 plain 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 145,8oO 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-f2qrth to one-third the long-term 
average discharge of Comal Springs.~ 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 about 750 feet of Cibolo Creek. However, 
the entrance is located in the Edwards limestone formation. Another 
large 1cave 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, 
which are discussed in a later section of this report. Mr. R. L. IDwry, 
Consulting Engineer, made an extensive study of the leakage from these 
projects and determined in 1955 that the average annual recharge to the 
underground reR~rvoir resulting from this leakage totals 46,900 acre­
feet per year.~ Extension of data through 1956, or through the 
critical drought pe~~od, reduced this average to approximately 42,700 
acre-feet per year .Y Figure 11 shows views of the Medina Lake and the 
spillway discharge channel from the reservoir. 

c. 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 Platef~ 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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(1) These streams have cut deep gorges through "the Ed;r~ard.s 
limestones and, for the most part, are bedded in the underlying more 
impervious Glen Rose limestone. In the escarpment area, the gorges 
occasionally lviden 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 bank:full 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 lest 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 ll miles along the Frio River and 
14 miles along the Dry Frio River • .!iJ 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.~ 
Similar recharge conditions occur along a 13-mile stretch of the Nueces 
River west of Uvalde and along a 3-mile stretch of the Sabinal River._2/ 

( 4) The West Nueces River is the only stream in the area 
which 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 bas aqy ~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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37. QUALITY AND CHEMICAL CHARACTER OF THE GROUND WATER. ·n The water 
in the Edwards limestone is of good quality, although moderately hard. 
Its principal mineral constituent is calcium bicarbonate, generally in 
concentration in excess of 200 parts per million.~ All ground water 
contains dissolved mineral solids 1 the amount depending largely on the 
type of formation throu.gh which the water passes, the length of time the 
water is in contact with the rock, the temperatut'e and pressure. The 
principal constituent of the Edwards limestone is calcium carbonate, a 
mineral that is highly soluble by the action of carbon dioxide (carbonic 
acid) in va.ter. Rainva.ter absorbs the carbon dioxide from the air and 
from decaying vegeta.ble matter in the soil. The presence of carbon 
dioxide gas in water increases the capacity of the water to dissolve the 
limestone and hold the 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.~ The dissolving of the limestone 
results in the honeycombed channels and caverns. The deposition of 
limestone in these caverns £orms stalactites, stalagmites, or secondary 
calcite in vein:s. 

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 450 tons or 200 cubic yards of solid rock 
per day, 1/ of which about 200 tons per day are removed through Comal 
Springs aione._gf This indicates that the underground reservoir is 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 million._]/ An increase occurs 
generally in the deeper portions of the reservoir toward the south and 
southeast. In the zone of poor quality along the southern extremity of 
the artesian aquifer called the "bad va.ter line," the water is charged 
with hydrogen sulfide, a chemical that has an offensive odor and is 
highly corrosive to metal. In 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 circula·tion of the underground water. However, this water is not 
entirely wasted since it is generaJ.ly acceptable for irrigation purposes. 
The hydrogen sulfide may also be removed from the water by prolonged 
aeration o;r filtration through charcoal. Further south along the downdip 
of the Edwards lim.estone the water becomes highly mineralized with the 
dissolved solid concentration as ·great as 5000 ppm. Chloride concentra .. q 

tion as great as 2000 ppm ..Jj has also been found in the down.d:f.p 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 reservoir. 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 74 degrees Fahrenheit 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 reservoir as deep 
as 300 to 500 feet below the ground surface. 

41. OTHER WATER-BEARING FO~IATIONS.- In addition to the Edwards 
and associated limestones, there are other water-bearing for.mations 
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 unifor.m in permeability and wells in this formation 
frequently yield from 1 to 2 million gallons per day.!( 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.1( Supplies from 
this for.mation, however, are only sufficient in most areas for domestic 
and stock supplies.2( This water is @enerally 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 wells dral-ling 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 good quality othe_rwise.l1( The Austin chalk formation 
yields moderate quantities of potable water in a few localities. This 
water generally has a moderately high concentration of sulfate.!!( 

42. 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 excessiv.e 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 o Surface 
water irrigation, for the most part, came to a standstill and irriga­
tion from ground water diminished considerably due to the lowering of 
water 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 
water levels in their wells reaching an all time low, some 70 feet 
below normal, as pW!Iping reached an all time high in order to mee·t 
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 summer of 1956 ~ all. 
major springs in the Balcones fault zone had ceased to flow with the 
exception of San Marcos Springs, which had decreased from a yearly 
average of about 165 second-feet to a minimum flow of 46 second-feet. 
Comal Springs at New Braunfels 1 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 oYer 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 lOO~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 a..11d 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 valle;ys ae the Edwards Plateau1 trLOse 
within the Balcones fault zone, and downstream of the fault zone in the 
Gulf Coastal Plain where the streambeds and valleys are cons:ldera·ol.y 
wider. 

44. In general, the flooding experienced along the Edwards Plateau 
is produced by intense storms with relatively limited areal coverageo 
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 Plateau. 
This storm had centers of rainfall of 35.6 inches at the State Fish 
Hatchery near Ingram in the upper Guadalupe River watershed; 33·5 inches 
at HUmble P'WIIp Station in the upper Sabinal River watersv~d; and 24 
inches at Rio Frio in the upper Frio River watershed. Runoff from this 
storm produced the maximum lmo'Wn peak discharges in the upper part of 
these three watersheds. Several additional intense sto.rms 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; tlle storm of May 31, 1935 which 
produced the maximum known peak di&charge of 230,000 second-feet on the 
Seco Creek about ll··:miles north of D'Hanis; 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-feet on the 
Nueces River near Uvalde; the storm of September 26-27, 1946· which 
produced the maximum known peak discharge ·on Calaveras Cre~k; the storm. 
of September 9-ll, 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-teet on the Nueces River at Laguna. 
Each of these periods -is discussed more fully in Appendix II, Hydrology 
aad· Hydraulic Design. 

45. Floode 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 invest~gati.ons 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 agencies, th:f.s most recent 
drought has made all concerned even more keenly aware of the urgent need 
to protect and preserve ~he most valued natural water resource of this 
vast area ·- the Edwards Underground Reservoir. 

46. CLIMAT.OWGICAL DATA.- The climate over the Edwards Underground 
area is generally mild with hot suminers 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 annual 
temperature is about 68 degrees Fahrenheit over the Edwards Reservoir 
area. Temperature extremes range from a maximum of 11.4 degreee to a 
minimum of Dlinus 7 degrees. January, the coldest month has an average 
daily niinimum temperature of 37.6 degrees; August, the warmest month, 
has an average daily maximum temperature of 96.3 degrees. The average 
length of the growing season between killing frosts is about 254 days. 

, · a. Precipitation.- The mean ann~ precipitation over the 
Ed-wards Underground area is approximately 27.8 inches, and varies from 
about 34 inches in the eastern part to about 22 inches in the western 
part. Extremes in annual precipitation range from a maxi.mum of 62.47 
inches reported in Boerne in · 1919 to a miru.rirum of 6 .·45 inches reported 
in Brackettville in 1893. The normal seasonal distribution of rainfall 
over the area is genera.lly favorable. tor agricultural purposes, with 
the two heaviest rainfall periods occurring during the periods April 
through June and September through October. Plate 3· ·shows the i sohyetal. 
map for the a:verage ~nnual precipi.tat.ion on the Edwards Plateau area, 
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based on published u. s. Weather Bureau normal values; and also contains 
graphs of the normal monthly distribution of the average annual precipita­
tion _at Hondo~ San 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 a 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 we~e 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 ·l 
Stream-gaging : area . . Length :Maximum:Minimum: Mean' . . 

s:tation :(s~.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 14.21 0.29 3·35 

Sabinal nr Sabinal 206 10/42-9/62 20 0 11.39 0.05 2.47 

Hondo nr Tarpley 101 9/52-9/62 10 1 16.66 0.06 4.24 

Seco nr Utopia 53 9/52-9/61 9 1 15.19 0.09 4.02 

Guadalupe nr Comfo~t 762 10/22-9/32 10 0 6.72 0.99 2.48 
' 

Guadalupe at Comfort 836 6/39-9/62 23 4 5.81 0.24 2.36 

Guadalupe nr Spring 
7/22-9/62 Branch 1~282 40 3 8.37 0.14 2.81 

' 

Blanco at Wimberley 
7/28-9/62 6 13.69 4.67 (3) 353 33 0.25 

(1) water year. 
(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 DE.VEWPMENT 

47. mTRODUCTION-o- This study is concerned primarily with water 
problems and demand.s a_ssociated with the water resources of the Edwards 
Underground Reservoir ·that can be solved by the construction of 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 rang~ 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 serv~. Figure 15 shows 
the compos! te of all areas considered and the three subareas into which 
it was divided for greater ease of analysis. The econo~ of the area 
in and immediately adjacent to the flood plain was used in planning for 
flood plain improvements. The econoJII1' of a 14-county area, including 
Bandera, Bexar, Blanco, Caldwell, Comal, Edwards, Guadalupe, ~s, 
Kendall, Kerr, Kinney, Medina, Real, and Uvalde Counties, was taken into 
account in planning for water supply. The econo~ C?f 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 area of the state of 
Texas. Appendix V, Economic Base Study, contains a detailed analys.is 
of current and historical economic conditions and projections of indus­
trial development, population, emp+oyment, and income for the base study 
area. 

48. The Edwards Underground Reservoir baa 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 
:f'ed 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 ch&.nnel dams were 
cons..tructed. 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 hign 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 ~thin the 14-county area which 
is almost totally dependent upon the Edwards Underground Reservoir for 
its municipal and industrial water supply. The comparative rates of 



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 
I 

United States 1.50 
Texas 2.10 
Base study area 1.73, 
14-county water supply area 2.71 

Eighty-one percent of ~he 1960 population 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, '\-1hich 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 14exican 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 14-county water supply area 
shows a 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 reduceq 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 
amounted to $1,473 for the study area and $1,573 for the water supply 
area. The per capita disposable income for the nation was $1,937. 
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55· MANUFAC'IDRING.- · Prior to 1940.1 manufacturing in T~as 
was dependent largely'on agr~cultur~and forestry for raw materials 
and furnished the farmer with the: tools ·of his livelihood. There was 
the beginning of a mineral-oriented industrial expansion but nothing 
like the upsurge that followed,the .advent o~ World War 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 industr,y, established the aircraft industry, and gave the 
state a tremendous boost in the chemical field. The state's income 
originating in. this in~~str,y is about 16 percent of the total, nearly 
double the 9 percent which was derived from manufacturing in 1940. 

57. 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 state, manufactures princi­
pa.lly 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 72 refineries of the state of Texas, with 
about 7 percent of the total refining capacity of the state. Ten 
percent of the value added by manufacture for the study ar~a is 
contributed by these refineries. The growth and industrialization 
of Corpus Christi has been accelerated by'the completion of the Gulf 
Intracoastal Wat~ 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 cionie-stic 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·~ea is 
located··in Nueces County processing .. waterborne aluminum, zinc, iron, 
copper, . and cadmium.· 



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 themanufacturing is found 
in subarea I. The value added by manufacture in 1958 for the three sub­
areas is as follows: 

Area 

I 

II 

III 

Total 

Value added in 19 58 
(millions of 1960 dollars) 

475·7 

ll.8 

9·5 

497·0 

63. For the water supply area, income from manufacturing 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 $74 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, c~, and glass products; 
apparel and related product~; 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 principa.l.ly 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 total 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. S. Census of Popu1ation: 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 suppl¥ 
States Texas area area 

Percent of manufacturing employment 

Furniture, lumber, and wood products 6.09 6.11 6.97 5.20 

Primary metal industries 6.99 4-99 7-26 1.44 

Fabricated metal industries 7-38 5-79 4.56 6-39 

Machinery except electrical 8-95 8.68 4.82 5.68 

Electrical machinery 8.49 4.08 1.40 1.75 

Motor vehicles and motor vehicle 
equipment 4.81 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 14.77 24-74 29-38 

Textile mill products 5-48 1.44 4.80 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 4.92 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 r, 
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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 $llb million, or 6o percent of the value 
added by manu;racture :for the water supply area, came :from industries which 
process agricultural products. Additional effort was expenqed 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 lllillion.for the water supply area. 
Sale of livestock and .livestock products represented 63 percent and 
77 percent of the respective amounts. 

67. TRANSPORTATION.- The hi story 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 mul.e train from the coast. By 1.850, 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 that 10 million head of cattle were 
driven fr.am Texas between 1.866 and 1.895 in 4,000 drives averaging 2, 500 
head. 

68. The advent of ·the interstate railroad in the 1870 1 s was the 
beginning of the end of the big trail drives and the start of the 
industr.ialization of ·Texas. 

69. In 1877 San .Antonio was reached by its first railroad, 
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. 

70. Texas 1 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 ~enters. 

71. 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 became· the 12th 
largest in the nation in terms o~ total tonnage, and the city of Corpus 
Christi has increased in population about 1,500 percent from 1Q,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; 
7 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 
iliiported for processing within the base study area. Foreign, as well 
as domestic, oil is processed at the six refineries near Corpus Christi. 

13· 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 77 
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 a very important role in the study area. The 
production of crude 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 24o,ooo KW steam-electric plant which 
fUrnishes power for aluminum reduction near Rockdale. Uvalde County 
supplied all the native asphalt produced in Texas in 1960. Nueces 
County rlas 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, 94 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 purii'ying and softening water. Eexar 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 Corpus Christi. 

74. 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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75. 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, na:tural gas,· ·an¢!. hydrocarbon liquids was 
$22.1 million,. about 48 percent of the total value· of minerals produced. 
All of the native asphalt produced in Texa~ i.s deriv~d 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 gravel ~e other miperals produced in the 
water supply area. · 

76. THE ROLE OF GOVERNMENT IN~ THE ECONOMY. - For the water 
supply.:area, as well:as .the study ~rea, the role of .Government is the 
most . important single· segmen,t of t1le economic structure. In i960, 
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 
maintained at various points within the study area. These include: 

a. San Antonio. -

(1) Fort Sam Houston, Headquarters of the Fourth u. S. 
Army; location of Brooke Army Medical Center; a field office of the 
u. S. Ar.my Map Service; Central Service Center; Ar.my and Air Force 
Exchange Service 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. Ar.my 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. 

:t. Corpus Christi. 

(1) Corpus Christi Naval Air Station. Partial.l..y 
deactivated. Numerous small military installations and reserve 
c~nents are located throughout the study area. 

77. In Bexar County alone about 81,000 persons are engaged in 
Government, 661 000 o:t whom are military or civilian employees attached 
to the military. This includes an undetermined number engaged in the 
space programs. 



WATER RESOURCE ,DEVELOPMENT 
., 

78. CORPS OF. ENGINEERS· PROJECTS.- At present, Canyon Reservoir 
is the only Corps of Engineers Reservoir· in qperation 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. Const~ctioQ. of 
the project began·in·April 1958 and deliberate impoundment began on 
June 16;.1964. Blieders Creek Rese~oir, a flood control only project 
to be located at river.~1e. 5.8 o~ 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 provid~ flood protection to the City of New 
Braunfels. , The Corps 9f Engineers . also has ·under construction a 
channel improvement proJect in the city of SanAntonio 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 be~- in November 1957 and, · 
when completed, will control-the runoff from approximately 114 sq~re 
miles of drainage area in and adjacent to the city of San Antonio. 
Pertinent data for the Canyon and ~lieders.Creek Reservoir proj~cts 
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 figure 16. · · 

79· SOIL CONSERVATION SERVICE PROGRAM.- The Soil. Conservation 
Service of the u .. s. Department of Agriculture has formulated ''Work 
Plans" for the Martinez, ·York, and Salado .Creeks watershe~ -within 
the Edwards Reservoir area. The plans provide for coQ.Struction of 
38 watershed protection a,nd floodwater ·retarding structure_s -to prov~de 
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 1 1964, the Soil Conservation Service had in 
operation 18 structures in· two of the watersheds in :the study area •. 
Of 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 LOCAL 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.. Th~ ·principal reservoir projects within the three 
basins are described belew. 



82. In 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 watershed to increase ground-water 
recharge and to provide flood protection. 

83. Local interests developments on the San Antonio R1 ver and 
tributaries consist ef 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 254,000 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 17. 

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 forn:ations 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 
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FIGURE 16 
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TABLE 3 

PERTINENT DATA - EXISTmG AND AUTHORIZED 
CORPS OF ENGINEERS RESERVOms 

RESERVOm 
Canyon Blieders Creek 

Stream Guadalupe Bliedero 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 8,300 400 

Conservation 366,4oo 
Flood Control 346,4oo 7,312 

Total Controlled Storage 
(acre-feet) 740,900 7,712 

Yield {acre-feet per year) 96,4oo 

Pertinent Elevations - ft. msl 
Tbp 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 :f't. 84 ft. 
Top width 20 ft. 20 ft. 
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TABLE 4 
PERTINENT DATA - EXISTING :OOCAL IMPROVEMENT (FI.OODWAY) 

PROJECTS BY. CORPS OF ENGINEERS 

:Drainage :River 
: Drainage area at head of :area at :mile :ImproVed 

Project Local Stream ~reJect ~ s~. mi. :lower limit:limits :channel. 
Agency :un~ :of project :of :length 

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

San Antonio San Antonio San 
Channel River Antonio 
Improvement Authority River 32.0 1.6 33.6 113.7 221.8 to 6o,6oo 

237·3 
San Pedro 

Creek o.o 1.0 1.0 44.5 o.o to 26,100 
4.9 

CD Apache w 
Creek o.o 17.6 17.6 22.6 0.0 to 18,115 

3.4 
Martinez 

Creek 0.0 2.6 2.6 7.1 0.0 to 23,830 
4.5 

Ala zan 
Creek o.o 3·9 3·9 17-7 0.0 to 22,770 

4.3 
East Fork 

Martinez 
Creek o.o 0.5 0.5 1.7 o.o to 8,300 

1.6 
North Fork 

Martinez 
Creek o.o 0.9 0.9 1.2 0.0 to 3,910 

--, 0.7 -



'J!ABLE 5 

SUMMARY OF PERTmENT DATA FOR EXISTING MID PROPOSED 
SOIL CONSERVATION SERVICE RESERVOIRS 

. Number . Total Proposed Structures (2) . . 
of : Drainage : 

:structures: area :Sediment: Detention 
:completed :controlled: storage: storage 

Watershed (1) Number (sq.mi.) :(aco:rt.): (acoft.) 

Martinez Creek 5 6 29 2,478 6,511 

Salado Creek 0 16 ll8 5,263 42,005 

York Creek 13 16 71 4,950 15,251 

(1) Completed as of July 1, 1964. 

(2) Includes completed structures. 
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Project: OWnership 

Medina Bexar-
Lake Medina-

Atascosa 
Counties 
w.I.D. 
No. 1 

Medina Bexar-
Lake Medina-
Diversion Atascosa 
Reservoir Counties 

w.I.D. 
No·. 1 

Olmos City of' 
Dam San 

Antonio 

TABLE 6 

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

: Contribu-: Elevation 
ting at maximum 

Location :drainage Total controlled Year 
River : area :storage : storage con-

Stream: mile :(sq.mi.) : ( ac.f't.): (f't. mal) structed 

Medina 70.4 633 254,000 1064.5 1913 
River 

Medina 66.4 5,750 919.0 1913 
River 

Olmos 0.8 32 15,500 728.0 1926 
Creek 

(1) Olmos Dam constructed f'or flood control only. 

Dependable 
yield 
(cf's) 

0 

0 

(1) 
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FIGURE 17 
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RECREATION LAKE 
SABINAL RIVER 

SMALL RECHARGE PROJECTS 

TRASH RACKS OVER DRILLED WELLS 
DRY FRIO RIVER 

TRASH RACK OVER 20 - FOOT NATURAL 
RECHARGE OPENING 

INDIAN CREEK 
FIGURE 18 

PROJECTS CONSTRUCTED BY LOCAL INTEREST 
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. . · WATER PRO~LEMS . ~ 

85. INTRODUCTION.- Water problems are known to exist in many 
parts of the Guadalupe, San Antonio and Nueces River sins. , However, 
only those portions of the three river.basins that wold be affected 
by projects constructe'd 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 storase and facilities for fish and wildlife and seneral recreation 
purposes. 

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

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 li~tle 
or no water or small amounts of poor quality, and still others are 
water-bearing in some localities but not in others •. · In the artesian 
reservoir area ground water is found in the cracks and solution 
channels along the belt of faulting. The size of these channels is 
extremely vari~ble, even in the same senerai 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 :fauiting.generally yield 
larse amounts of water. Yield from other wells can :frequently be 
improved by treatment ·with acid, which enlarges minute openings 
connected to iarge solution channels in the vicinity of the well. Along 
the southern limits of the Balcones fault zone wells yield variable 
quantities of hydrogen sulfide water with a high dissolved solid content. 
Also, many of the wells in. this zone of poor quality water.are 
practically dry~ 

b. Structural problems.- Structural :features of the 
geology of the region 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 
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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 bard and brittle making 
it particularly susceptible to fracturing, shattering, and jointing, 
which is associated w1. th 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 
water table in the area of a proposed surface reservoir slopes toward 
the stream from the surrounding hills, the chances are rather favorable 
that a reservoir constructed in this limestone would be relatively 
tight and would not have appreciable leakage. 

(2) Fbr construction of flood control or recharge 
structures designed primarily to stop high floodflows and release them 
at a slower rate, which 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 joint 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. 

c. 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 



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 sur1'ace .water 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.!2( The many openings and solution 
channels in the Edwards limestone which-carry recharge water from the 
streams to the underground reservoir are adequate to absorb 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 leakage 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 pUJUping 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· maximwn recorded recharge. to the Edwards 
Reservoir occurred in.l958, the second successive year of abundant 
rainfall following the end of the drought which extended from 1947 
through 1956. The annual recharge for this year 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, incl~ding springflow, 
from the Edwards aquifer· should.not exceed .between·385,000 and 
4oo,ooo acre-feet.per year in order that.the re~ervoir, which is 

95 



partially depleted in drought years, could be fully replenished by 
subsequent rainfall and recharge. Figure 19 shows the effects of 
constant punrpage on water levels in the Edwards Underground Reservoir 
under existing conditions of recharge •. 

(2) W. F. Guyton, Consulting Ground-Water Hydrologist, 
in a report to the San .Antonio City Water Board in ·1959 1gJ listed 
the results which it is generally believed can be expected if the 
reservoir is subjected to the sustained increase in ptiJripage. The 
expected results are the following: 

"a. Water levels in wells will drop steadily and 
rapidly. ·· 

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

c • Comal Springs will soon dry up again. 

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

e. Except for relatively minor variations due to 
wet cycles, the reservoir will be on a 
depletion schedule after about 1964, when it 
is estimated that the needs will start exceeding 
the available supply and the reservoir will be 
headed toward drying up. 

f . 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. 11 

e. Problems in guali ty of water.- In 1954 .JJ the 
Geological Survey reported that sewage and other wastes have been 
allowed to enter the Austin chalk and alluvial deposits which form 
the land surface in the San Antonio metropolitan area. Since these 
formations 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 quantities of water charged with 
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b;ydrogen sulfide that have not been cased or capped and have been 
aLlowed to fL:reely :i.nto streams below the Balcones escarpment. 

( 2) One of the greatest problems concerning pollution of 
the aquifer involves the ever-present danger of encroacnment of the 
highly charged hydrogen sulfide water from the "bad.-water zone~' into the 
i.nq>oi·tan.t veli ±'iel.ds in the San Antonio area. This problem is believed 
to be closely related to large pressure differentials 'that may be 
produced 't>y prolonged heavy withdrawals from the reservoir. In 1956, 
when ·water in the aq:u.ifer was at its lo-west recorded level., it was 
observed that SC'.Illle wells along the line of poor quality water bec8JJle 
more saline. After "the d.rourt, the quality of the water in these 
wells returned to no:rmal • .!.J No changes in quality;~ however, were 
noted in the water from wells in the "good-water" area during this 
period.'JJ!/ 

87. FUTURE WATER REQUIREMENTS.- There are now 17 cities and 
communities which are dependent upon the Edwards Undergrouud Reservoir 
as the source of tbei.r municipal water supplies. Among them are Uvalde, 
Sabinal, Hondo3 San. Antonio, l'Jew Braunfels, San Marcos, and ~1e. San 
Antonio, the state:s third largest city, overlies a portion of the 
Edwards Underground Reserl'oir, and is the largest city in the United 
States which obtains its entire water supply from underground sou:rces. 
The Geological Survey determined that in 1962 the six cotlll.ties whi.ch 
overlie the artesian reservoir, Kinney, Uvalde, Medina,, .BE:xar;~ Comal, 
and Hays pumped appi·oximately 268,200 acre-feet (239·3 million gallons 
per day) from the underground reservoir. The spring discha.rge from the 
aquifer for that one year totaled 321,300 acrep·feet (286.6 mgd),.'l making 
a total discharge of 589,500 acre-feet (see :figure 8)& This quantity 
exceeded the avera~ annual recharge for the entire period of record by 
about 90:000 acre~·feet. More recent information relathrs t.o Withdrawals 
al.so indicate.s tr.&at the reservoir has continued on a depletion schedule 
since 1962 with the additional yield being taken from storage in the 
a.q,uifer. 

88. Dems...11ds on the Edwards Reservoir for -w-a.te:r supply have shown 
a rapid increase in recent years. Projections cf future ~~ter demands 
for the area; developed by the Public Health Serv1ce and gra.phically 
illustrated in figuxes 20 and 21, indicate that the 202.5 need.s for ·i:;he 
14 counties comprising the Edwards Reservoir area wiLl be fmn· times as 
great as the 1962 use and will be five times as great by the year 2075, 
with 84 percent of the increase expected to occur in the San Antonio 
area.. The report of the Public Health Service is pre:sented as an 
attachment to appendix I. 

89. There are a.t present only two major surface reserv-oirs in 
the Edwards area. Ho·wever 1 Medina Reservoir, construe ted and. operated 
for :l.rrigation purposes :1 'becomes virtually ineffect:l.ve during 
periods of mod.era.te to seyere drought because of leakage :f:r:•om 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 now 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. ~:t, 

therefore, appears that in the absence of other sources of water. 
supply increased pwnping 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 f".:.rther 
expected increase in water demand occasioned by improved living 
standards, increased popul~tion, irrigation of addi tiona! 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 is 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 mili.tary 
installations, as previously described. Fbr basic flying, the climate 
of the area is particularly ideal. The municipal and industrial 
water use in the San Antonio area in 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 20251 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 
3,000 acres from the San Antonio and San Pedro springs in that vi.cin­
ity.-gj However, the history of irrigation :from wells drilled into 
the Edwards aquifer did not begin until almost two centuries later. 
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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.~ 

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 County2/ and 1934 in Medina County.~ 

! 

94. 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 vesetables 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 1947.!!/ _, 

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~ from the storage capacity of 254,000 acre-feet in 
Medina Reservoir. However, because of the larse seepase losses from 
the reservoir and conveyance channel, the district has been able to 
furnish enough water to irrigate only a 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. 

91· 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, it is anticipated that water demands for irrigation in the area 
will 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 g55,000 acres of land suitable for irrigation from ground watergl 
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 wa-t._er-use fact~~-o:f_,!i!.}lout 1 

three acre-_feet per ac~:_:irri~W.-~ could be consfd.eredapplicable. v'Z'i h ."1~-, 
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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 ayerage~annuaJ. .resources _available above the 
l~:r __ edga of~tbe_~q.waz:ds QU:tC?~~P ~e about ~J.Oq -acre-:fee::f_per ·year, 
which would be wholly inadequate to meet this demand in additiOil'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 tor 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 is a prime 
problem. Even with the best available 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 tram the 

' city to eliminate this health hazard will approach 250 million gallons 
per day by the year 2025 and 4o6 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 flood 
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 Bandies 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 Reclamation. 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 predominantly agricultural with some damages 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 ~~in the next 50 years 
without additional flood control improvements.~ 

(.2) Estimates were made of the annual flood damages 
along a reach of the Guadalupe River within the Edwards Reservoir area 
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. Nueces River Basin.- Heavy rainfalls experienced over 
the portion of the Edwards Plateau area in the Nueces River Basin have 
produced floods with extremely high peak 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 arid 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 damages 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 area 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 communi ties of Crystal City, 
Carrizo Springs, and Cotulla. In this area ground-water irrigation, 
fertile lands, mild climate, and infrequent killing ~rosts combine to 
make winter gardening a successful and profitable industry. Spinach, 
:Bermuda onions, tomatoes, beans, lettuce, and strawberries are the chief 
crops; citrus fruits are also produ~ed 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 experienced 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 ~he use and enjoyment ' 
of our wate;r resources. Regardless of the measure use,d (the number of 
visitors to Federal and State recreation areas, number of fisbdng 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 world 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 ~d, if 
properly developed, cotild 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 incr~ase~. 
The war.m climate is ideal for all types of water-oriented recreat~on. 
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102. FISH AND WILDLIFE.- The hill country of the Edwards Platea.u 
abounds in spring-fed perennial streams and timbered lands. The streams 
usua.l1y are clear and provide producti,re flsh habitat. The principal 
fish species are largemouth bass, catfish, and sunfish. Wildlife 
resources are diverse and large popul.a.t:i.ons of ~mite-tailed deerJ w:i.ld 
'turkeys, mourning doves, and fox squirrels exist in the area. Private 
groups and conservation agencies have succeeded in establ1shi.ng exo'tic 
ani.ma.l species such as European boar, black buck antelope, axis deer, 
a.nd aoudad and mouflon sheep. Fish and wildlife are living natural 
resources and, like other living thi.ngs, t.hey are initially associet;ed 
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 
vJ.tally important to our economy and way of ·living. The recreational 
value of fish and wildlife is of profound significance to the well .. ·belng 
of people, possibly even more so than the food value of this resource. 
In our way of life, we no longer have to hun't and fish for food., but 
the pleasure and sport of bunting 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 area. 
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1(2 SPECIAL INVESTIGATIONS 

103. INTRODUCTION.- During the course of the study of the Edwards 
Underground Reservoir special geologic and hydrologic investigations 
were conducted to study the geology of the Edwards l~estone aquifer 
and the water movement in the underground reservoir. The geology 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 bori~g and those 
at the investigated dam sites, core borings were made at the existing 
Medina Dam to investigate the possibility of reducing or elimi.nating 
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 various geologi.c and hydro­
logic studies are described in the following paragraphs. 

lo6. 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 quantities 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; 11 (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 
diameter 

1011 (1) 

6" (2) 
3" (3) 

Depth from 
ground surface 

0.0 to 29.0 
29.0 to 92.0 
92.0 to 127.0 

127.0 to 175.0 
175.0 to 229.0 
229.0 to 243.8 
243.8 to 711.5 .,. 
711-5 ! to 777-5 

Material or formation 

Sand and gravel 
Austin chalk 
Eagle Ford shale 
Buda limestone 
Grayson shale 
Georgetown limestone 
Edwards limestone 
Glen Rose limestone 

*Defined with the assistance of representatives of Shell Oil Company. 
(1) With 8-inch casing. 
(2) 6-inch boring began at depth 238.8. 
(3) 3-inch boring began at depth 321.5. 

108. Drilllng 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 
Edwards fonnation 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 solu~ioned and broken zone occurs between the depths of 
486 feet and 598 feet. Several cavities were found in thi.s zone 
measuring up to about two feet in diameter. 

d. The Edwards limestone is 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. 

118 R 4-1-65 



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 Peak limestone and Edwards 
limestone. The Glen Rose limestone is present in the river valley and 
in the canyon 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 springflows in 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. 

llO. Explorations in the dam and spillWSiY areas consisted of 
geologic mapping and drilling. Eight borings were made in this area. 
Electric logs were obtained and water pressure tests were made at each 
boring. Dre injection tests were made 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 joints 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 
a 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. D,ye was introduced in one boring below a depth 
of 8o 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 bad a discharge of from 50 to 75 gaLlons per 
minute. D,ye introduced in another boring in the left abutment appeared 
in a spring about 700 feet south of the bo:r:-ing after pumping about 733 
cubic feet of water in the boring below a depth of 55 feet over a 
2-1/2·-bour period. This spring bad 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, 2-3/4 
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 
the cylinder and inside the window is a conical mirror which directs 
a~ 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 3/4-inch intervals as the camera is raised in the hole. In the 
center of each picture is an image of a compass and a drift indicator. 
The camera uses 8-mm color movie film which is exposed one frame at. e. 
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 11doughnut." The photographs should be 
viewled as if 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 

PHOTO POINTS TO THE NORTH (MAGNETIC). 
LIMB TO RIGHT OF ARROW DENOTES EAST 

SIDE. NOTE THE LARGE OPEN FRACTURE 

ALONG EAST SIDE OF HOLE. 

DEPTH 380.0. BROKEN AND FRACTURED 

LIMESTONE WITH NO ORIENTATION. 

ANOTHER OPEN FRACTURE ALONG 
EAST SIDE OF HOLE. ROCK BORDERING 

FRACTURES AND JOINTS SHOWS 
EFFECTS OF WEATHERING. 

DEPTH 332 .4. PRINCIPAL JOINT IS 

STRIKING NE AND DIPPING ABOUT 45° 
SE. NOTE THE TWO PIECES OF ROCK 

IN FRACTURE . 

DEPTH 460.3. ROCK IS HIGHLY 

SOLUTIONED; NOTE OXIDE STAINS 

AND SOLUTION CAVITIES. 

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 deter.mine the feasibility of an extensive 
grouting program. 

114. 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 perfor.med on explora­
tion borings at most of the dam sites investigated. In addition, through 
the cooperative assistance of the Geological Survey and a number of 
private drilling companies, electric logs were obtained on a number of 
new and old wells throughout the area. All of the infor.mation 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 methodo " This method involves the laboratory analysis of 
natural water molecules. As conunonly known, molecules of water consist 
of atoms of hydrogen and oxygen. Atoms of an element such as hydrogen 
appear in two or more for.ms 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 a 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 hwnan 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 chemical~ 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 
i-later. vTith 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 is 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 "Vlater samples) as suggested by 
Isotopes, Inc., West"Vlood, New Jersey. A written agreement was 
consummated 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 '\-later movement. Analyses of preliminary samples were limited to 
natural levels of tritium con~ent 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 
Edwards 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 controlj 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 
Reservoir and Diversion Reservoir on the Medina River for irrigation; 
an~ 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 projects. 

120. OBJECTIVES.- The ;e,!an of improvement was formulated with a 
view to the following objectives: to provide flood protectio~, ~here 
economically feasible, to portions of tfie 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; "t!Q_p?;_ovi(l.~ .. ~-~ff~G.ii.v:e_means of increaoing t~~ of the 
Edwards Underground Reservoir; to provide ~dditional water conserva­
tion storase to meet the projected~ure w~ supply requirements 
~velop to the extent feasible the resources of the Edwards area; 
and to provide for the_ ~ve~me~t~f the fish-wildlife and· general 
recreatl~~-PQ~~~ii~l~ in proposed reservoirs. 

121. PLANNING CONSIDERATIONS.- Plan formulation studies require 
that the elements of any plan meet the following conditions: (a)rthat 
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) t_!lat the_pr-Op.Q~...esl.,.J?lm!...P~ 

flexibl,e, in that ~ t may be com>t_~~e-~ i~_~s~e~s _ o:. -~-~~~ 
needs may require. 

·~~---

122. RECHARGE INVESTIGATIONS.- During the period 1935 to 1956 
the average annual recharse to the Edwards Underground Reservoir was 
423,200 acre-feet. For this same period the average annual discharse 
from the aquifer was 523,700 acre-feet, with 352,4oO acre-feet per 
year being discharged through major springs along the Balcones fault 
zone. Pumping during this same period 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 o,f the Comal Springs fault. 
The springs extend for about 500 yards along the escarpment in a 
highly developed a1;ea. Because of the intense f'aul ting in the area 
there could be no ~_ssurance that construction of a ring dike along 
tHe en~ire length 9f_the -Comai-sprlngs fault-where thesprln~_jimit 
would p~~Ilt .. tllE:! a~t~s~:Lanpressur_e from increasing and causing 
spnngs to _Q;:.~!!Jt _ out in .a number of other 1 ocat1 ans. Studies were 
also 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 infor-mation developed from the exploration boring 
in this area, as previously described, the top 432 feet of the 482 feet 
of Edwards 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 700 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 contained 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 
water for recharge, therefore, must come from the floodflows which 
cannot be absorbed into the underground reservoir as they flow past 
the loss zone. Fbllowing major storms the runoff is frequently 
greater than the infiltration capacity along the streams and large 
volumes of water escape beyond the lower e~ 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 ijue<?~.L. 
IU.ver Basin in excess of 600,000 second-feet. Along the streams 
in this basin, which contribute approximately 64 percent of their -----------
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flow to the natural reCharge of the underground reservoir, 9.'bout 
lGB.oo~~-;;fe-erper,;mar of water resources pass th~lower edge of 
t~Edward~ __ oqt~.P· 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. M~na 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 resei'Vo1:r and its irrigation facili.ties. In the 
ouaaalupe River Basin only one stream, Dry Comal Creek, is a major 
contributor to the Edwards aquifer. It loses 71 percent of' its f'low 
and has an annual average of' only 8,40o acre-f'eet of its resources 
passing the outcrop. A small quantity of recharge is realized f'rom 
the Blanco River, about 10,900 acre-f'eet per year, with an additional 

'. 

14,500 acre-f'eet per year being contributed by adjacent areas" An ' ~ 

average of about 74,100 acre-feet per year of water passes the lower f.,..tC-t'-·~ 1 ,,~ 
edge of the outcrop along this stream and adjacent areas. ~ h~ ~~~I· 

~upe._River, itse~ is a non-contributC?r to the undersrounQ. ,J}j)J $/r.;,_:: 
reservoir. Prior to construction of' Canyon Reservoir an average of' 1...-;,. b~' 

246,000 acre-f'eet per year of' water crossed Edwards outcrop on this rj~J 
stream with no measurable loss. Table 1 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 f'or the period 1935-1956. 

123. From extensive stud!es and inYefltigatjons made over the 
past 65~earp by a number of Federal, state, and local governmental 
agencies, consulting engineers, and ground water hyatologists, and 
rrom studies and investigations made by the corps in qonnect.ion wj_th 
this report~ it=aas been co~~!Uded that the most practical and 
ef'fective means of increas~ng the reChargecnr~~wards Underground 
Reservoir ould-be-·toprovide surfa:cest""orage;~vhe-rei'~inand 
ups ream from the Balcones escaryment ~~.-Jme::a.£eg __ Q,f_~li~ .. ::_. 
aqUifer.._ The surface-water reservoirs would impound floodflows from ···- . the watershed areas above the dams~tes and would provide regulation 
of the recharge to the underground reservoir. The water 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 recharge channels downstream 
from the dams. In this manner the projects would enable an increased 
volume of water to be utilized for recharge of the underground 
reservoir over the life of the projects. 
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l24. SPECIF.ICi STUDIES.... Preliminary field and of'f'ice topographic, 
geologic, and hydrologic studies were made to locate potentially favor­
able dam and reservoir sites. Preliminary feasibility stud.:i.es were 
made on each of the damsites from which selections were made for more 
det&i~~investigation and to determine cost and benefit data for eaah 
project and project purpose. Economic and water resource~ recreation, 
snd fish and wil.dli:f'e st,udies were made to determine conser.vation 
requirements for'the fUture. Flood control investigations were made 
in areas kno<.m to b.a:ve a serious flood problem. In a.ddi tion, prelim­
i~-y studies were made to determine if provision of hydroelectric 
power facilities at Fede~al expense could be justified at any 
reservoir project under consideration in the drainage area of the 
Ed1-ra.rds Undergrou.Ud Reservoir. A SUIIIJII8l'Y' description and a.na.lysis 
of the more detailed investigations in the Nueces, San Antonio, and 
Guadalupe P.iver Basins 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 
made to measure recent economic growtr, and to estimate future growth 
in the Edwards Reservoir area. Projections_ of industrial develo~­
ment, population, ~loyment, and income have been made to assist in 
measurement of the probable increase in water resource requirements 
and the deveJ.opment l-ti thin the flood plains. A summa.ry of these 
investigations has been previous]~ described. A detailed analysis is 
conta,ined in A.Ppend.:Lx V, Eco11omic 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 Edwards area. The studies :i?J.cl,J.d.ed. 
an analysis of the flood problems, delineation of areas subject to 
flooding, and evaluation of the average annual damages and benef'i ts 
that would accrue tram provision of' flood-control improveme-nts in the 
Edwards Rese.rvoir area. Details of the floOd-control studies are 
described in Appendix IV, Flood Control Economics. 

c. Geologic investigations.- Geologic conditions at 10 
dam sites were illvestigated for the construction of recharge reservoirs 
·in the N?teces and San Antonio River Basins. The sites chosen for 
investigation were located on the Nueces, Dry Frio, Frio, and Sabinal 
Rivers,. and on Seco, Hondo, and m.bolo Creeks. Additional investiga­
tions were also made at the e>.x:tsting Medina Dam. Six .of the sites 
were ·.located in the Edwards Pl.ateau upstream from the hea,.'Y seepage 
loss areas associated with the l3a.lcones fault zone. These investi­
gated dam sites ~e situa.ted in areas where the streams have cut 
through the -Edwards a.nd Comanche Peak limestones into the und.erlyi.ng 
Glen Rose limestone .• vhich formation has general.ly provan ca~ble of 
con.taining water. Core drilling, pressure testing, and other geologic 
investigations were .made at 5 of the 6 sites to determine foundation 



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. Fo~ of tbe ten m._charge project sites are 
located in or adjac~e_nt to the Balcones fsnlt-zone-and-.-we-re-invest±ga;ted u--=-as.--n-cfry-pool reservoirs, or reservoil'SJlhich ~wQuld_np_t~c~ontain _ perma-
ne~ storage. 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 
water 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 III. 

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 reservoirs on the streams of the Edwards 
Plateau. To determine the best method of re~ating the surface 
~enoirs_~~oithe aquifer three basic plan_s of operation 
were investigated. ·Two of the methods involved holdin~e..J{,.ater in 
s~f~_9...e conservation P9o!§- and tne"t11i'rd methocL:provided for the 
release ot-alL.atar.aga..at rech~ ratei"'followiM~~ runQtf' 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 
125-12_~. 

( 1) ~dable yield and evaporation studi,j!S were 
made for reservoirs locatea upstream from the Balcones fault zone, 
which were considered capable of csm1~~ning permanent_~onserv.ation 
J200ls. For all the projects investigated, flood-control studies were 

,._. made--to determine the storage requirements to control the floods 
\. 
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of record on the individual streams. The investigations also included 
e-tudies of sediment requirements and structural requirements for the 
ap:i.llway, outlet works, and embanlanent. 

(2) In order to determine the dependable yield of the 
underground reservoir and to evaluate the effect of the recha=ge 
structures on the yield of the aqui.fer, 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 wj.th 
"arious levels of drawdown, routings through reservoir storage were 
made assuming several constant pumping rates. However, because of the 
risk o~y'tiQ:Q_ of _ _t.b_e Edwards Reservoir by orawing it down below 
tlre-nlStorical low, a minimum control elevation of 612 feet msl of t.be 
'WS.t.e surface of the und~~~o~d ;r~_s5tzyoJ;r at san Aiit.O.ni::O_ was used in 
the-eVB.luatio.n_..oLall . ..recharge plans. The routings were made for a 
m.tfiioerof-cc;mbinations of surface reservoirs regulated under the three 
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 tlle 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 
ru.ver and Tom Nunn Hill and Cotulla Reservoirs on the Nueces River. The 
effects of the investigated reservoirs on yields of existing and proposed 
domstream reservoirs are discussed in paragraph 167. A summary analysis 
of. other hydrologic investigations is contained in subsequent paragraphs 
an.d sections of the report and a detailed analysis is presented in 
Appendix II.9 Hydrology and Hydraulic Design. 

f

. 125. PLANS OF OP~ION FOR RECHARGE RESERVOIRS.- For operation 
studies on investigated re_charge reservoirs, four project sites were 
u~ed and these sites were located upstream of the Edwards outcrop in 

\areas considered to be relatively wate:rtight. The reservoir projects 
were~ on the Nueces River, Concan on the Frio River, Sabinal 

l No. 2 on the Sabinal. R1 ver, · and ~ on Hondo Creek. 
/ 

/i) 126. Three basic methods of operation of the four reservoirs were 
l)V iLvestigated. Under one method of operation, the water would be 

; re:tained in the ~~_ce __ _r._~~errQ!rs during periods When the water level 
in 'tb~ aquifer was hiil) and when ra!nfai! and runofrfrom 
the uncon~rolled 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 

1 recharge is small, the water would be released from the surface reser­
voirs to enter the aquifer to provide a dependable volume of water-
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during the remaining years of the drought period to maintain, as a 
minimum, the water J.evel. in the .. underground 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 J.osses, these four reservoirs would increase the average 
~a] ~echBrg ~rom these streams by about 72,000 acre-fe~t per year. 
However, b oundi this J.arge quantity of water in surface reser- . 
voirs in thi emiarid regie~ ing no re e~ses from the reservoirs ,.. 0 o o A~ 
~"!!_.f),go rele~~-I:ech~g~ only __ durin&. -~he ~!"J .. tiE_¥ dro~t 7v ~~ Ar' 
~a e 6 000 q~-fe_!t. ~'! wa~r resourc~ w~O:__}>~ lost by /(, ootf,.,,... 
evap.!?l:~tio =~~~h y~ar. The operat"ion of the fOiir "Projec:Cs under this tf.:t 1~ 
Pian wo result in a ~~~~ge to the aqui:f'er of 9,000 acre-feet ~ 
per year In addition, water levels in the unaergroUnd reservo~r 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 J.owered 
water J.evel.s in the aquifer, springfl.ow would be substantial.J.y reduced 
throughout the entire period of operation without a signi:f'icant increase 
in the quantity of water that could be pumped from the aquifer. For 
these reasons this method of operJltion was eliminated from further con-
sideration. · ~---~--------

127. Under the second method of operation..L a constant release~ 
would be made of the dependable yieJ.d of the surface reservoirs for~ 
continuous recharge of the underground reservoir. By operation of the 
reservoirs in this manner the !:Vapara tion loss would be reduced to 
about 24,000 ac:r;e•f_~~t __ ~er ~8:!' and the -~et recharge from the four 
reservoirs would average :)..t},ooo acre-feet per year. The construction 
of Bond.aJie~ and operating "Tt ~in---this manner would actually 
;reduce the existing recharg_~ from this stream by-2.a.!l.Q<La.cz:e~ 
year. 

128. The_ high _eya.tto.r!:i_:!-.QE_ra;~ in this region prevents the {i) 11 
efficient and effective r~qh~e of the Edwards Underground Reservoir 
by storage of fl.o~d~ters in_per~ent conservation pools. Because 
of the high and urgent demands for water in the Edwards area and the 1 ; 
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 enabl.e the development of maximum 
water resources at the dam sites with a minimum J.oss 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. 

J.29. SUMMARY OF PLAN FORMULATION s:ruDIES.- 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 aquifer. The principal. areas in the watershed of the 
Edwards Underground Reservoir where additional water resources could 

~ ·be developed J.ie within the Guadalupe River Basin and the western 
' portion of the Nueces River Basin. 
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a. In the Guadalupe River Basin it was found that constru.c­
t.ion of projects would ha,re little or no effect on the underground reser­
voir. However, projects :for purposes ot.her than recharge were stud.ied 
and it was found that Dam No. 7 Reservoir on the Guadalupe River for 
~ater conservation and Cloptin Crossing Reservoir on the Blanco River 
for flood control, water conservation, fish and wildlife, and general 
recreation could be economically justified. Cloptin Crossing and Dam 
No. 7 Reservoirs were studied because the,y represent a 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 flood 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
cal~ 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 flood damages in this area, 
no additional water resource development could be justified in this 
basin at this time. 

c. On major streams of the Nueces River Basin three reser-

)1 

voirs to contain joint-storage for flood control and recharge were 
found to be economically justified. , These ~e are the ~ntell 
Reservoir on the Nueces River, Concan Reservoir on the Frio River, and 

~ 

i Sabinal Reservoir on the Sabinal River. 
k 

130. As can be seen on table 7 and discussed in paragraph 122; 
Recharge Investigations, the recharge from the streams is ver,y 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. ~ter a p~;riod_of_ opez:atJ.cn of 
the reservoirs a determination can then be made of their effect on 
the runoff from the uncontrolled areas and s~--!:.~ati~~L~lJie 
structures may become economically feasible at that time. 
~- .. - -- -- -----~- ------ ------ ____ , __ .. ·-- --------~---

131. A description of the proposed projects is contained in the 
following section of this report. The methods and procedures used 
j,n selection ot the projects and in determining the project purposes 
and allocated storages are :fully described in Appendix I, Project 
F'ormulation and Appendix II, Hydrology and Hydraulic Design. 
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PLAN OF IMPROVEMENT 

132. PROPOSED PLAN.- 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 Basb.1.s, the following plan of improvement is proposed: 

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

(1) Mantell 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 embanlonents, 
outlet works, spillways, reservoir storages, land requirements, 
relocations, and design floods are presented in table 8. A complete 
analysis of the project for.mulation studies is presented in appendix I. 

133· MONTEIJ.. RESERVOIR.- The proposed Mantell Dam would be 
constructed at river mile 4ol.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 Mantell Dam and Reservoir, a low channel 
dam would be constructed at about river mile 387, about 14 miles down­
stream from the reservoir. From the channel dam a gate-controlled 
24-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 yield of the Tbm 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 construction 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 11000 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 a 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 1 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 overlook facilities, park and picnic areas, an 
access road and foot trails to ·the river are proposed. Water for the 
pipelin~ to the Tom Nunn Hill area will be ponded behind this chaimel 
dam. Add1 tional 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 a scenic attraction for sightseeing, picnicking, camping, 
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and fishing. A further analysis of this water resource development with 
its recreational attraction is contained in paragraphs 168-170 ot this 
report and in Appendix VI, Recreation and Fish and Wildlife. 

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

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

140. The plan of operation proposed tor this project provides for 
release of all inflows after each rain. The rate of release has been 
tentatively planned at 750 second-teet, the estimated infiltration 
rate of the stream in the Edwards outcrop area. No permanent storage 
would be provided in the reservoir. The storage required tor 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-teet. 

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-teet. Only during the critical drought, 1947-56, 
the Frio River in this area had no recorded flow tor about five months. 
In addition, large quantities of floodwater will be stored in the 
reservoir tor considerable periods ot time. The release ot these 
floodwaters to recharge the underground reservoir will provide a scenic 
attraction tor sightseers. For these reasons sufficient overlook, park 
and picnic facilities tor the general public are proposed tor inclusion 
in the project. 

142. SABINAL RESERVOIR.- The Sabinal Dam and Reservoir is 
proposed tor Federal construction 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 4,200·acre-feet of reserve storage for 100-year sedi- · 
mer1t.ation. The joint-storage would be sufficient to control the flood 
of record on this stream without spills. This storage would also 
develop the maximum water resources of the stream above the dam site 
and w~ contribute 15,8oo acre-feet per year of additional recharge 
to the Edwards aquifer. 

143. The structure would consist of an earth and rock-fill dam 
with a gated spillway in the river channel controlled by six 40' x 
30 1 tainter gates. The structure would be founded on the Edwards 
limestone, which is considered to be good foundation rock. Leakage 
along joint systems, sim11ar to that at Medina Dam, is expected but 
should present no problem in construction or stability of the struc­
-ture. 

144. 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 
reseryoir, 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 
t.ne 20-year period of record prior to 1963 the average rate of flo11· 
o.f 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 been stored in the reservoir and are being 
released to recharge the underground aquifer in the immediate proxi­
.m.l ty of the dam. 

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

147. CWP.I!IN CROSSING RESERVOIR.- A multiple-purpose reservoir 
.for flood control, water conservation, and recreation and fish and 
w1.1dlife is proposed .for Federal construction on the Blanco River at 
the Cloptin Crossing site, river mile 32.5. The project would contain 
1.19,900 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 75-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 conservation 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 ( 42,700 
ac.ft./yr). 

149. The structure proposed for the Cloptin Crossing Dam would 
consist of· an earth and rock-fill embankment with an uncontrolled 
~pillway 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 area1 an adequate zoning plan will be developed during 
the advance planning phase of the four projects recommended for Federal 
authorizatiop and construction. 

150. DAM NO. 7 RESERVOIR.- The Dam No. 7 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 ~elected by the Guadalupe­
Blanco River Authority. The reservoir 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. 7 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. 7 Reservoir would produce a dependable 
yield for the Canyon-Dam No. 7 system of 127 million gallons per day 
( 1421 700 ac. ft. /yr). This is an increase of 41 mgd ( 46, 4oo ac. ft. /yr) 
over that yield determined for the Canyon Reservoir without upstream 
development. 

152. Tlie structure proposed for the Dam No. 7 site is an earth 
and rock-fill embanlanent w1 th an uncontrolled spillway and an outlet 
works through the dam. 
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PHYSICAL EFFECTS OF THE PIAN 

153· YIELD OF THE EDWARDS UNDERGROUND RESERvom.- Construction 
of Montell, Concan and Sabinal Reservriirs in the. Nueces· River Basin 
and.,operation of the projects as..Lprevious~ outlined will result in a 
net increase in recharge to the Edwards aquifer of 63,900 acre-feet per 
year (57 ,mUlion gallons· per day"). The aver88e a.unuaJ. recharge for 
the period 1935-56, 423,200 acre-feet, would be increased by the pro­
jects to 487,100 acre-feet, as shown in table 9· 

154. The yield of the Ullderground reservoir cannot, over a long 
period of time, exceed the average .. annUal . recharge·. Because of the 
nature ,of the aquifer 1 this .yield is. realized· through discharges from 
both wells and springs. The major. springs along the· southern limits. 
of the Bal.cones fault zone are natUral. outlets for the Edwards .Reservoir 
and are uncontrolled. Bate of flow troln these springs is dependent on 
thi! water level in the underground reservoir. The reservOir might be 
eli-awn down to some point at which no springflow would ·occur ·and· the 
e1;1tire recharge would then be available for pump88e. In this case, if 
pumpage never exceeded the a:verase recharge during aD;Y part of t~. 
eyurologic cycle, the dependa.ble .. yield during th~ critical' drought 

. ~eri~ would b~ th~ . ayerage recharge o This 1 however 1 is based on the 
pnmise: tbat the level of the reservoir would be drawn down far enough 
that e'Ven during periods of exceptio~ high. recharge, the reservoir 
woul.d not fill to the spring out~ets, and consequently no springflow .. · 
would occur. · , 

155o A limiting factor, however, in determining the safe yield 
for pumping is the pre'sence of the water of. poor quality along the. 
southern and southeastern limits of the Edwards ·Reservoir in the 
Balcones fault zone o .It is not known to what elevation the water level 
in the underground reservoir can be lowered before the poor quSJ.ity 
water would be drawn into the important well fields in tp.e San Antonio 
ar~a. The vol'UD19 of water which would move fr®l the bad. water zone is 
also U!lknown, and conseque~tl,y the overall effect of the lowering of 
the water level cannot be predicted. Contamination of a portion of the 
reservoir wou~d probably :re:ader that area uselesas as a source of fresh 
wat-er for the future .J§/ It is con.3idered that, in view of the possible 
consequences of contaminatiro, the water l~vel should not be lowered 
appreciably beyond. its historic low point, or elevation 612 msl at 
San Antonio o · 

156o For analyzing the effect of the increased recharge on yield 
and water levels of the underground reservoir, hydrologic routl.ngs were 
made of the recharge thrQ"I;gh. reservoir storage in the aquifer for the 
period 1935-62o The routings.were made under existing and modified' 
conditions of reche:rgeo As graphical.ly shown on figure 25, the safe 
yield for pumping ~ be increased from 234,000 to 263,000 acre-feet 
~r year (235 million gallons per da;y) w:i:thciut· depleting storage in the 



underground reservoir below elevation 612 at San Antonio. This repre­
sents an increase of 29 1 000 acre-feet per year {26 m@d). 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 springflow for the period 1935-56 was 352,4oO·acre-feet. 
Under assumed conditions of constant pumping of 234,000 acre-feet per 
year during this same period, the average annual springf'low 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 yield for pumping m1der modified condi­
tions of recharge, 263,000 acre-feet per year {235 m@d) represents 
an average during each year of the period 1935-56. If this yearly 
average is not exceeded this quantity of water would be available 
during a recurre~ce of the critical drought, as experienced during the 
period 1947-56, without depleting the reservoir below the historic low. 
In the absence of~ alternative source of water supply this quantity 
should not be exceeded. 

158. Provision of an alternative surface water supply, su~ficient 
to meet the demands .of the area during a critical drought, wouid enable 
greater quantities of water to be pumped from the aquifer during wet 
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 o'f pumping and the existing climatic conditions. . For· 
the remaining years of the drought, the dependable yield o'f the under­
ground reservoir would be only that in'flow during the driest year, ~ 

which in 1956 totaled 44,000 acre-feet. If this small quantity were 
exceeded during the drought it is believed that water levels in the' 
aqui'fer 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 water 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 ~llons 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 aqui'fer. The water 
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PJI!BICAL BFFJlC'l'S 01' TBB PLAH 

.r 
~e4 ave!!Se &DDUBl. reellarl!:e lac-tt]* Average BDDUBl l"lmOff at Dr81!!!!5e area-Batimatedaverage : : 

&DDUBl. zoePIIl"COS . :lower ge of Bdwarda outcroplt: (sq •. mi.) . 
above loworedse of Bid. at iDS : Modi tied Increase due to : Bld.atiag : Mod1t1ed 

8tl'~ Edwards outcl'IJ! (ac-f't}* CODditicma : conditicma resel"'oir E2~ects : CODditiona : conditicma 'l'otal. Controlled 

GUAD.ALUPB RIVER BASIN 

BlaDco Rtver aDd adjacent area 99,5P 25,lioo 25,l!oo 0 7'1-,l<;JO 24,200(1) 514 307 
·' 

Guadalupe Rt ver 2"6,oP 0 0 0 2116,000 74,100(2) 1,510 1,,425 

Dey Camal Creek ~~ ~ ~ _o_ 8,lioo 8,4oo 98 

SliB.rO.rAL - Ouaaalupe Rtver Basin 374,1,(0 l!.5,900 45,900 0 328,500 lo6,700 

BAll AEOBIO RIVBR BASIB 

Cibolo Creek 58,9(0 . 54,100 54,100 0 4,8oo 4,8oo 258 

Salado Creek 24,1j(l 21,l!oo 24,lioo(3) 3,000(3) 3,000 0 118 118 

Leon. and SaD GeroDimo Cneks 29,3() 27,6oo 27,6oo 0 1, 700 1,700 152 

Modina Rtver ...i!w.a ~ 42a722 __Q 61lioo(4) 61400(4) 630 613 

SlJB.OO:I!AL - SaD Antollio Rtver Basin 2o6,9() 145,8oo 148,8oo 3,000(3) 15,900 ' 12,900 

IIIJBCES RIVER liASIIi 

Verde Creek 18, 'TC) 14,6oo 14,6oo 0 4,100 4,100 lOS 

Bolldo Creek 23,5() 18,300 18,300 0 5,200 5,200 136 

'lrlbutacy 81'10as 13, 'TC) 10,700 10,700 0 3,000 3,o0o 79 

Seco Creek l5,4c) 12,000 12,000 0 3,1Joo 3,lioo 89 

Sabillal. Rt ver 33,9() 17,6oo 33,l!oo 15,8oo 16,300 500 214 210 

BlaDco aDd B'ackbercy Creeks 4,1(1 2,100 2,100 0 2,000 2,000 26 

Little BlaDco Creek 2,5(> 1,300 1,300 0 1,200 1,200 16 

Frio Rtver 65,ocl lj.o,ooo 61,500 21,500 25,000 3,500 432 391 

Two 'lrlbutaries 2, 70' 1, 'i'OO 1, 'i'OO 0 1,000 1,000 18 

Dry F'r.lo Rtver 27,0CI 17,100 17,100 0 9,900 9,900 ll!o 

Lecms. Rtver 6,8o'l 4,300 l!.,300 0 2,500 2,500 35 

Deep Creek 3,501 2,200 2,200 0 1,300 1,300 18 
'· Ji'Wtces Rtver 98,7Cl' 64,lioo 91,000(5) 26,6oo(5) • 34,300 3,l!oo '18lj. 7()7 

ID41an Creek 6,1foi 4,200 4,200 0 2,200 2,200 51 

Faur 'lrlbutaries 7,701 5,000 5,000 0 2,7()0 2,700 6J. 

West Bueces Rt ver ~: 1.61000 161000 __Q 1318oo 13,800 905 

SlJBlO.rAL - Jlaeces Rtver Basin ~~ 2a1!2 ~(5) ~5) ~ ~ 

'lC:IlAL - Edwards Roservo:lr Area 94o,70: 
'I, 

423,200 490,100(3)(5) 66,900(3)(5) lj.'r-!,300 179,300 

. 
*The &lliiU8l. resources, recharge and 1'linof:f (excluare of apringtlow) at the lower edge of the :&iwards outcrop are averages tor the period 1935-56. 

-The dra11111ge area at lower edge of the Bdwards ouerop, as ill41cated on plates 2 and 3, appendix II • 
._ Location of dam sites shown on plate 6 · ,..-- n - ... .-..... """"' or '"'·900 "'""'"''· ....... """'"'""· 2 Reduced by estilllated net inf'lov of 171,900 ac-ttZf to Dam Eo. 1 - Caeyon Resel"'I1r system. 

3 ·Usiag 16 SCS detention structures on Salado Creek•l962 Work Plan), for inCl'IO&se of 3,000 ac-tt/yr. · 

' 4 Does not include approx1111ate~ lj.5
4
200 ac-tt/yr caOined loss to evaporation aDd wie for i~gation. 

5 Does not inclwle lj.,300 ac-tt yr ( •> to be deLiff!red to odownat:ream areas. 
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levels under modifie!i recharge conditions would range from 1 to 13 feet 
higher and would average approximately 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 
Reclamation District. Construction of Cloptin Crossing and Dam No. 7 
Reservoirs, as previously described,_would provide a total of 915,4o0 
acre-feet additional conservation storage 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 41 mgd (46,4oo acre-feet per year) over the yield 
determined for the existing Canyon Reservoir 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 are'a-wide agreement on development of water resources can be 
obtained. 

162. FUTuRE:· WATER DEMANDS AND SUPPLY. - The projected water 
demands of the Edwards area are sho'Wll in table 10 and figure 26. If 
only the recharge reservoirs (Montell, Concan and Sabinal) are 
provided and the plan to limit the pumping rate from the underground 
reservoirto 26:3,000 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 HIVER BASINS 

Need 

Municipal and Rural 

Municipal, Rural, Industrial, 
and Thermal Power 

Municipal, Rural, Industrial, 
Thermal Power and Irrigation 

Municipal, Rural, Industrial, 
Thermal Power, Irrigation, 
and Water Quality 

Sufficient 
·to the year 

1996 

1979 

(1) 

(l) 
(1) Total projected aemana cannot be met. 
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163. If' Dam No. 7 and Cloptin Crossing Reservoirs are constructed 
in addition to the recha~ge reservoirs to. s~lement the ground-water . 
and surface-water resoUrces of' the Ed:warcis ReserVoir area the plan 
would then meet the projected needs of' the area as follows: 

. " .. TOTAL ARE;A' 

. Need 

Muntcipai and Rural 
•.; 

: Municipal, RuraJ.; lndustrial, 
and The~ Power 

J~un~c-ipal, ~1, InduStrial,. 
, Thermal ~ower, and Irrigation . 

Municipal, Rural,_ .Iridustrial,,'. 
Thermal Power, .Irrigation, 
and Water. Quality. 

... ,· 

Sufficient 
to.the. year 

2036 

2014 

2001 

164~ . As. indic~ted: i7:1 the abpve tabulations, development. of' the: 
water resources· of' the Edwards Reservoir area a% justified in the plan 
of' improvement Will not meet the anticipat-ed 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' ~eturn flows and development of additional 
-water supplies outside the Edwards Reservoir area. . Because of the 
limitati~ns .imPosed by. the author:iZa.tion for this report, ·no overall 
basin water supply plan·has been investigated for the three river · 
basins. · ·· · · 

165. . FLoOD CONTROL.- ~ The construction of Montell, Concan:, and. 
Sabinal Resertroi.rs to contain. 469,6QO acre-feet. of joint-storage for 
flood control ana· recharge purposes would provide 50-year frequency 
flood protection for developments along the Nueces, Frio and Sabinal 
Rivers from flo·ods orj:ginating on the Edwards Plateau upstream from 
the dam sites. The largest portion of the benefits will be creditabll.e 
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 ~bntell, Concan, and Sabinal· Reservoirs is 
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. r TABLE 10 

WATER ~UIRI!MEN!'S AND RESOURCES 

Nueces San Antonio Guadalupe 
Item River Basin River Basin River Basin 

Year 12§2 Water Use in M.G.D. (1) 

Municipal and Rural 6.1 139·7 6.6 
Industrial and Power 1.6 19.8 0.5 
Irrigation ~~-3 2~.4 o.~ 

TarAL 3·0 i8 ·9 1· 

Year 2025 Water Reg,uirements in M.G.D. (2) 

!oimicipal and Rural 19-9 479-3 46.0 
Industrial and Power 8.7 135-7 15-3 
Irrigation 58.5 6o.6 43.8 
Quality Control 22Q.O 

TarAL 87.1 925.6 105.1 

Year 2075 Water Regpirements in M.G.D. (2) 

Municipal and Rural 
Industrial and Power 
Irrigation 
Quality Control 

TarAL 

29-3 
13-7 
58·5 

101.5 

819-9 
217.9 
6o.6 

4o6.o 
1,5()4.4 146.6 

San Marcos Spring 

Year 2025 Water Resources in M.G.D. 

36.0 
Edwards Underground Aquifer 
other Ground Water 
Montell Reservoir 

235-0* 
4.0 
4.o 

Caeyon-Dam No. 7 Reservoir System 
Cloptin Crossing Reservoir 
Streamflow 
Return Flow 

TarAL 

9.0 
103.0 
355.0 

18.0 

J27.0 
38.0 
23.0 
24.0 

266.6 

San Marcos Spring 

Year 2075 Water Resources in M.G.D. 

36.0 
Filwards Underground Aquifer 
other Ground Water 
Montell Reservoir 

235-0* 
5-0 
4.0 

Canyon•Dam No. 7 Reservoir System 
Cloptin Crossing Reservoir 
Streamflow 
Return Flow 

TarAL 

7.0 
126.0 
377-0 

28.0 

1.27.0 
38.0 
10.0 
40.0 

279·0 

Total 
Area 

152.4 
21.9 
6~.0 

239·3 

545-2 
159·7 
162.9 
2~0.0 

1 1 ll:7.8 

922-1 
261.6 
162.8 
4o6.o 

1, 752-5 

36.0 
235-0 
22.0 
4.o 

127.0 
38.0 
32-0 

127.0 
621.0 

36.0 
235-0 

33-0 
4.o 

127.0 
38.0 
17.0 

166.0 
656.0 

*Includes recha e from Mont ell Concan and Sabinal Reservoirs. 
Determined by the Geological Survey j use fran the aquifer. 
Determined by the Public Health Service; demands of the 14 counties. 
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shown on the following tabulation: 

Joint-storage reservoirs 
Mantell Concan Sabinal 

Average annual damages, 
dollars (1) 

716,100 302,6oO 308,100 

Annual damages prevented, 
dollars (1) 

232,000 25,600 19,700 

Annual damages prevented, percent 32·4 8.5 6.4 

Average annual benefits 6o2,100 
dollars ~) 

59,300 46,300 

.. 
Flood protection frequency 50 yr 50 yr 50 yr 

(1) Under 1964 conditions of economic development. 
(2) Includes: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 75-year 
frequency flood protection to the agricultural lands, transporta­
tion and utility facilities and other improvements along the river 
valley of the Blanco 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 Rivera, including 
the city of Gonzales, from floods originating on the Blanco River. 
The flood-control value of the proposed Cloptin Crossing Reservoir 
is shown in the following tabulation: 
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Average annual damages, dollars (1) 

Annual damages prevented, dollars (1) 

1,080,000 

226,ocio 
' 

Annual damages prevented, percent 

Average·annual benefits, dollars (2) 

20.9 

659,000 

Flood protection frequency 
(Blanco River) 

(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.-

75 yr. 

· a. Nueces River Basin.- The m:~r plan of the Nueces 
River Conservation and Reclamation Distric 17 includes the proposed 
construction of Concan and Sabinal Reservoirs on the Frio and Sabinal 
Rivers, respectively, tgr r~cliarge of the Edyards YAgergrrn1nd Be~rvoir. 
The District has indicated that these recharge m:o.lect.s would have only 
a negtrg1ble effect on downst:r_~E~!!L~~t.:~~r r+gl!:!!.§.· 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 Tam Nunn Hill and Cotulla .were based upon the maximum development 
consistent with the prior water rights of the city of Corpus Christi 
per·taining 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 conservati9n storage capacity in the existing Wesley 
Seale Reservoir be enlarged from300,000 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 Mantell Reservoir is proposed in lieu 
of Tom Nunn Hill Reservoir, storage in the Mantell project, with the 
channel dam and pipeline facilities included, would furnish to the 
Reclamation District the dependable yield of the ~om Nunn Hill project, 
determined to be __ ~~ acre-feet per ~ar. Based on the cost o? a 
single purpose water supply reservoir at the Mantell site, water could 
be delivered to the area at an estimated cost of &_.9 cents per 1000 
gallons, s.Qme 21.0 cents per 1000 galJ.,Qos cheaper than the estimated 
cost of water from the Tom Nunn Hill project, computed on a dependable 
yield basis. In the event an additional quantity of water is desired 

160 

· .. 



, 

for tbe Ciysta.l Cit;y area the additional. water ccrJJ.d be made e.vailable 
fl.rom tb.e MJnteL. Reservoir for approximately l2 cents y.!r 1000 gallons 

($39/acre..:.f'eet).. The pipeli:ne a~oss the f~t zone: coiiid a.lso 'be 
eXtended further downstrea1Jl £'rom the Tam N\.um: llill area at a ct)Bt of 
about $50 ,?000 per mile o ]!Bl · the Monte~u Resel"'lroi:c- to provide I 
101000 ~-fa t ~per year of dependable yield for. ~ . r 
aupPlj' ::eo~'!.d, decrease the recharW'! from 'EF-"'Ri<>I!C!Bed Fo.JeCt I 
by =s:ppr~Jx:ill'ateg_~8 pa;:s:ent o · • · · -""""~ .. - . 

(2) . Substituting Montell Re13ervo1:t· i!l the Tam Nmm~ 
H:Ul ... CctuJ.la - Wealey Seale Reservoir system for Tom lf~J.nn Hill 
Reservo:l.l· wouJ.d !l'{t 'b.a;IJ'e an adverse effect o!l ·the yield of W::i:!ley ~· 
Ssa.l6 Raaervoi:.ro · 

·' 

(3) :&xami'<i8.tion of the resources of tb.e CotuJ.J.a 
Reser-..rc,:L'r indicares t:'c.a.t tmder natural. conditicmc. the Nue~:ee River 
lQses largd qa.anti tie E:! of water to the Edwards Undergr·ou.nd Reservoir 
as the streB.ll.L cr-esses the a:.ltcrop of the Edw.rd.ls l.imflatone in the 
Bal.ccmes fauJ..t. zo:::e:.. J.n addi·tionll ·the river loses flCIW tc tt.e graveJ.s 
a.nd Ba'Jd. farmat:lons downstream from the fe.ult zone o It :l:e. t5e.t:ilna.ted 
that '!.l!ld.al" exieti:ag cc.:..'l'lliitioll!>, fiow occVJrring at the Mcnte:J.l Dam. 
s:Lte at the rat-a o:f 14.9000 a.c:re ... feet per liiOllth wu.ld ·o':! l.r,:,st: i!l 
t!'a.uait t!.;;,1'0~ t'.he: fa1ll:t. zone and the · Sre.vel a..ud sa.ud i'CJrmat:h">ns 
ciownst.rctam frcml t.;he fau'i't zone.? 'and nO :pa:rt of sud;. f'l<.')~ l.;'(t:.:ld reach •/w.tto 
t.:t:le Co~ui.l.a Rea.sr-'.io1ro Simila.r:cy·, it is estimated ths.t ·.:ma.er Z:.3.'t'IU'al oou A<( 
'conditione a. now of 60 ~ 000 a.cra -feet ;per mont~t t.he J!1L:m:tell. p~ 5o.?-.o s-' 
site w·Cil4ld !t-=..£~E:~~tto Oiicy' .~.q,o,QQ acre-£ei...~t-~_0_9tu:i:J.a site.. ~ 
It is est:t:na.tsd t:cat !flam Nunn Rill Reservoir 'bad. 'beeL. In ~operation 
during the critica.J. d:rou.ght period, :1.947-56, t.be Septenlbe:r. 1955 storm 
'waL..d ba.ve :produced the o~· rti.!lOff in the '!lpper ba~l:n oi".r:L:ag this 
period ·vh.ich wcr:.2J.d !lava reached the Cotulla Reservo~, approximate~ 
l6 3 ::i.OJ ~r; ··f<Stit.. I.t' ~tell Reservoir were constrJ..::tei in lieu. of 
Tam N·..m.u Hill Reserroi:r, · this flow woul.d not ha'\te reachi:O. t~ Cot;uJ.16. 
Reservuir.. It is c.o.~ide'.reds hmreve:r,~~ that the probabilicy of ·the 
recru:r.ra::J.ca ,(Jf a flood Gf th~ mag!litude of the Septellibe:r· 1955 flood 
(largest fc£ peak dis;ina:r~e sine:s 1854 j during some ~ltu.r~ ~ritical. 
cirO'.Ag1:.t pe:rl()d i.3 ao remota t&t it eh·~JJ.d be dis:rega.:N.ed. in eS~tahlish-
ing reserlrcd.r size cr ;y-ield.. This flood 'tfas produced :f.r(.JJil a 8torm l 
ce:q..te:red over a. snall area. io. tl'.1.e upper Nueces Ri·~rar Baaj.no If' this 
flcci were .disregarded, l!or.stTtlction of Monte:ll Rec>3l'f>.:·:!: :lrt lie·!.l of I 
Tam Nu:cm HL.'i Re~·sr;:oir wcr.lld oot have B.'l aib;era..; effect. em t'!l.B yield 
of either of the twc iOW!!s·traam reservo:i:z:·s a.s present;d. b 1J:.e 
me.st.er· plano 

bo G;lada.l.Ufe River Baaino- The pla.n ~.1f' d.·~·v~.:::t.oJ:l'!l)ent for 
the Q:J.ad.al:::Lpe RiYe:r BasL'Il is set forth in the 11

S,;.pp:L5~!!.t t.o ":.he 
InitJ.e.l Pla.u of Dt3·velo.(;::naut. of t'.lle Guada.1:1o{Pe-Bla.nco River Au.t!lcrity," 
dated~· l961o~ Tb.is D8St·sr plan provides fo:r ths .:;ou.l3tl'ti.Ci.;ion 
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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 experienced 
at Canyon Reservoir; however, it would provide less storage than the 
project proposed in this report. 

(1) 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 J\Ule 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 Undergro\Uld 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 Guadaluoe 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 Reservoir area have been a 
tremendous attraction for over two centuries. All the major cities in 
the area were fo\Ulded 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. However, because of the scenic beauty of this area, the 
clear running streams andextensive 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 
Reservoirs 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 Mantell, Concan and Sabinal Reservoirs would 
provide an additional scenic attraction for sightseers. The low­
flow of the Nueces River would also be enhanced along a 14-mile 
reach between the Mantell 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 131 300 acre-feet annually. San Antonio and San Pedro 
Springs have flowed only intermittently in recent years 1 and the 
flow of the scenic San Antonio River through the city has been 
maintained by wells in Brackenridge Park, commercial and industrial 
wells 1 and local flood runoff • .Jj 

170. The recreation lands and facilities proposed in this report 
would provide recreational opportunities for an additional 21 5601 000 
visitors annually. Of this total, about l, 700,000 visitors are 
expected to participate in general recreational activi~ies and about 
8601 000 visitors in fishing and hunting. The proposed recreational 
development would complement 1 but not compete with, those recreational 
attractions existing in the area. If recreation lands and facilities 
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 
bo~tomland habitat for big and upland game, particularly deer. 
Because of the small populations of wild "turkey and small fUr-bearing 
animals 1 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 cCK>ts. 
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 quail ty fish habitat, primarily for largemouth bass 1 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 Reservoir area is presented in a 
report of the Bureau of Sport Fisheries and Wildlife 1 attached to 
appendix VI. 
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ECONOMIC E"vALiJATION OF THE PROPOSED PLAN 

172. GENERAL,.- Economic. studies o:f the proposed reservoirs 
wer~ made -co determine that (a) the annual benefits exceeded. the 
annual charges for the project and its separate a.~d joint project 

· purposes; (b) each unit of the project is proposed a.t the size i where 
practical., that produces "tl:le greatest excess benefits oYer costs; and 
(c) the ent.ire plan i.s the most practj cal and fea.slble n:.e~~.s of 
accompl:f.shing the project pu:!Jloses. 

173· COSTS.·- The estimates of first cost inch.1d.e all initial 
expenditures for physical construction of the prcject.9 lands and 
damages 1 relocations:~ reservoir clearing, engineering al'..d designj and 
supervision e.nd administration. The first costs and. a.."'ln1Ja..l charges, 
based on July 196~ pri~~~~vels, for all projects recommend~d for 
authorization- are shown in table 11. The annual. charges for the 
proposed projects include interest and amortization of Federal and 
non-Federal investments at an interest rate of J-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 I"'IOcc:"""'p""'l...,a""'i~ndevelopment have been reduced to an average 
annual equivalent value by compound interest methods. ~~ estimates of 
average annual benefits for the projects recommended. for authorization 
are described be~ow and are shown in table 11 by projects and purposes. 

a. Reduction in flood damages.- The average annual be1;1efits 
for flood damage reduction accruing to the various·projects were deter­
mined by use of d.isc.b.a.rge-da.mage and discha.rge-frequenc;v relationships. 
The average MDJlaJ ... d~~-~ .. 9..f...".$.?.3~~-§0Q....:_w.;:l~t_~n@ion~f 
economic d.evelopment in the flood plain would be reduced by the 4 
proposed :flood control reservoirs to $1,903,500 for benefits of 
$503,300. An a.llowa.nce to reflect the economic trends and :fu.tu:re 
development anticipated in the flood plain during the period 1975 to 
2075 would increase these annual floodu·control benefits to a total 
of $1,366,4oo. The reservoirs are designed to prevent all :fu.t'Ure floods 
immediately below the dam sites up to a frequency of once in 50 years 
at the Montell._, Concan and Sabinal Reservoirs and. once in 75 years at 
the Cloptin Crossing Reservoir. However, the flood plain areas over 
which the ave!'age annual damages are considered are very extensive and 
the reduction of damages ind.icated reflects the average redu.ction over 
the entire flood plain a!'ea with the degree of protect:i.on diminishing 
downstream as the uncont!'olled drainase area increases. 

b. ~supply.- Benefits for water sup:ply were conu>uted 
on the basis of the cost of providing the same quantity and quality of 



'mter by the cheapest alternative means. The estimated cost of the 
alternate project was based on nan-Federal financing and interest rates 
for the proposed publicly-awned project. Additional benefits were 
credited to Mantell Reservoir for the water provided to downstream areas 
in lieu of the non-Federal Tom Nunn Hill Dam and Reservoir. The four 
reoervoir projects pr6posed 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. 7 Reservoir, 
proposed for construction by local 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. 

c. Recreation.- Benefits for recreation were computed on 
the bas.is 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, and hunting. Recreation benefits for fishing 
::md hunting -were computed on the basis that 35 percent of the total 
•;isitation vould be for these purposes, 34.65 percent for the purpose of 
tish:ing, and 0.35 percent for the purpose of hunting. It was estimated 
tha't 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 11. 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 economicaliy justified individually and as a unit in the 
system. A complete analysis of the economic justification 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. 

~ 
1·76. The flood control effects of the Montell, Concan, Sabinal 

I nj 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 1 ANNUAL CHARGES, ANNUAL BENEFITS 1 AND BENEFIT-COST RATIO 
PROPOSED PROJECTS 

FIRST COSTS 

ANNUAL CHARGES 

ANNUAL BENEFITS 
Flood Control 
Water Supply 
Recreation 

BENEFIT-COST RATIO 

EIMAROO UNDERGROOND RESERVOIR AREA 
(July 1964 price level) 

(Interest rate 3-1/8% - Amortization, 100 years) 
(in thousand dollars) 

Cloptin 
Montell Concan Sabinal Crossing 

32,545.0(1) 15,650.0 11,413.0 24,440.0 

1,237.5(2) 599·5 44o.6 1,035·7 

1,802.4 889.6 659·9 2,597.8 
(602.1) (59·3) (46.3) (659.0) 

(1,098.8) (816.8) (600.1) ( 653 .o) 
(101.5) (13-5) (13.5) (1,285.8) 

1.5 1.5 1.5 2.5 
,, 

(1) Includes $9001000 estimated first cost of channel dam and pipeline. 

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

Totals 

84,048.0 

3,313.3 

5,949-7 
(1,366.7) 
(3,168.7) 
(1,414.3) 

1.8 
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COST ALLOCATION AND APPORTIONMENT 

176. COST ALLOCATION TO PROJECT PURPOSES.- Cost allocati.on 
studies were made for the proposed Montell7 Concan, Sabinal and 
Cloptin Crossing Reservoirs to determine the equitable distribution 
of the costs to the various project purposes. The allocations were 
maa.e· by the Separable Cost-Remaining Benefits Method. For the Mantell 
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 proposed 
in connection 'With the Mantell 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 reservoir 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 t.o govern construction of public works. A cost apportion­
ment summary is presented in table 13. 

178. The costs allocated to flood control in. the proposed proj­
ects are apportioned to the Federal Government in accordance with the 
general policy established in the Flood Control Act of 1936, Public 
Law 738, 74th 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 supply co~t of Montell, 
Concan, and Sabinal Reservoirs assTgned to ~barge the Edwards Under­
&!:£>~ Resemir .... has been apportioned both to the Federal Gove~nt 
and to local 1 nterests. As described in previous sections of this 
report, the largest.._mil!_t.!J,_cy: complex in the Southwest is located within 
the E~rd.s Reservoir area jn and around the city of San Antonio. The 
military installations pumped 13.5 million ~llons per day (15,100 acre­
~per...year) directly from the underground reservoir in 1962. This -
quantity represented about ~·5 percent of the total water pumped from 
the aquifer in 1962. For 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 installati.ons will share with 
local interests in the benefits to'be derived from the recharge 
reservoirs·' ?.-~-p_~ce,g~._?f the allocated wa::ter ~~t of the 
E!?jects assigned to recharge of' the Edwards aquifer have been appor­
tioned to the ~~. . -
-..-------- -r-n -~--·--=____....,..,__ 
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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. 

1810 aecrea.tinn 1 s considered to be a pro.1ect pur;pose of the 
Concan and a&binal Reservo~rs, and both general recreation and 
fish and wildlife recreatign are considered to be proJect purposes 
Or the Montell and Cloptin Crossing Reservoirs. The facil1 ties to 
be provided have been developed :f.n consonance with Senate 
Document 9.7, 87th Congress, 2d Session. Costs for recreation 
lands and facilities allocated to the Federal Government 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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Allocated water 
supply cost per 
1, 000 gallor.s 

0.078 
0.023 
0.059* 

0.076 

0.075 

0.026 
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Project and Purpose 

MONTELL RESERVOm 
Flood Control 
Water Conservation: 

Reservoir: 
Recharge 
Downstream supply 

Pipeline System 
Recreation - Fish and Wildlife 

TOTAL 

CONCAN RESERVOm 
Flood Control 
Water Conservation (Recharge) 
Recreation 

TOTAL 

SABDfAL RESERVOm 
Flood Control 
Water Conservation (Recharge) 
Recreation 

TOTAL 

CLOPTDf CROSSING RESERVOm 
Flood Control 
Water Conservation 
Recreation - Fish and Wildlife 

TOTAL 

TOTAL PROPOSED PROJECTS 

Federal 

10,873-0 

1,021.0* 

1,665.0 
13,559-0 

1,189.0 
783.0* 
227.0 

2,199-0 

898.0 
566.0* 
227-0 

1,691.0 

7,628.0 

7,351.0 
14,979-0 

32,428.0 

TABLE 13 

APPORTIONMENT OF COSTS 
PROPOSED PROJECTS 
(in 1000 dollars) 

First Cost 

Non-Federal 

17,539-0 
547.0 
900.0 

18,§86.0 

13,451.0 

13,451.0 

9,722.0 

9,722.6 

9,461.0 

9,461.0 

51,620.0 

Total 

18,56o.o 
547.0 
9QO.O 

1,665.0 
32,545.0 

1,189.0 
14,234.0 

227.0 
15,650.0 

898.0 
10,288.0 

227.0 
n,413.o 

7,628.0 
9,461.0 
7,351.0 

24,440.0 

84,048.0 

operation, Maintenance 
and Replacement of ·Parts Cost 

Federal : Ron-Federal : Total 

13-7 
2.0* 
5·1 

20:'8' 

12.0 
1.8* 
5.1 

Tir.9 

23.2 
12.8 
16.6 

-
52.b 

34.0 

~ 

30-3 

30.4 

~ 

147-3 -

24.6 
12.8 
16.6 
17.2 
9Q.4 

13·7 
36.0 
5-l 

;4.8 

12.0 
32.1 
5-l 
~ 

27-3 
30.4 

127·3 
IB5.0 

379-4 -
r *Represents 5.5~ of the allocated costs to recharge purposes. All water resources developed by Concan and Sabinal 
~ Reservoirs and 86~ (26,6oo ac.ft./yr) of the water resources developed by Montell Reservoir are indicated for 
V1 recharge purposes. The remaining 14~ (4,300 ac.rt./yr) of water resources developed by Montell Reservoir is 

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



~ LOCAL COOPERATION 

182. LOCAL COOPERATION IN THE PLAN. -

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.- In accordance with the 
1-later Supply Act -of 1958 and the Federal Water Pollution Control Act 
Amendments of 1962, all construction, operation and maintenance, 
replacement, and interest costs incurred by the Federal Government and 
allocated to water supply are to be repaid by local interests, except 
~pgrcent of those costs ~rtaining to recharge of the Edwards J 

Underground Reservoir. No _payment is required for the costs allocated 1-'f~· 

~fy.ture _water supply uilti~. suq_l}.::f[me-a:s-the ·proj¢:ct-Ts first used _fo; n ~. f1'rr 
~-.ltur})OSe 1 except~·"for the payment of interest charges on tlle--unpaid /,VI· j-11 "'; 

balance after the i_E.terest free period, which shall not exceed 10 years .• #""~.' 
1
1 

The construction costs, ~eluding interest during constructJ.on ·and 1.vt"•'-'),:'• 
interest on the unpaid balance, ~ be P!id in a lump sum or in equal t',,·( 
annual payments within the l~_f~_.oi' .. :tha....proJect, but not to exceeg 5Q 
$ears- after vater "SiiPPlY. ·u_t;!~--~.l?,.)._:gitif!~.Q... 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 water 
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 t~t porti~~ of ~~e constructio~_ CC)S'j;s_ all~~ated to wa~ 
supply and ~rtioned to non-Federal interests, including tne-cliannel 
aam and pipellnel.llConnecticm --with .. the- Mont"e-lr' Reservoir project. The 
percent of the total project first costs and operation and maintenance 
costs apportioned to local interests are presently estimated as follows: 

181 



Project First Costs o&M 

Montell Reservoir 58.34~ 58.19% 

Concan Reservoir 85·95% 62.04% 

Sabinal Reservoir 85.18~ 61.59% 

Cloptin Crossing Reservoir 38.71% 16.43% 

(2) Obtain without cost to the United States all 
water rights necessary for ope~ation 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 1 the State agency designated by the Governor of Texas tc) 
cooperate with the Corps in this study, bas 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 
water boards and improvement districts. The views of the Edwards 

, \ Undersround Wate~i§trict and_the cQ!',IJIJ!ents...recejxed Zrom other local 
interests are~Jrl~ed .. ~e followin8-§~P~!graphs. The letters 
containing the comments are presented in appendix VII. 

a. Edwards Underground Water District.- By letter dated 
March 23, 1965, the Edwards Uiiderground Water District stated that in 
signing the cooperative report it expresses its full ap~roval of the 
~oposed P-~"aXL9f~~E9Y.~~ent for the comprehensive development of' tfie 
water 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 
Autbori ty stated that further investigations should be made to deter­
mine if the water level in the underground reservoir could be safely 
lowered below elevation 612 feet. The Authority stated that some 
equitable program of re~tion should be achieved. ~,g.:fcm_ 
~hould apply to both artifiCialreCb&rge- and punlping withdrawals. The 
AuthOrity referred to the agreement between the Authority and the­
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 
intel'eat in the three recharge reservoirs proposed for construction in 
the Nueees 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 propo'sed for construction in the Guadalupe River 
Basin but expressed belief that the report gives no consideration to 
existing water rights in lts·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 
which the report was prepared, and requested the report be revised to 
eliminate them. The Authority further stated, however, that if the 
Clopt1.n Crossing Reservoir were constructed to its optimum size· and 
operated for the benefit of the Guadalupe River Basin in conjunction 
ui th 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 a·uthorizing law which pertained to the recharge of the 
Edwards Underground Reservoir.. Public Law 86-645 states that the study 
should be made w1 th a view to devising an effective means of accomplish­
ing 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, and Guadal~pe River 'Basins of Texas. 

d. Zavala-Dimmit Counties Water rovement District No. 
In its letter to the Edwards Underground Water Distr ct ted rc 
1965, the District expressed the wish to reserve the right to be tree 

I 

to either support or oppose the Montell Reservoir project. The Di~trict 
stated that its plan for basin development provides for two reservoirs 
for the replenishplent 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 substa!ltial quantity of water is available above 
the ~rontell site, this water should ·oe available to reservoirs included 
in the approved master plan. 

Edwards 
report. 

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

g. Nueces River Conservation and Reclamation District.- By 
letter dated April 7 1 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 
storase 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 
Jus.tified at this time, based on a value of water for irrigation · 
purposes wi~bin the District. 
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COORDINATION WITH OTBER AGENCIES 

184. GENERAL.... Since studies were first initiate:! fo:r th:is 
reportJ close coordir~tion has been maintained with the Edwards 
U~dergro~nd Water District. Semi~annual progress report5 on the 
study· have been made by representatives of the :Fort Worth D:tstr-j.ct 
a.t reg;.lar meetings of the Beard of Directors of the \·later District. 
In the interim;> p.lans and investigations have been coord:inated 
through additional conferences and correspondence. 

185. On November 29" 1960, the Texas lola ter Commission and the 
regional offices of other possibly interested Federal agencies were 
advised of the Fort Worth District:s Fiscal Year 1961 general 
:Lnvestigations program.? including the initiation of studies on 
recharging of the Edwards Underground Reservoir. The agenc:ies were 
:requested to advise the Fort Worth District of their interest in 
the ar·ea and the survey study, and to furnish information on avail­
aole bas.ic data i.n their possession which may be useful to the Corps 
duri.'.lg the course of the investigations. Further requests were made 
to aLl interested Federal) State, and local agencies at the public 
hearing held in San J\ntonio.9 •rexasJ on December 1:, 196L. In response 
to the requests .• extensive qua.nti.ties o:f' basic information and re.ports 
.:;onta:tning results o:f previous investigations were :received from U o S. 
Geoiogica1 Survey:, Texas Water Commission, Soil Conservation Serv:tce; 
San Anto!"'..!o City Water Board: Ground-\-later Hydrologist H. F. Guy-eon., 
and. others. D:trect liaison on 'the worki.ng level, as well as at fj.eld~ 
agency head. level: was established and maintained throughout the 
C•)U..rse o:f this investigation with several of the above agencies, the 
P1iblic Health Service, the Bureau o:f Sport Fisheries and Wild1i.fe, 
and the Geological Survey" Funds were allotted to several Federal 
agencl.es to prepare special reports or secure data for use in the 
investigations. These special investigations are described in the 
fol1ow1ng :taragraphs. 

186. PO:BLIC HEALTH SERVICE. ·~ On November 30.9 1962, "the .PUblic 
Healtn. Service$ u. s. Department of Health.9 Education and Wel:fare, 
was requested to determine the need and value of resen·otr storage 
for purposes of munic:ipal and industrial '\-tater supply and water 
quality control. It ·was also requested that cons:i.deration 'be giv:-n 
tc the qual.i ty of the wa 'ter available for recharge to. the underground 
reservoir. The limits o:f the study area, as established by the 
authorizi.ng law:; were to include the :fourteen counties across. the 
northern portions of the Guadalupe, San Antonio and Nueces River 
Basj.ns w1.th1.n the Edwards Reservoir area. The Public Health Service 
rz:part :i.s presented as an attachment to appendix I • 

187. BUREAU OF SPORT FISHERIES AND WILDLIFE.~· On Decenioer 6, 
1962, the Bureau o:f Sport Fisheri.es and Wildlife, Fish and Wildlife 
Service,~ u. s. Department of the Interior, was requested ~o prepare a 
report on the Edwards Underground Reservoir area tn coopera Uon ·w:tth 
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the Carps of Engineers under authority of the Fish and Wildlife Coordi­
nation Act (48 Stat. 4ol, as amended; 16 u.s.c. 661 et seq.). The 
Bureau was requested to determine the effects at 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 lBsins Studies, during preparation 
of this report. The report prepared by the Bureau is included as an 
attachment to appendix vr. 

188. GEOLOGICAL SURVEY.- On July 181 19621 the Ground-Water 
Branch at the Geological Survey 1 U. S. Department of the Interior 1 was 
requested to provide assistance in preparation at geologic maps at 
severaJ. dam and reservoir sites under investigation. Emphasis was 
placed on location of any zones of faulting, caves or other loss zones 
that could contribute to reservoir le~, 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 aid in planning and execution of radio­
active tracer studies. 

189. On February 211 1963, the Surface Water Branch at the 
Geological Survey was requested to make a low-flow survey 1 or seepage 
investigation, in the upper reaches at the proposed Cloptin Crossing 
Reservoir on the Blanco River. 

190. Close field-level coordination with the Austin and San 
Antonio offices at 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 soU-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 FOWER COMMISSION.- During preparation of the 
report 1 the Federal Power Commission was advised of various projects 
under consideration in the Edwards Reservoir area. The Commission was 
requested to fumish the Corps with unit capacity and energy values 
based on'· privately-financed alterruiti ve steam electric system compared 
to a Federally-financed hydroelectric system, the cost per kilowatt of 
the al~mative thermoelectric generating plant, and a statement at 
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 11 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. 

194. 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 • 
Letters 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 o The Bureau indicated that it would have no 
specific comments to of~er 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 Pdwer Administration.- By letter dated 
January 18, 1965, the Southwestern Power Administration stated that 
the pr~osed 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 • 

do Federal Power Commission.- As described in its letter 
dated January 20, 1965, the Federal Power Commission made a detailed 
study to determine t.'he feasibility of' inclusion of hydroelectric poWer 
facilities as a part of the development of the projects proposed in 
this report. The Commissi.on concurred in the conclusio~ reached by the 
Corps that provisi.on of these facUi ties at Federal expense could not be 
justified. It was noted that operation of recharge res~rvoirs as 
proposed in the report woul.d increase the springflow and thus increase 
the power production at the series of small existing hydroelectric 
stations on the Guadalupe River. 

e. Public Health Service.- The Public Health Service, by 
letter dated January 21, 1965, noted several minor inconsistencies in 
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data presented in th!i! report. In addition,. the Service bas suggested 
several public health safeguards for· inclusion in development ·or })re­

construction plans for the reservoir and recreation areas·.· It further 
recommended that a postimp01.mdage vector control survey be conducted 
to determine addi tj.9nal . measures needed to provide adequate public 
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 recharge water was higher than 
it would generally esttmate, but was not considered unreasonable since 
the total reso~ces are needed in the San Antonio area. 

g. Forest Service.- By letter dated Januar,r 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 ··da:ted January 22, 1965, the Bureau of 
Sport Fisheries and Wildlife e~ressed concern that the benefits for 
fishing and hunting used in this report were considerably in excess of 
those determined by the Bure~u. 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.· recommen~tions contained in its report 
~~rtaining to preconstruction plans and reservoir management) be 
incorporated and dis cussed· in the ·Corps report. . 

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

1.. Geological Surv~.~ By letter dated January 25, 1965, 
the Geological Survey concurred in rec.onnnendations presented in the 
report concerning an expansion. of the exist:l.ng 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. ·rt 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.- . Th.e National Park Service, 
in its .letter dated Januar,y 25, 1965, expressed. satisfaction that the 
planning for recreation as i;n-esented' in the 'report liad been giVen 
.careful study. The Service cpilcurred in statements· presented. in the 
report that, prior to construction.ot.Concan.Reservoir, protective 
works at Garner State Pal-k inust be deyeioped and coordinated with the 
Texas Parks and Wildlife .Department. •. Not:i,fi.cation .was requested. 
well in advance of construction iri order that it coUld program· site 
surveys and exca~tions.required in ~e Archeological Salvage progr-am. 

k. Bureau of Reclamation.:. 

(l) In its letter dated January 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 modest, 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 yield at the Cuero 
Reservoir. In addition, a few items were noted that should be clari­
fied in the report. 

(2) Regarding downstream 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 va~ue 
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 
February 3, 1965, the Texas Water Commission expressed satisfaction 
with the treatment given a very complex hydrologic problem and 
stated that the report reflects a thorough analysis. The Commission 
suggested rewording the recommendations to read that 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 

R 4-1-65 



from the Texas Water Commission were letters from the Texas Higln~ay 
Department and the Parks and Wildlife Department. The Texas Highway 
Department expressed belief that the report contains appropriate 
langua'ge 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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JMPIDIENTATION OF THE PLAN 

195. SCHEDULE FOR PROJECT DEVELOPMENTS.- The selection of the 
time sequence and order cit development· for the various elements in 
the plan are based. on the projected time patterns of water resource 
demands. While projected. demands are based on the best information 
currently available, it is recognized that their dependability and 
accuracy lessen with the length_ of the period· of projection. After 
co~letion of construction of each phase of development, definition 
at needs should be re-examined bet ore continuing w1 th the next phase 
ol deVelopment. Such re-examination coul.d result in some modification 
in the use ot projects previously ·constructed as well as in improve­
ments .p~ned tor subsequent construction. Present proposals tor 
initial.Federal participation are limited to those elements ot the 
pl8n 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 ot construction is proposed: 

a. The initial pba.se should include construction of Cloptin 
Crossing and Montell Reservoir projects which have been selected tor 

· the .·following reasons : 

(1) These projects would afford immediate protection 
to the flood plains of the Blanco; San Marcos, Guadalu:pe, and Nueces 
Rivers where present flood d.am8ges are the greatest. 

(2) They would provide 751100 acre-teet per year 
( 67 msd) of additional water resources, ot which 26 ,6oo acre-teet 
per year are indicated tor recharge of the F..dvards Underground 
Beservoir. 

(3) They woul.d provide 71 320 acres of additional water 
surface and appropriate recreation tacili ties, the major portion of 
which WOuld be provided at Cloptin Crossing Reservoir which is located 
in an area ot concentrated population. 

b. Following com;pletian of Mantell and Cloptin Crossing 
Reservoirs 1 construction should begin on the Concan and Sabinal 
Reservoirs. Based on_ p::r;Qjt:t~ future deman4s, all tour ot the 
projects will.-be needed by the year 197.i· --· -·-

c. Four or five years after completion of the above-named 
reservoirs construction should begin on Dam No. 7 Reservoir. 
Estimates of future demands indicate this project vill be needed by 
the year 1980. · 

:.196. Future water demands and the above order at construction 
are based on full utilization of all return :flows in the area. 
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DISCUSSION AND CONCLUSIONS 

197. DISCUSSION.- The protection and preservation of the Edwards 
Un~rground Reservoir is of utmost importance to the continued growth 
and prosperity of this south Texas region. This natural water resource 
:t:s. one of ~ finest of its kinq in. the United Sta~s. Since so 
riiB.ny 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 
iii' this area. · 

198. Qf' primary importance is the control ot wit~ 
~~ aqu:L:t.e.J". Pumping from the aquifer should be limited to a safe 
CI!~~~i~J!hat w}>w.dji§!:]!py§ th~ource·. =Tlirs wOUld arso avoid 
the danger of polluting the high quali t7 artesian water with hydrogen 
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 14 counties in the watershed of the 
aquifer were considered as a unit in formulating a water supply plan. 
J\B-V plan that woul,d._enhance the de ndable . eld ~.the . Edwar_4s 
Ite..§eryoir Qr would provide a supplemen~~Q.'!F •. £~_.2!: :wa.~er 1?£~~.B.t 
't!l!i depletiE.l!. of the aquifer woUld .R.~~,t!.t.~~t.iz.~!llt,.m .. iti three · 
';!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 
limit& of the Ba.lcones escarpment, particularly in the Guadalupe and 
San Antonio River Basins. Th~ Montell, Concan, and Sabinal ~ojects 
would store large quantities of flood fl~s to be released 
~a.:ta:t~~- a.t.:ter_s:t_~ __ to .minimizU,Va.Ji.c?J11.~~~9.I!c~rrom 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 Mantell Reservoir, together 
with the channel dam and pipeline, would also furnish a quantity of 
water 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. 7 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 
t"n.~ a:rea. 
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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 fo~ each p~j­
ect investigated. The provision of the flood c.ontrol storage .in 
Montell, Concan, Sabinal, and Cloptin Crossing Reservoirs would serve 
to reduce the threat to liv~truction to property in the a~a 
downstream from these projects. The recreatrcm--and-f:tsn a,na wildlife 
faCilities proposed for development in this report would provide 
recreational opportunities for a total of over 2,56o,ooo visitors 
annual.ly. Surface water reservoirs in the Edwards Plateau (which is 
widely known f.or 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 14-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 1481 85th Congress 1 adopted January 281 1958, 
is contained in a supplement to this report. 

203. CONCUJSIONS.- The comprehensive plan for the preservation 
and recharge~ the Edwards~~ir as a part of pl~ 

· for flood control and water conseryation in the Nueces, San Antonio, 
and Guadalupe River Basins of Texas s for the full development 
of the water and related land respurces to mee e · e-e:ffil"l.ong-
range needs to approximately the year 2000. The projects recommended 
for authorization for immediate construction by the Federal Gove.rnment 
are those found necessary for the.orderly development of the water and 
related land resources consistent with the present and projected 
economic conditions or· 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 Mantell Reservoir on the Nueces River, Concan 
Reservoir on the Frio R1 ver, Sabinal Reservoir on the Sabinal' River, 
and Cloptin Crossing Reservoir on the Blanco B1 ver. The Dam No. 7 
Reservoir project is considered as a part of the comprehensive plan 
to f:ul.ly 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 remains with 
non-Federal entities, it appears that in accordance with existing 
policy the Corp~ should no~ undertake constructiQn of those pro.jects 
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 co~ection with this report, the District Engineer recommends: 

a. rehensive plan be recognized as a plan for the 
fUll developmen and beneficial pu o -~lie 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 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 supply, recreation, and fish and wildlife purposes. 

b. That the foreg~ing be accomp~~ with _s~.ch changes and 
J!9.~S 1 in the discretion of""'tbe Chief Of Engineers 1 may be 
advisable 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 $379,4o0 or a total net Federal annual cost of $2321 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 
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dam and pipeline in connection with the Montell Reservoir. These costs 
are presently estimated as shown below: 

Reservoir 

Montell 18,986,000 
Reservoir (18,086,000) 
Channel 'dam 
and pipeline (900,000) 

Concan 13,4511 000 
Sabinal 9,722,000 
Cloptin Crossing 91 4611 000 

J;"f 
1

/J 20 t)o· ~ 

S:tJ,7 7-t ~~ e 

Percent 

58-34 
(55-57) 

(2.77) 
85-95 
85.18 
38-71 

52,600 
(36,000) 

(16,600) 
34,000 
30,300 
30,l+o0 

Percent 

58-19 
(39-82) 

(18.37) 
62.04 
61.59 
16.43 

~ 4't<,J tJtJv 

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

. 0 t~, ~ ./.t) ;e-:._;. ,{ 
PAUL W. J: F. P. KOISCH 
Chairman, of Directors Colonel, CE 
Edwards Underground Water District District Engineer 
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