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SURVEY REPORT
ON

EDWARDS UNDERGROUND RESERVOIR
GUADALUPE, SAN ANTONIO, AND NUECES RIVERS

AND TRIBUTARIES, TEXAS

APPENDIX II

HYDROLOGY AND HYDRAULIC DESIGN

GENERAL

1. SCOPE.- This appendix presents analyses of problems associated
with the water resources of the Edwards Reservoir and the analyses of

some of the water resource problems of the Nueces, Guadalupe, and San

Antonio River Basins. Only those portions of these three river basins
which would be affected by projects constructed to alter the existing
recharge of the Edwards Reservoir are considered to be within the
scope of this report. Such projects were investigated with a view
toward the possible improvement of the yield .of the underground reser-

voir together with the provision of flood control and water conserva-
tion measures.

2. It is noted that because of its importance, the Edwards

Reservoir is the most intensely studied aquifer in Texas. A volumi-
nous amount of data relative to the aquifer have been published as a
result of investigations by the U. S. Geological Survey and by private
consultants 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 Under-
ground Water District.

3. The investigation of those items covered by reports of these
agencies was limited to checking the accuracy of the basic data con-
tained and determining the reasonableness of the approach to the
analysis and of conclusions reached. The maximum practicable use was
made of the data contained in these reports which are listed in the
Bibliography, exhibit 1.

4. DESCRIPTION OF STUDY AREA.- The area covered by this study

lies in the south-central portion of the state of Texas, approxi-
mately between 98000' and 100030' west longitude and 29000' and

30 15' north latitude. It is bound on the west by the Rio Grande

River Basin, on the north by the Colorado River Basin, and on the

south and east by the Balcones Escarpment. The study area includes

an area of nearly 6,400 square miles consisting of parts of the
upper basins of the Nueces River, the San Antonio River, and the

Guadalupe River.
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5. From west to east the area in the Nueces River Basin is
drained by the West Nueces River, the Nueces River, the Dry Frio
River, the Frio River, Blanco Creek, the Sabinal River, Seco Creek,
Hondo Creek, and Verde Creek. The area in the San Antonio River
Basin is drained by the Medina River, Leon Creek, Salado Creek, and
Cibolo Creek. The area in the Guadalupe River Basin is drained by
Dry Comal Creek, the Guadalupe River, and the Blanco River. In
general, these streams originate on the Edwards Plateau, commonly
known as the "hill country" north of the Balcones Escarpment.

6. The terrain of the plateau is rough and broken with thin
soil cover and the drainage is characterized by steep slopes, re-
sulting in sharp-peaked runoff hydrographs. In addition, most of
the streams exhibit a small base flow except in periods of drought.
The Edwards limestone covers most of the surface through the Edwards
Plateau except in portions of the Guadalupe and San Antonio River
Basins where remnants of the limestone cap the hills. For the most
part, the streams have cut deep gorges through the Edwards lime-
stones and are bedded in the more impervious Glen Rose limestones.
The Edwards limestone absorbs a substantial amount of rainfall.
This water percolates downward through cracks and fissures to the
lower parts of the Edwards formation where it comes in contact with
relatively impermeable formations, 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 contact be-
tween the pervious and impervious zones in the valleys that have been
cut by the streams. These springs are the source of the base flow
of the streams that drain the Edwards Plateau country. Each of the
streams then, with the exception of the Guadalupe River, lose their
entire base flow and much of their flood flow to the Edwards Reser-
voir as they cross long stretches of honeycombed and cavernous
limestone in the Balcones fault zone. The location of the Edwards
Reservoir is shown on plate 1.

7. Those streams crossing the recharge area and the approxi-
mate lengths and drainage areas above the downstream limit of the
recharge area are shown in table 1. The major watershed drainage
areas are delineated and tabulated on plates 2 and 3, Drainage
Areas, Nueces and Guadalupe-San Antonio River Basins.

8. EXISTING AND AUTHORIZED FEDERAL IMPROVEMENTS. The
Federal improvements in the study area are limited to those
constructed and authorized by the Corps of Engineers and the Soil
Conservation Service of the Department of Agriculture. These
improvements are discussed in the following.paragraphs.

a. Corps of Engineers Projects.- The Canyon Reservoir.
is the only Corps of Engineers reservoir in operation in the -study
area and is located at river mile 303.0 on the Guadalupe River

2
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TABLE 1

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

Above downstream limits of recharge
area*

Stream : Approx. length : Drainage area
(miles) : (sq.mi.)

GUADALUPE RIVER BASIN

Blanco River and adjacent area 70. 514
Guadalupe River 155 1,510
Dry Comal Creek 8 98

Sub-total 2,122

SAN ANTONIO RIVER BASIN

Cibolo Creek 61 258
Salado Creek 18
San Geronimo Creek 19 270
Leon Creek 19
Medina River 83 630

Sub-total 1,158

NUECES RIVER BASIN

Verde Creek 27
Hondo Creek 32 412
Seco Creek 21.
Sabinal River 38 26
Blanco Creek l 256
Frio River 58 450
Dry Frio River 45 193
Nueces River 64 896
West Nueces River 76 905

Sub-total 3,112

Total 6,392

* See plates 2 and 3
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about 12 miles northwest of New Braunfels. It was constructed for flood
control, water supply, and recreational purposes. Construction of the
project began in April 1958 and deliberate impoundment began on June 16,
1964. Blieders Creek Reservoir, a flood control only project to be
located at river mile 5.8 on Blieders Creek, 1.5 miles north of New

Braunfels, is in the advance planning stage. Blieders Creek Reservoir,
when constructed, will control the runoff from a 14.8 square mile area
and provide flood protection to the city of New Braunfels. The Corps
of Engineers also has under construction a channel improvement project

in the city of San Antonio which includes the clearing, widening,
deepening,; and straightening of approximately 31 miles of river and
creek channels and construction of certain related structures. This

project was begun in November 1957 and, when completed, will control
the runoff from approximately 114 square miles of drainage area in
and adjacent to the city of San Antonio. Pertinent data for the

Canyon and Blieders Creek Reservoir projects and the San Antonio
Channel Improvement project are given in tables 2, 3, and 4, respec-
tively.

b. Soil Conservation Service Program.-

(1) Watershed Work Plans.- The Soil Conservation
Service of the U. S. Department of Agriculture has formulated "Work

Plans" for the Martinez, York, and Salado Creeks watershed within
the Edwards Reservoir area. The plans provide for construction of
38 watershed protection and floodwater retarding structures to pro-

vide control over a drainage area of about 218 square miles. The
structures will contain a total of about 63,767 acre-feet of deten-
tion storage. On July 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 watersheds listed
above are presented in table 5, and the locations of the projects are
given on plate 4.

(2) Projected Development.- In connection with the

report of the United States Study Commission - Texas, the Soil
Conservation Service published the results of investigations of the

long-range needs for floodwater retarding structures in most of the

Texas river basins. These reports were titled "Upstream Flood Pre-

vention and Water Resources Development." The reports for the

three basins being studied in this report were published as follows:

Guadalupe River Basin, August 1960; San Antonio River Basin,
September 1960; and the Nueces River Basin, November 1960. These

data have been summarized and supplemented in another SCS publica-

tion, "Upstream Flood Prevention in Texas - A Summary Report",

7



dated June 1963. Pertinent data taken from these reports for addition-
al SCS projects in the study area are given in table 5.

9. EXISTING NON-FEDERAL IMPROVEMENTS.- Development of surface
water resources by local interests in the Edwards Reservoir area has
been minimal due largely to the availability of ground-water resources.
The principal reservoir projects within the three basins are described
below.

a. Guadalupe River Basin.- In the Guadalupe River Basin,
Comal County has constructed one floodwater 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.

b. San Antonio River Basin.- Local interests developments
on the San Antonio River and tributaries consist of Lake Medina and
Medina Diversion Reservoir on the Medina River, and Olmos Reservoir
on Olmos Creek in San Antonio. Lake Medina with a capacity of 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 urban areas of the city. Olmos Reservoir has a storage
capacity of about 15,500 acre-feet at top of dam 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 Olmos and
Medina Reservoir projects are presented in tables 6 and 7.

c. Nueces River Basin.- There has been no significant
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, thirteen 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
thirteen structures in Uvalde County are of the latter type, con-
sisting generally of small impounding structures and preservation
of existing surface openings into the water-bearing formations of
the area. The impounding structures allow an increased amount of
water, collected during periods of high discharge, to enter the
water-bearing formations through the existing openings by reducing
the velocity of the water across the land surface. The addition
of the impounding structures and installation of devices to protect
existing openings have resulted in the introduction of surface waters
to the underground strata at higher rates.

8



TL'3LE 2

CANYON RESERVOIR

LOCATION:.
R .M. 303 on Guadalupe River and about 12 mi. N.W .
of New Braunfels, Texas, in Comal County

DRAINAGE AREA:

DAM:

Type:

Length:
Max. Height:
Top Width:

Dike:

SPILLWAY:
Crest:
Length:
Type:
Control:

1,425 sq. mi.

Rolled earth fill w/spwy in saddle
about 2,500 from rt. abutment
4, 410 (main emb . )
224 ft.
20 ft.
10 ft.

943.0 ft msl
1,260 ft. net @ crest
Broadcrested
None

INFLOW:
Spillway design flood peak, cfs
Spillway design flood volume, ac-ft
Spillway design flood runoff, in.

OUTFLOW: (El. 969.1)
Total routed peak outflow, cfs

Spillway
Outlet Works

OUTLET WORKS:
Type:
Dimension:
Invert:
Control:

POJER FEATURES:
None

687,000
1,285,800

16.92

508,000
502,800

5,200

1 gate controlled conduit
10' dia.

775.0 ft msl
2 - 5'8"xlO' hydraulically operated
slide gates

RESERVOIR DATA
: Elev.: Reservoir : Reservoir Capacity : Spillway O:Outlet Works
feet : Area : Accunu- : Runoff: Incre- : Capacity : Capacity

Feature : msl : (acres) : lative : (inch-: mental : (cfs) : (cfs)

(ac-ft) :es) :(ac-ft)

Top of Dam 974.0
Maximum Water Surface 969.1 17,120 1,129,300 14.84 502,800 5,200
Flood Control Pool 943.0 12,890 740,9O0 9.75 346,400
Spillway Crest 943.0 12,890 740,900 9.75
Conservation Pool 909.0 8,240 386,200 5.08 366,400
Sediment Reserve 28,100*

Total Storage 740,900
Maximum tailwater 813.9
Streambed 750.0
*Sediment distributed as follows:

19,800 ac-ft below El. 909.0
8,300 ac-ft between El. 909.0 & 943.0



TABL 1
BLIEDERS CRr RESERVOIR

(ADVANCE PLANNING)

LOCATION:
R.M. 5.8 on Blieders Creek, Guadalupe River Basin,
1.5 miles N. of New Braunfels, Texas

DRAINAGE AREA:
14.8 sq. mi.

DAM:
Type: Earth fill
Length: 3130' plus 600' dike
Max. height: 84'
Top width: 20'

SPILLWAY:
Crest:
Length:
Type:
Control:

750.5 f tnisl
Variable
Natural saddle, left bank
None

INFLOW:

Spillway design flood peak, cfs
Spillway design flood volume, ac-ft
Spillway design flood runoff, in.

OUTFLWx: (Ei. 763.1)
Total routed peak outflow, cfs

OUTLET WORKS:
Type:
Dimension:
Invert:

Intake
Outlet

Control

POWER FEATURES:
None

70,300
27,310
34.6

59,000

RESERVOIR DATA
: Elev. : Reservoir : Reservoir Capacity : Spillway : Outlet Works
: feet Area : Accumu- : Runoff : Incre- : Capacity Capacity

Feature : msl (acres) : lative : (inch- : mental : (cfs) : (cfs )
(ac-ft) es) (ac-ft)

Top of Dam
Maximum Water Surface
Top of Flood Control Pool and

Spillway Crest
Invert of Outlet Conduit
Conservation Storage
Sediment Reserve (below el 750.5)
Total storage
Streambed

768.0
763.1

750.5
700.0

684.o

684
575

368
16

13,657 17.3

7,712
88

9.8
0.1

-MI

1 - conduit
60"

700.0v rnrii
698.Oft mSl
None

58,270

7,312

None
-400

7,712

730

660
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TABLE 5

SUMMARY OF PERTINENT DATA FOR PROPOSED
SOIL CONSERVATION SERVICE RESERVOIRS

Total : :Service :Number
drain- :No. :Drainage : Pool capacity :spillway:of

Basin : Watershed : age :of : area : :Flood :release :struc-
area :struc-:controlled:Sediment:control :rate :tures
sq.mi.):tures : (sq.mi.):(ac.ft.):(ac.ft.):(cfs) :ccpleted

WORK PIAN IiTA ( )

San Antonio River Salado Creek 218 16 118 5,263 42,005 1,190 -

San Antonio River Martinez Creek 87 6 29 2,478 6,511 369 5

Guadalupe River York Creek 147 16 71 1,950 15,251 393 13

USSC-T DATA (2)

Nueces River NE Utopia
Community 4 1 14 42 395 15 -

San Antonio River Santa Clara
Creek 66 8 19 2,127 6,411 190 -

Guadalupe River Comal Creek 91 6 39 1,280 12,130 240 -

(1) Data from published work plans available as of July 1, 1964; also, see plate 4 for location.

(2) Data from published reports titled "Upstream Flood Prevention and Water Resources Develop-
ment" prepared by SCS in 1960 for United States Study Commission, Texas.



TABLE 6
OLMOS RESERVOIR

(EXISTING)

LOCATION:
On Olmos Creek in north part of
San Antonio, Bexar County, approxi-
mately 0.8 mile above confluence of
Olmos Creek and San Antonio River.

DRAINAGE AREA:

DAM:
Type:
Length:
Mej. height:
Top width:

32 sq. mi.

Concrete, gravity-type
1,941 ft.
57 ft.
25 ft.

SPILLWAY:
None

OUTLET WORKS:
Type: 6-gate controlled rectangular

conduits
Dimensons: 5'9" x 7'10" each
Invert: 679.53 ft. msl
Control: 6 slide gates

USE:

Flood control

RESERVOIR DATA
Reservoir capacity

cElev. : Reservoir : Accumu- : : Incre- :Outlet works

Feature : feet : area : lative : Runoff : mental : capacity
msl : (acres) :(ac.ft.) :(inches):(ac.ft.): (cfs)

Top of railing
Top of dam
Floor of gate motor

operating room
Outlet works

Total storage
Streambed

7310
728.0

713.5
679.53

671.4

1,194L
1,045

458
4.5

18,800
15,500

5,000
0

11 01 3,300

9.08 10,500

2.93 5,000

18,800

13,500
13,100

10,900
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LOCATION:
R.M. 70.4 on Medina River 13 mi. north
of Castroville, Medina County, and
about 28 miles west of San Antonio

DRAINAGE AREA:

DAM:

Type:

Length:
Max. height:
Top width:

SPILLWAY:
Crest:
Length:
Type:
Control:

U'

TABLE 7
MEDINA RESERVOIR

(EXISTING)

633 sq. mi.

Concrete, ogee, gravity-type
w/spwy in saddle in right
abutment adjacent to west
end of dam
1580 ft.
164 ft.
25 ft. w/23' roadway

1072 ft. msl
880 ft.
Broadcrested
None

OUTLET WORKS:
Left Bank:

Type:
Diameter:
Invert:
Control:

Right Bank:
Type:
Diameter:
Invert:
Control:

USE:
Irrigation

3-gate controlled conduits
60"
966.5 ft. msl
Lift-type gates

2-gate controlled sluices
30"
922.5 ft. msl
Lift-type gates

RESERVOIR DATA
Reservoir capacity :

Elev.:Reservoir: Accumu- : : Incre- : Spillway O:Outlet works
Feature : feet : area lative : Runoff : mental : capacity : capacity

: msl : (acres) :(ac.ft.) :(inches) :(ac.ft.): (cfs) : (cfs)

Top of dam
Maximum water surface
Spillway crest
Sediment reserve

Total storage
S treambed

1084.0
1072,0
1072.0
966.5

920.0

5,600
5,600

328

254,000
254,000

4,800

7452
7.52
0.14

249,200
4,800

254,000

I



10. CLIMATE.- The climate over the Edwards Plateau is generally
mild with hot summers and cool winters. Freezing temperatures and snow-

falls are experienced occasionally, caused by the rapid movement of

cold high-pressure air masses from the northwestern highlands.

11. The general elevation of the Edwards Plateau ranges from
about 3000 feet above mean sea level in the headwaters of the Nueces

River Basin to about 600 feet above mean sea level at San Marcos. The

only important topographic feature affecting climate in this area is

the Balcones Escarpment which extends from Brackettville eastward
through San Marcos.

12. Table 8 gives climatological data relative to temperature,
growing season, wind velocity, and humidity at representative United

States Weather Bureau stations in and adjacent to the Edwards Plateau.

13. HUMIDITY. - The relative humidity over the Edwards Reservoir
area is generally moderate, with the humidity decreasing from Austin
westward across the Plateau.

14. WINDS.- The prevailing winds are from the south or south-
east during the greater part of the year. Dry southwesterly winds

are experienced occasionally. During the winter months, December,
January, and February, the high-pressure air masses approaching
from the north cause the prevailing wind direction to shift to the
north. Wind movements are strongest in March and April; and the
lightest wind movements generally occur during August, September,

and October. The maximum published wind velocity of 74 miles per
hour occurred at San Antonio in August 1942, during a severe tropi-
cal storm which swept inland over the Matagorda Bay section. In
general, wind movements over the basin are relatively mild.

15. TEMPERATURE.- The mean annual temperature varies from

70.0 degrees at Uvalde in the southwestern part of the Edwards
Plateau to 64.4 degrees at Kerrville in the north central part of
the Plateau. The mean annual temperature over the Edwards Plateau
is about 68 degrees. Temperatures in the Edwards Plateau have
ranged from a maximum of 114 degrees recorded at Uvalde to a mini-
mum of minus 7 degrees recorded at Kerrville.

16. GROWING SEASON.- The growing season between killing
frosts normally varies from 221 days at Kerrville in the upper por-
tion of the Edwards area to 280 days at San Antonio. The average
growing season for the Edwards Plateau is about 254 days.

17. SNOWFALL.- Snowfall is generally light over the Edwards
Plateau. It occurs at infrequent intervals over the area and melts

rapidly. Seasonal accumulations are not experienced in this area
and snowfall therefore does not constitute a flood hazard.

16



18. PRECIPITATION.- Precipitation near the Edwards Reservoir
area has been observed officially at Austin since 1858 and at San
Antonio since 1866 when stations. were established by the U. S. Weather
Bureau at these locations. Three other recording gages have been es-
tablished at Fredericksburg, LaPryor and Rocksprings, in and near the
area at later dates. Plate 5 shows the locations of the rainfall
stations in and adjacent to the area.

19. Mean annual rainfall over the Edwards area is approximately
27.8 inches, and varies from about 34.0 inches in the eastern part to
about 22.0 inches in the western part. Plate 5 shows isohyetals of
mean annual precipitation over the area and mean monthly distribution
of rainfall at Hondo, San Marcos, and Carr Ranch. Table 9 shows the
maximum, minimum, and United States Weather Bureau published normal
annual precipitation at stations in and near the area. It is noted
that 11 of the stations listed in table 9 were established prior to
1900.

20. Periods of excessive rainfall have been experienced over all
parts of the area. Generally, the highest 24-hour and monthly periods
have occurred during major storms. However, there are many instances
of heavy precipitation resulting from local thunderstorms. Maximum
24 hour and maximum monthly precipitation for representative stations
in and adjacent to the area are given in table 10. Table 11 lists
rainfall intensities for stations in and near the Edwards Reservoir
area for durations of less than 24 hours.

21. EVAPORATION.- Evaporation records from six stations located
adjacent to the Edwards Reservoir area were analyzed and adopted for
use in this report. These stations and their operating agency are:
Austin, Del Rio and Dilley, by the U. S. Weather Bureau; Sonora and
Winter Haven by the Texas Agricultural Experiment Station; and San
Antonio by the U. S. Field Station, Department of Agriculture. Austin
and San Antonio are located northeast and south, respectively, and
adjacent to the Edwards Reservoir area. Sonora is 40 miles northwest
of the area. Del Rio is 40 miles west. Dilley and Winter Haven are
60 and 70 miles, respectively, south from the area. Austin, Dilley,
and Winter Haven each have records for 30 years or more. San Antonio
has records for 24 years while Del Rio and Sonora have records of 12
and 11 years, respectively. Table 12 gives pertinent data for the six
evaporation stations. Evaporation is greatest in the higher portion
of the area to the northwest and least in the lower and more humid
southeastern area. Approximately two-thirds of the annual evaporation
normally occurs during the six warm months, April through September.

22. RIVER STAGE AND DISCHARGE.- The discussion of the stream
gages in the Nueces River Basin is confined to the gages above the
Asherton gage on the Nueces River, the Derby gage on the Frio River,
and the city of Three Rivers on the Atascosa River. Plate 2 shows

17



TABLE 8

CLIMaTOLOGICAL D TA

Si ation

'rnstin AP (2)

Blanc o

~Boerne

Dcl Rio (2) *

Fredricksburg (2)

Hondo

Kerrville

Luling (2)

New B3raunfel s

San .ntonio AP

San Marcos

Seguin (2)

Uvalde

:Growing sceaion:Oin eLOCIty : el tive humi,1 An
St tion : Av. length h , vy. :atest : oercen "(ye ars)

: (days) : mph mile :T .:Noon:T .m.:Mi. right

Austin AP (2) 263 9.5 57 61 51 8 71

Del Rio (2) * 287 7.4 62 79 53 6 64

San iMtonio AP 280 9.3 74 -3 54 52 76

(i) ".11data.as of Dec. 31, 1962.
(2) Station outside of basin.
* Data as of Dec. 31, 1958.
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Years of :Temperature in degrees A renne
complete : ea, : Mocximum nimm
record (1) : Annual recorded :_recorded

107 6.2 109 -2

& 66.4 . 2110 -

69 66.2 112 -4

14 09.0 111 11

5 4 6 7 . 1 1 0 -

59 69.3 flO 4

O6 6OL.4 110 -y

75 66.9 110 -3

7l '0.0 110 2

u. 107 0

59 67.9 111 -2

36 69.2 110 0

59 70.0 11 0
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TABLE 9

PRECIPITATION DATA

Years of : Annual preci pion in.
Station : complete : U.S.W.B.

record (1) Maximum :Minimum :normal (2)

Austin * 104 64.68 11.42 32.58

Blanco 66 55.06 12.98 34.26

Boerne 74 62.47 10.29 31.67

Brackettville 85 45.37 6.45 22.00

Carr Ranch * 41 49.31 9.82 28.85

Floresville * 46 46.32 7.88 26.91

Fredericksburg * 54 47.23 11.29 28.37

Hondo 67 58.73 11.92 29.20

Karnes City * 23 56.57 16. 6 8  31.93

Kerrville 66 57.57 12.33 31.50

LaPryor * 44 42.01 5.94 22.01

New Braunfels 74 60.21 10.12 32.54

Nixon * 41 58.10 16.64 31.33

Rio Medina 39 46.27 12.25 26.94

Rock Springs 30 38.16 10.26 22.85

Runge * 66 46.81 13.60 29.78

Sabinal 58 48.21 11.29 25.77

San Antonio * 96 50.30 10.11 27.84

San Marcos 66 52.24 13.42 33.88

Seguin * 58 49.47 13.80 30.85

Uvalde 68 45.02 9.29 24.69

Whisett * 46 49.36 5.19 26.16

(1) To 31 December 1962. (2) The average annual precipitation is based
upon published US Weather Bureau normal values for the periods 1921-1950

or 1931-1960 supplemented by computed oversges for the neriod 1931-1960.
* Outside Edwards Plateau.
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TABLE 10

MAXIMUM 24-HOUR AND MAXIMUM MONTHLY PRECIPITATION

21

:Years of complete :Maximum 24-hour :r :aximun monthly ,
Station :record through 196 2:rainfall(inches) :rainfall(inches)

Austin AP 1014 19.03 20.78

Bankersmith 22 12.95 17.51

Blanco 66 17.51 22.66

Fredericksburg 54 8.03 1-. 48

Garner State P.rk 11 4.17

al Ranch 22 3.73 10.26

Hye 22 22.96 24.12

Kerrville 76 11.60 19.94

L. Pryor 44 7.78 14.56

Luling 74 6.51 13.76

New Braunfels 74 9.41 16.41

Rocksprings 30 4.47 16.57

San Antonio AP 96 7.08 11.64

Tarpley 24 14.73 10.35



TABLE 11

RAINFALL INTENSITIES IN AND NEAR
THE EDWARDS UNDERGROUND AREA

Total precipitation in inches *
Station lhr : 2hr :3hr : 6hr 12hr

Austin 3.46 4.41 5.47 7.02 8.51

San Antonio 3.07 4.64 5.82 6.11 6.81

Hall Ranch 1.85 3.25 3.25 3.25 3.35

Rocksprings 1.56 2.14 2.47 3.08 3.91

Tarpley 1.90 3.40 4.00 4.41 4.47

Garner State Park 2.23 2.48 2.90 3.59 3.97

* Records published in U. S. Weather Bureau Technical Paper No. 15.

Note: Unofficial observations indicate published records have been
exceeded in some areas.

22
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the location of the gages installed by the U. S. Geological Survey for
the systematic collection of records in the study area. The first gages

installed in the Nueces River Basin were near Cinonia on the Nueces
River and near Derby on the Frio River. The former was installed

July 5, 1915 and the latter August 1, 1915. Only a partial record was
maintained at the Cinonia gage which was discontinued in September 1925.
The record at Derby is complete from time of installation of the gage to

date. Gages were established.in the latter part of 1923 at Iaguna on
the Nueces River and Concan on the Frio River. The largest increase in

the number of gages took place when seven recording gages were installed
in 1952. There were 18 recording gages operating in the upper watershed
of the Nueces River Basin as of September 30, 1962.

23. The discussion of the stream gages in the Guadalupe and San
Antonio River Basins is confined to the gages upstream from Gonzales

on the Guadalupe River and Falls City on the San Antonio River. Plate 3
shows the location of the gages. Observation of streamflow on the
Guadalupe River began on September 1, 1904, when the U. S. Weather
Bureau established a staff gage at the Gonzales Water Power Company
in Gonzales, Texas. The daily stages are published for this gage.
The 'U. S. Geological Survey established gages at New Braunfels and
near Comfort in January 1915 and January 1918, respectively. In
January 1928, the gage at New Braunfels was moved upstream above the

mouth of Comal River eliminating the springflow from Corral Springs
from the base flow that was recorded as runoff at the lower site.
Since the 1920's, numerous gages have been installed in the Guadalupe
and San Antonio River Basins. There were 28 recording streamflow
gages and one non-recording gage in the basins as of September 30, 1962.

24. ANNUAL RUNOFF.- The observed average annual runoff at the
principal gages in those portions of the Nueces, Guadalupe, and San
Antonio River Basins covered by this report are given in tables 13
and 14. Also given are the minimum and maximum annual runoff for

the purpose of illustrating the extremes to which the annual runoff

in these basins are subject.

25. DROUGHTS.- Hydrologic records for the Edwards Plateau
illustrate recurring patterns of long to moderate drought and periods

of heavy rainfall. The period of streamflow measurements used in

this report includes the most severe drought that has been experi-

enced since accurate records became available. The recent drought

which ended in the early part of 1957 is the critical drought of record.

26. The prolonged drought of the period 1947 through 1956,
which was experienced over most of the Guadalupe River Basin, was
broken by one of the most intense storms of record, that of September
1952. Rainfall records for Blanco and Kerrville, however, show that

despite this storm, there was an accumulated rainfall deficiency
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of approximately 70 inches and 59 inches, respectively, for the 10-year
period. The normal annual rainfall at Blanco is 34.26 inches. The
annual rainfall at Blanco during the 1947-1956 .period varied from 14.4
inches in 1954 to 53.7 inches in 1952, with an average for the period
of 27.3 inches. The normal annual rainfall at Kerrville is 31.50
inches while the annual rainfall during the- 1947-1956 period varied
from 1J.04 inches in 1956 to 40.9 inches in 1952, with an average or
the period of 25.6 inches. The drought ended in the Guadalupe River
Basin during the spring of 1957 when over 21 inches of rain fell dur-
ing the months of April and May.

27. The prolonged drought of the period 1950 through 1956 which
was experienced over most of the Nueces .River Basin, was broken in
the Upper Nueces River watershed in September 1955 by one of the most
intense storms of records over thc Upper Nueces watershed. The storm,
which was centered over the Nueces River upstream of Montell Dam site,
produced the maximum known peak discharge at the laguna gage, downstream
from Montell Dam site. The average rainfall during the drought period
was approximately 20.0 inches over the Nueces River Basin above the
Balcones 'ault Zone while the normal annual rainfall is between 26
and 27 inches.

28. STORM CHARACTERISTICS- The storms that cause precipitation
on 'the Edwards Plateau are of three general types: (1) thunderstorms,
resulting in devastating cloudbursts; 2) frontal storms; and (3) cy-
clonic storms originating in the 'tropics or the Western Gulf of Mexico.
The majority of the precipitation on the plateau results from disturb-
ances of the first two:types. Thunderstoroas, as here described, are
produced and maintained by local convectional currents of the vertical
type. They are sometimes accompanied by excessive rainfall for periods
up to about 6- or 8 hours, but rarely produce excessive rainfall over
extensive areas. Thunderstorms cause major flooding in localized areas
and particularly in the headwaters of the basins in the Edwards Plateau.
Frontal storms that cause rainfall in the area result from the forced
ascension of warm moisture 4aden, air masses originating over the warm
oceanic areas to the south. The lifting of the warmer air mass is
accomplished either by direct convergence of a tropical air mass and
a polar air mass, or by the convergence and partial encompassing of
a tropical air mass by several denser air masses. The cyclonic
storms originate in the tropics and the Western Gulf of Mexico.
When' these storms move' inland they tend to curve to the northeast
and to pass up the Mississippi Valley. Infollowing this course,
the heaviest precipitation is generally experienced in the lower
part of the basin with little effect on the Ed yards Plateau.

29. MAJOR BASIN STORMS.- Some of the major flood-producing
storms that have occurred on or near the Edwards Plateau are as
follows: May 25-30, 1929; June 30-July 2. 1932,; May 31, 1935;
Tune 10-15, 1935; September 26-27, 1946; September 9-1L, 1952;
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TABLE 12

AVERAGE MONTHLY EVAPORATION DATA
AUSTIN, DEL RIO, DILLEY, SAN ANTONIO, SONORA, AND WINTER HAVEN, TEXAS

Austin, Texas Del Rio, Texas Dilley, Texas San Antonio, Texas Sonora, Texas Winter Haven, Texas
1930-1960 1946-1957 1931-1960(1) 1907-1930 1950-1960(2) 1936-1960

U. S. Weather Bureau U. S. Weather Bureau U. S. Weather Bureau Bureau of Plant Industry Bureau of Plant Industry Bureau of Plant Industry
Pan Coefficient 0.69 : Pan Coefficient 0.69 Pan coefficient 0.69 Pan Coefficient 0.94 Pan Coefficient 0.94 Pan Coefficient 0.94

:Evaporation: :Evaporation: :Evaporation: :Evaporation: :Evaporation: : :Evaporation:
Observed from Observed from :: Observed : from Observed : from Observed : from Observed from

: Pan : Reservoir : Observed : Pan : Reservoir : Observed : Pan : Reservoir : Observed : Pan : Reservoir : Observed : Pan : Reservoir : Observed : Pan : Reservoir : Observed
:Evaporation : Surface :Precipitation:Evaporation: Surface :Precipitation:Evaporation: Surface :Precipitation:Evaporation: Surface :Precipitation:Evaporation: Surface .:Precipitation:Evaporation: Surface :Precipitation

Month : (inches) : (inches) : (inches) : (inches) : (inches) : (inches) : (inches) : (inches) : (inches) : (inches) : (inches) : (inches) : (inches) : (inches) : (inches) : (inches) : (inches) (inches)

January 2.73 1.88 2.32 3.43 2.37 .79 2.94 2.03 1.30 2.46 2.32 1.15 2.56 2.41 1.34 2.09 1.96 1.18

February 3.21 2.21 2.55 4.61 3.18 1.08 3.51 2.42 1.43 3.03 2.85 1.50 3.16 2.97 1.15 2.74 2.58 1.14

March 5.11 3.53 2.09 8.05 5.55 .67 6.08 4.20 0.93 4.46 4.19 1.87 4.97 4.67 1.14 4.66 4.38 1.00

April 6.19 4.27 3.47 9.45 6.52 1.91 7.21 4.96 2.03 5.53 5.20 3.19 5.96 5.60 1.25 5.52 5.19 1.81

May 7.44 5.13 3.88 10.75 7.42 2.51 8.51 5.87 2.90 6.51 6.12 3.15 6.20 5.83 1.86 6.54 6.15 3.46

N June 8.95 6.18 3.18 12.58 8.68 1.89 9.89 6.82 2.81 7.95 7.47 2.43 7.71 7.25 2.75 7.93 7.45 2.09
to

July 9.90 6.83 2.11 14.38 9.92 .97 11.07 T.64 2.12 9.09 8.55 1.66 8.98 8.44 1.62 8.80 8.27 1.74

August 9.79 6.76 1.94 13.37 9.23 1.09 10.87 7.50 1.68 9.19 8.64 1.69 8.37 7.87 1.49 8.70 8.18 2.33

September 7.35 5.07 3.43 9.90 6.83 2.28 11.24 7.76 2.65 6.81 6.40 2.65 6.40 6.02 2.36 6.29 5.91 2.79

October 5.65 3.90 3.00 7.34 5.06 1.23 5.85 4.04 2.08 5.10 4.79 2.91 5.06 4.76 2.09 4.54 4.27 2.13

November 3.64 2.51 2.11 4.97 3.43 .45 3.73 2.57 1.22 3.16 2.97 2.13 3.49 3.28 .50 3.02 2.84 .82

December 2.66 1.84 2.56 3.61 2.49 .52 2.78 1.92 1.56 2.45 2.30 1.75 2.84 2.67 .58 2.14 2.01 1.09

ANNUAL 72.62 50.11 32.64 102.44 70.68 15.39 83.68 57.73 22.71 65.74 61.80 26.08 65.70 61.77 18.13 62.97 59.19 21.58

NET ANNUAL LOSS
FRM RESERVOIR
SURFACE 17.47" 55.29" 35.02 35.72" 43.64' 37.61"

(1) No record May-August 1943; January, February 1950.

(2) No record January-May 1950; June 1953.



TABLE 13

ANNUAL RUNOFF DATA (OBSERVED)

PIECES RIVER BASIN

Drainage Period of record Annual runoff (inches)
Stream-gaging stations area Length Maximum Minimum : Mean

(sq.mi.) From Through Years Months (1) (1)

Nueces at Laguna 764 10/23 9/62 39 0 10.85 0.41 2.45
Nueces nr Uvalde 1,930 10/28 4/39 11 7 7.18 0.06 1.61
Nueces below Uvalde 1,947 5/39 9/62 23 5 3.13 0.03 0.61
Nueces nr Cinonia 2,150 7/15 9/25 9 9 1.26 0.04 0.35
Nueces at Asherton 4,082 10/40 9/62 23 0 1.68 0.02 0.56
West Nueces nr Brackettville (2) 700 10/40 9/62 17 6 4.60 0.00 0.67
Frio at Concan (3) 405 11/23 9/62 38 11 14.21 0.29 3.35
Frio nr Uvalde 661 9/52 9/62 10 1 1.92 0.00 0.40
Frio nr Derby 3,493 8/15 9/62 47 2 4.23 0.007 0.52
Dry Frio nr Reagan Wells 117 9/52 9/62 10 1 11.74 0.35 3.60
Sabinal nr Sabinal 206 10/42 9/62 20 0 11.39 0.05 2.47
Sabinal at Sabinal 247 9/52 9/62 10 1 7.45 0.02 1.46
Hondo nr Tarpley 101 9/52 9/62 10 1 16.66 0.06 4.24Hondo nr Hondo 132 9/52 9/62 10 1 9.46 0.00 1.81
Hondo at King's Waterhole 142 10/61 9/62 1 0 - -
Seco at Miller's Ranch 43 5/61 9/62 1 5 - -
Seco nr Utopia 53 9/52 9/61 9 1 15.19 0.09 4.02
Seco nr D'Hanis 87 9/52 9/62 10 1 10.56 0.00 1.56
Seco nr Crook's Ranch 168 10/61 9/62 1 0 - .
Leona nr Uvalde (4) 146 1/39 9/62 24 9 - -
Atascosa at Pleasanton (5) 341 1/54 9/62 8 9 - -

(1) Water year.
(91 St.JL .LJ AAi.UU mm r a r a n arA

(3)
(4)
(5)

nation discontinued September 3V, 197V and re-establishedMrh2,15.
Runoff for 1930 was estimated (USCE).
Springflow only from Leona Springs.
Staff gage established by USGS for the USOE. Gage used for high stages only.



TABLE 14

ANNUAL RUNOFF DATA OBSERVEDD)

GUADALUPE AND SAN ANTONIO RIVER BASINS

Drainage : Period of record: Annual runoff (inches)
Stream-gaging stations : area : : Length : Maximum : Minimum Mean

(sg.mi.) : From : Through Years : Months (1) (1)

Guadalupe nr Comfort (2) 762
Guadalupe at Comfort 836
Guadalupe nr Spring Branch 1,282
Guadalupe at Sattler 1,430
Guadalupe at New Braunfels 1,516
Guadalupe at New Braunfels (3) 1,635
Guadalupe at Gonzales (4) 3,452
Johnson Cr. nr Ingram (5) 115
Rebecca Cr. nr Spring Branch 11
Comal at New Braunfels (6) 117
San Marcos at San Marcos (6) (7) 84
San Marcos at Luling (8) 833
Blanco at, Wimberley 353
Blancc nr Kyle 410
Plum Creek at Lockhart 113
Plum Creek nr Luling 356
San Antonio at San Antonio (9) 42
San Antonio nr Elmendorf 1,743
San Antonio nr Falls City (10) 2,113
Salado Creek at Upper San Antonio 137
Salado Creek at Lower San Antonio 189
Medina nr Pipe Creek (11) 474
Medina nr Rio Medina (12) 650
Medina nr San Antonio (13) 1,317
Red Bluff Creek nr Pipe Creek 56
Calaveras Creek nr Ebmendorf (14) 7
Calaveras Creek or Elmendorf (15) 77
Cibolo Creek nr Boerne 68
Cibolo Creek nr Bulverde 198
Cibolo Creek at Selma 274
Cibol o Creek nr Falls City 827

1/18
6/39
7/22
3/60
1/28
2/15
9/04

10/42
2/60
1/28
7/15
5/39
7/28
6/56
5/59
4/30
2/15
Installed

5/25
9/60
9/60

10/22
2/22
8/39
4/56
1/57
9/54

Installed
5/46
3/46

10/30

9/32 13
9/62 23
9.b2 40
9/6 2
9/62 34

12/27 12
9/62 58
9/62 19
9/62 2
9/62 34
9/62 11
9/62 23
9/62 33
9/62 6
9/62 3
9/62 32
9/62 38

September 1962
9/62 37
9/62 2
9/62 2
9/62 23
9/62 21
9/62 23
9/62 6
9/62 5
9/62 8

March 1, 1962
9/62 16
9/62 16
9/62 32

(1) Water year. (2) Partial record 1/18 through 5/22. (3) Base flow includes springflow from Comal Springs. March 1898 to December 1899,
gage heights and occasional discharge measurements; 1900-1902, occasional discharge measurements only; published in reports of Geological
Survey. (4) U. S. Weather Bureau staff gage, stage only. (5) Gage discontinued November 30, 1959, re-established November 9, 1961.
(6) Normal flow of river comes from springs, drainage area of stream not applicable. (7) Partial record 7/15 through 8/21; discontinued
September 7, 1921, re-established May 26, 1956. (8) Base flow is mostly from large springs near San Marcos. (9) Normal flow of river
formerly came from springs and in later years from release of pumpage from wells. The station was discontinued November 16, 1929;

re-established February 15, 1939. (10) Flow partly regulated by Medina Lake and Olmos flood-control reservoir. (11) This gage discontinued
September 30, 1934; re-established December 21, 1952. (12) All flow is seepage under and around Medina Dam except for occasional flow over
spillway. This gage discontinued September 30, 1934; re-established January 29, 1953. Annual figures only are available for water years
1923-34. (13) 633 square miles controlled by Medina Reservoir. (14) Gage installed to measure contents of SCS reservoir. (15) 25.5 square
miles are above 7 flood-control structures.

b
4
3
7
9

11
1
2

9
7

5
6
4
5
6
4

5
1
1
6
7
2
6
9
L

5
7
0

6.75
5.81
8.37

9.25
13.07

3.76

12.41
13.69
11.69

10.08

10.70

6.28

3.15
2.76
5.20

0.91
0.24
0.14

0.12
2.85

0.56

1.23
0.25
1.40

0.28

0.15

0.009

0.00
0.00
0.17

2. 3
2.36
2.81

3.28
6.39

a..68

5.46
4.67

3.51

3.09

0.61
0.4y
1.81



September 23-24, 1955. Isohyetal maps and typical mass curves of pre-
cipitation are shown on plates 6 through 12, and a description of these
storms is given in the following paragraphs.

30. STORM OF MAY 25-30, 1929.- The center of this storm was in
the Blanco River watershed about six miles north of the Cloptin Cross-
ing Dam site. At the storm center rainfall of 15.0 inches was recorded
for the storm period, of which about 12.0 inches fell in a 6-hour
period. Other rainfall amounts in the area were as follows: Fischer's
Store, 10.4 inches; San Marcos, 9.8 inches; Henly, 15.0 inches; .Dripping
Springs, 8.0 inches. The average depth of precipitation over the
Blanco River watershed was about 10.7 inches. The depth of rainfall
from the maximum depth-area curve for the 1929 storm is 13.7 inches
for a drainage area of 428 square miles (equivalent to the drainage
area above the mouth of the Blanco. River).. This storm produced the
maximum stages on the Blanco River at Wimberley and Kyle since 1869
and 1882,, respectively. The isohyetal map and typical mass curves of
precipitation are. shown on plate 6.

31. STORM OF JUNE 30-JULY 2, 1932.- This storm had several
centers; however, the most intense center was located in the Upper
Guadalupe River Basin at the State Fish Hatchery near Ingram. The
State Fish Hatchery recorded 35.6 inches of rainfall. Another
center was located in the Upper Sabinal Basin near the Humble Pump
Station. The pump station recorded 33.5 inches of .rainfall. Rio Frio
recorded 24.0 inches of rainfall in the Frio River Basin. Other rain-
fall amounts in the area were as follows: Tarpley, 2 miles northwest,
22.0 inches; Uvalde, 20.2 inches; Rothe Ranch, 18.3 inches; Sabinal,
17.5 inches; Utopia, 14.0 inches. This was considered a 42-hour storm;
however, the majority of the rainfall occurred in an 18-hour period.
This storm. produced the maximum stage since 1869 on the Frio River at
Concan; the maximum stage since 1892 on the Sabinal River near Sabi-
nal; and the maximum stage since 1900 on the Guadalupe River at
Comfort. The isohyetal map and typical mass curves of precipitation
are shown on plate 7.

32. STORM OF MAY 31, 1935.- The center of the storm was lo-
cated in the Seco Creek watershed near Woodward's Ranch, about 17
miles north of D'Hanis. The Woodward Ranch reported 22.0 inches of
rainfall during a 3-4 hour period on the morning of May 31. Lutz
Ranch reported 12.5 inches of rainfall. D'Hanis and Hondo reported
12,0 and 9,2 inches, respectively. Sabinal reported 7.7 inches of
rainfall. This storm produced the maximum stage since at least 1866
on Seco Creek near D'Hanis. The isohyetal map and typical mass
curves of precipitation are shown on plate 8.

33. STORM OF JUNE 10-15, 1935.- The center of the storm was
located slightly west ofI the Nueces River Basin approximately 15
miles. south of Carta Valley. The amount of rainfall that was
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recorded at the storm center was 17.6 inches. Forty-two miles north
of Brackettville 14.2 inches of rain was reported. Rocksprings and
Montell reported 2.1 and 8.5 inches, respectively. This storm pro-
duced the maximum stage since at least 1879 on the West Nueces near
Brackettville, and the maximum stage since at least 1836 on the Nueces
River at Cotulla. The isohyetal map and typical mass curves of pre-
cipitation are shown on plate 9.

34. STORM OF SEPTEMBER 26-27, 19:46.- The. center of the storm
was located .11 miles southeast of San Antonio at the State Apiculture
Farm. The amount of rainfall that was recorded at the State Farm was
17.2 inches. Other rainfall amounts in the vicinity were as follows:
San Antonio Nursery, 13.0 inches; San Antonio Airport, 6.9 inches;
Kelly AFB, 5.8 inches. Most of, the rainfall came within a six to
eight hour period. This storm was particularly intense on Calaveras
Creek at San Antonio0  The isohyetal map and typical mass curves of
precipitation are shown on plate 10.

35. STORM OF SEPTBER 9-11, 1952.- The storm had two centers
within the Edwards Plateau. One of the centers :(GS-20). was located
Just inside the Blanco River watershed approximately four miles south-
east of Tye. The amount of rainfall reported at the storm center was
28.8. inches.4 The other center (F-38) was located approximately seven
miles northeast of Comfort. The amount of rainfall reported was 25.1
inches. Some of the other rainfall amounts in the area are as follows:
Hye, 26.0 'inches; :Blanco, 21.1 inches; Boerne, 12.6 inches; San Marcos,
9.7 inches; Kerrville, 8.9 inches; New Braunfels, 8.8 inches. The
isohyetal map and typical mass curves of precipitation are shown on
plate 11.

360 STORM OF SEEBER 23-24, 1955.- This storm had three
distinct centers. Only one of these severe centers was located with-
in the area of study. A 24-inch center (C-1) on the Nueces River at
the Edwards a-Real County line southeast of Rocksprings, was the princi -
pal contributor to the Nueces River flood. Other rainfall amounts in
the area .are as follows: C-2, 22.0 inches; C-3, 12.0 inches; C-4, 12.0
inches; C-5, 10.2 inches; C6, 10.0 inches; C-7, 9.0 inches; c-8, 8.0
inches ; Crider's Ranch, 5.6 inches ; Ignxhaven Ranch, 1.9 inches. This
storm. produced the maximum stage since at least 1866 on the Nueces
River at Laguna. The volume of flow was decreased 82 percent at
Three Rivers. Much of the .loss occurred before the flood reached
Uvalde due to the Balcones Fault Zone which crosses the Nueces River
upstream from the Uvalde gage. The isohyetal map and typical mass
curvest of prf hre 5h u poa o

37. FLOODS,. In general, the flooding experienced alon the
Edwards Plateau is produced by intense storms with relatively limited
areal coverage. The storm of June 30-July 2, 1932, was more general
in character than any other major storm of record in the vicinity
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of the Edwards Plateau. Runoff from this storm produced the maximum

known peak discharges in the upper part of the Frio, Sabinal, and

Guadalupe River watersheds. Maximum peak discharges are as follows:

Frio River at Concan, 162,000 second-feet; Guadalupe River near Comfort,

182,000 second-feet; Sabinal River near Sabinal, an estimated 86,000

second-feet. Several additional intense storms which covered smaller

areas were: the storm of May 25-30, 1929 which produced the maximum

known peak discharges of 113,000 and 139,000 second-feet on the Blanco

River at Wimberley and Kyle, respectively; the storm of May 31, 1935

which produced the maximum known peak discharge of 230,000 second-

feet on Seco Creek about 11 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 near 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 of 58,000

second-feet on Calaveras Creek at San Antonio; the storm of September

9-11, 1952 which produced serious flooding on the Blanco River with a

peak discharge of 95,000 second-feet at Wimberley; and the storm of

September 23-24, 1955 which produced the maximum known peak discharge

of 307,000 second-feet on the Nueces River at Laguna. The effect of

the Balcones Fault on storms in the area is discussed in the follow-

ing excerpt from a published report: J/
"The escarpment along the Balcones fault zone tends doubtless

to increase the rainfall in its vicinity to some extent, be-

cause it forces warm moist air from the Gulf to rise, then to

expand and cool, thus inducing heavy rainfall. The possible

effect of the escarpment may be exaggerated, because whenever

intense rains occur in that area, terrific floods are likely

to follow, not because the rain was greater in volume or in-

tensity than often occurs in the coastal area, but because of

the steepness of the slopes, the shallowness and rocky character

of the soil, and the narrow flood plains of the stream channels0 "

38. Table 15 gives peak discharges and flood volumes of some of

the larger floods at selected gages in the upper watersheds of river

basins in the vicinity of the Balcones Fault and in the study area

39. HYPOTHETICAL FLOOD HYDROGRAPHS.- In connection with the

determination of flood-control storage requirements, flood volume-

duration-frequency studies were made for the reservoirs, based on

gages throughout the area, in order to establish the degree of pro-

tection that would be afforded by varying amounts of flood-control

storage in each project. These studies were developed in accordance

with the method set forth in Section VI of "Statistical Methods in

_/ Dalrymple, Tate, and others, "Major Texas Floods of 1936." U0 S.

Geological Survey Water Supply Paper 816, page 10, Cause of floods.
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"Hydrology" by Leo R. Beard, dated January 1962, and recommended for
use in ER 1110-2-1450. Data obtained from the volume-duration-frequency
curves were used to construct hypothetical hydrographs for floods of
selected frequencies at each reservoir.

40. NATURAL RECHARGE CAPACITIES.

a. General.- Analyses of available data pertaining to
natural recharge capacities have been made for all streams that cross
the recharge zone of the Edwards Reservoir. The amount of data avail-
able varied considerably from one location to the next. It was possi-
ble to make more detailed analyses for some areas due to the presence
of stream gaging records both above and below the outcrop. Most of
these gages, however, have been in operation only a short time and
the recorded losses are not necessarily indicative of the maximum
recharge capacities. Estimates were made for streams without stream
gaging records by comparison with the recharge rates for adjacent
streams. In addition, use was made of published reports containing
estimated recharge rates for certain streams within the Edwards Under-
ground area. Preliminary analyses led to the elimination of some
streams from further investigation into the possibilities of recharge
reservoir construction. The major reasons for the eliminations were:

(1) the estimated natural recharge of a number of the streams repre-
sents a large percentage of the runoff; hence, improvement could not
increase the recharge significantly; (2) no suitable dam site was
available in several areas. The locations of the investigated projects
are shown on plate 4. The streams that were investigated in more de-
tail are as follows: Nueces River, Frio River, Sabinal River, Medina
River, Guadalupe River, and the Blanco River. Recharge characteristics
of these streams are discussed in the following paragraphs.

(1) Nueces River.

(a) The investigation of the recharge capacity of
the Nueces River is based on analyses of U. S. Geological Survey gage
records. Stream gaging records are available on the Nueces River and
the West Nueces River, a tributary to the Nueces River. The Laguna
gage on the Nueces River, which is located above the recharge zone, has
about 39 years of record. The Brackettville gage on the West Nueces
River, which is above the recharge zone, was installed in October 1940,
but was discontinued from October 1950 through March 1956. The Uvalde
gage on the Nueces River is located below the recharge zone and is
approximately 16 miles downstream from the confluence of the Nueces and
West Nueces River. As indicated by the gage near Brackettville, Texas,
there is seldom any flow in the West Nueces River except in periods of
heavy rainfall. By taking into consideration the recorded or estimated
flow of the West Nueces River, it is possible to estimate the recharge
rate for the Nueces River downstream from the recommended dam site.
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TABLE 15

FLOOD DATA

Peak Date Flood volume
Date of flood : discharge : o : passing gage

(co) : peak :acre-feet :(inches

;est Ilueces River near Brackettville - D.A. = 700 sq. ni.

June 1935 550,000(1) June 14 - -
June 16-19, 1950 104,000 June 17 104,400 2.80

(1) Measurement made by U. S. Geological Survey 10 miles above mouth.

Nueces River at Laguna - D.A. = 764 eq. mi.

June 13-18, 1935 213,000 June 14 277,900 6.82
September 15-19, 1936 114,000 September 16 111,890 2.74
July 13-15, 1939 222,000 July 13 89,000 2.18
September 24-27, 1955 307,000 September 24 153,810 3.77

Nueces River below Uvalde - D.A. = 1,947 sq. mi.

September 1-4, 1932 207,000 September 1 200,000 2.72(1)
June 13-18, 1935 616,000 June 14 461,700 4.48(1)
July 13-15, 1939 89,000 July 13 57,480 0.55
September 24-27, 1955 189,000 September 24 143,900 1.39
June 17-20, 1958 146,000 June 17 191,100 1.84

(1) Ieasurement was made at the gage near Uvalde-D.A. = 1,930 sq. mi.

Frio River at Concen - D.A. = 405 sq. mi.
July 1-6, 1932 162,000 July 1 150,620 6.97
June 13-18, 1935 106,000 June 14 115,140 5.33
September 15-19, 1936 119,000 September 16 44,230 2.05

Frio River near Derby - D

July 2-8, 1932 230,000
May 29-June 8, 1935 68,300
June 13-22, 1935 50,500

Iabinal River near Sabinal

May 24-25, 1954 15,800
June 17-19, 1958 55,200
June 25-23, 1959 11,900

Sabinal iver at Sabina

??ay 24-26, 1954 15,900
June 17-20, 1958 73,300
June 26-29, 1959 15,900

.A. = 3,493 sq. mi.

July 4 528,080
June 2 261,600
June 16 251,660

- D.A. = 206 sq. mi.

May 24 5,460
June 17 29,850
June 25 10,950

al-D.A. = 2:7 q. mi. (1)

lay 24 8, 050

June 17 42,230
June 26 11,250

(1) Gage is located below Balcones fault zone.

Hondo Creek near Tarpley - D.A. = 101 eq. mi.

May 24-26, 1954 10,600 May 24 2,030 0.39
September 22-24, 1957 25,300 September 22 6,900 1.28
June 17-20, 1958 69,800 June 17 26,400 1.90

Hondo Creek near Hondo - D.A. = 132 sq. mi. (1)

May 24-26, 1954 13,700 lay 24 2,600 0.37
September 22-24, 1957 20,500 Seotember 22 6,010 0.97
June 17-20, 1958 71,700 June 17 22,900 3.26

(1) Gage is located below Balcones fault zone.

Seco Creek near Utopia - D.A. = 53 sq. mi.

September 22-25, 1957 12,100 September 22 3,310 1.18
June 17-20, 195i 52,600 June 17 13,770 4.87

Seco Creek near D'Hanin - D.A. = 87 sq. mi. (1)

ay, 1935 230,000(2) ay ,31 - -
September 22-24, 1957 12,400 september 22 3,750 0.31
June 17-19, 1958 72,000 June 17 20,020 4.32

(1) Gage located below Balcones fault zone.
(2) Iieacurement made by U. S. Geological Survey 11 miles above D'Hanis)

Iledina River near Pipe Creek - D.A. = 174 sq. mi.

July 1-5, 1932 64,000 July 1 81,880 3.24
July 24, 1935 40, 400(1) July 24 , - -
June 17-19, 1953 37,100 June 17 30,660 1.21

(1) Station abandoned July 25.

Guadalupe River at Comfort - D.A. = 836 r:q. mi.

July 1-3, 1932 182,000 July 1 136,070 3 35(1)May 25-28, 1944 59,1100 lay 26 49,030 1.10
September 10-12, 1952 38,600. September 10 19,840 0.44

October 4-7, 1959 93,200 October 4 56,900 1.28

(1) Measurement was made at gage near Comfort - 'D.A. = 752 sq. mi.
Note: Gage was not operating during 1933 floor.

Guadalupe River near' prin Dranich - D.A. = 1,232

July 2-1, 1932 121,000 July 3 19-, 2.

June 13-17, 1935 111,000 June 13 179,520 2.53
I:ay 25-29, 191't 28,000 lay 27 22,910 0.02
September 10-13, 1952 66,900 September 11 119,1(0 1.711
October 4-8, 1959 42,500 October 5 6,270 1.00

Blanco river at Ilimberley - D.A. = 353 nq. mi.

lay 23-31, 1929 113,000 lay 28 301,630 4.50
Oepteriber 11-14, 1952 95,000 September 11 77,840 1.13
April 24-26, 1957 62,600 April 24 27,990 1.1:9
1-y 2-5, 1958 9 00 ay 2 'x3,700 2.36
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2.83
1.40
1.35

0.50
2.72
1.00

0.61
3.19
0.85



(b) During a 5-day period from August 31 to
September 5, 1942, the average daily infiltration rate varied from over
300 second-feet to over 1600 second-feet. On October 20, 1962, the
average daily flow at the Laguna gage was 901 second-feet,. with a peak
discharge of 3210 second-feet. All of this flow was lost to the under-
ground reservoir in crossing the recharge zone. The above recharge
values are examples of the infiltration that has been experienced in
the Nueces River channel below the recommended dam site.

(2) Frio River.

(a) Stream gaging records are available on the Frio
River and Dry Frio River, above the 'recharge zone. The Concan gage on
the Frio River, which is located above this zone, has about 39 years of
record. The Reagan Wells gage on the Dry Frio River, however, was not
installed until September 1952. The Dry Frio River enters the Frio
River a short distance downstream from the lower edge of the recharge
zone. Approximately five miles downstream from the confluence of the
Dry Frio with the Frio River the Geological Survey installed a stream
gage on the Frio River near Uvalde. By use of these gages it was
possible to estimate the recharge rate for the Frio River.

(b) On July 17, 1955, the average daily flow at
the Concan gage was 447 second-feet, with a peak discharge of 2670
second-feet; all of this flow was lost to the Udwards Underground
Reservoir. An average daily flow of 728 second-feet, having a peak
of 3500 second-feet, was lost to the underground on October 20, 1962.
The above losses are the only examples of high rates of recharge
since the gage has been installed below the recharge zone on the
Frio River.

(3) Sabinal River.

(a) Stream gaging records are available above the
recharge zone since October 1942, and below the recharge zone since
September 1952.. There are no large tributaries entering the Sabinal
River between the gages; therefore, the recharge was estimated to be
the difference in the amount of flow passing the two gages.

(b) The losses on the Sabinal River varied from
500 second-feet to 300 second-feet for a five day period from July 16
through July 20, 1960. On May 6, 1963, the average daily flow was 406
second-feet, having a peak of 1010 second-feet; all of this flow was
lost to the underground. The recommended dam site is located within
the loss area; therefore, it is expected that the recharge rate will
increase due to the large area of exposed limestone that is within
the reservoir storage limits.

40



(4) Medina River.

(a) The two major loss areas in the Medina River

Basin are the Medina Reservoir, and the small diversion dam that is
located approximately four miles downstream from the main reservoir.
As stated in a published report: /

"The two components which make up this loss have different
characteristics. The loss on the main reservoir would be ex-
pected to vary with the stage of the water in the reservoir,
whereas the loss from the diversion reservoir is more or less a
constant, continuing whenever the reservor is being used, be-
cause it operates with very little variation in head. . . ..

"On a falling stage the combined losses in the two reser-
voirs vary from about 50 second-feet (whenever there is more
than 30,000 acre-feet in storage) to something in excess of

120 second-feet when the reservoir is full. When the stage is
rising the losses vary from about 90 second-feet to more than
165 second-feet.

"As indicated above, the losses from the diversion reser-
voir and the channel downstream are independent of stage in the
main reservoir, and are more or less constant as long as water
is being supplied to the canal. Without additional information
it was assumed that this loss would be a constant . . . and
would amount to about 25 second-feet."

(b) It is noted that the above data and conclus-

ions were reviewed and adopted by Guyton in a report dated 1958, /
In the 1958 report, several additional years of record were evaluated,

and found to generally substantiate the original findings. This office
also reviewed the original computations, examined the latest available
records and found Lowry's original computations to be satisfactory.

(5) Guadalupe River.

"The Guadalupe River, in contrast to most of the other
streams crossing the Balcones fault zone, apparently does
not lose significant quantities of water to the Edwards lime-
stone. . . . Investigations to determine seepage losses have

1/ Lowry, R. L., 1953 "Hydrologic Report Medina River Above the
Applewhite Dam Site." Consulting Engineer's Report to San
Antonio City Water Board.

William T. Guyton and Associates, March 1958, "Leakage from
Medina Lake, Medina County, Texas."
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"failed to disclose losses greater than those that might be
expected from evapo-transpiration. However, there are minor
losses and gains in various reaches of the river . . ." 1/

(6) Blanco River.

"Records of the discharge of the Blanco River at Wimberley,
which is above the outcrop of the Edwards, are available for
the period since June 1928. No continuous records of discharge
are available below the outcrop. Discharge measurements to
determine seepage losses or gains indicate that, with discharge
up to approximately 200 cfs at the gage, the loss in crossing
the outcrop of the Edwards limestone is about 15 cfs. -There-
fore, the limit of' infiltration in this section has been set
at 15 cfs regardless of flow above 200 cfs at the gage. All
flows up to 15 cfs are assumed to be recharge to the ground
water reservoir. ."3

b. Recommended Releases for Recharge.- The reservoirs
considered for the improvement of the recharge of the underground are
Montell, Concan, and Sabinal Reservoirs. The storage requirements
for these reservoirs were determined based on various release rates
covering resQnable ranges indicated by the gage records. It was
found that regardless of the release rate selected, there was only
a small difference in the storage requirements. This was due pri-
marily to the normally short duration of the surface runoff in this
area. The release rates which have been adopted for this study are
values which approach the maximum average daily losses that have
been experienced. The recommended rates for Montell, Concan, and
Sabinal Reservoirs are 1,000 second-feet, 750 second-feet and 500
second-feet, respectively. It is possible that these rates may
have to be adjusted after experience gained from the operation of
the reservoirs indicates more closely the actual recharge rates.

41. CHANNEL CAPACITIESO- Minimum channel capacities down-
stream from the Montell, Concan, Sabinal, and Cloptin Crossing
Reservoirs are shown on table 16.

3/ Petitt, B. M., Jr., and George, W. 0., 1956 U. S. Geological
Survey, "Ground Water Resources of the San Antonio Area, Texas,
A Progress Report on Current Studies," Texas Board of Water
Engineers Bulletin 5608, volume I.
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TABLE 16
CHWI'EL C11ACITIE

Ilinimw channel
DtraLL ; Location : capaci ie fa(cis)

NUECiES PRiIVL L'SIN

Ilucces

Frio

Sabinal

Frio

Nueces

Blanco

San Iarcos

Guadaluime

Nr Uvalde

Nr Cinonia (di s continued gage
above mouth of Tu.rkey Creek)

lir A she.rton

Cotulla

hr Tilden

Concan

Nr chbinaJ

Derby

Ca lliham

Hr Three Rivers

GU AD\ALUPE ITVER BASIN

Wimberley

Nr Kyle

Luling

Ottine

Gonzales

Nr Cuero

Victoria

(i) Channel
feet by

(2) Channel
feet by

capacity is restricted to approxinately
low water crossings on County roads.

capacity is restricted to approximately
low water crossings on County roads.

5,000 second-

6,000 sccond-
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5,000

6, 000

15,000

20,000

5,000

5,000

7,000

3,000

7,000

10,000

c,000

15,000(1)

15,000(2)

14,000

12,000

15, 000

20,000

12,000
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SURFACE -RESERVOIRS

42. EXISTING AND AUTHORIZED FEDERAL PROJECTS.- The existing and
authorized Federal projects in the study area are those of the Corps of
Engineers and the Soil Conservation Service. These projects are dis-
cussed in paragraph 8 and located on plate 13.

43. EXISTING NON-FEDERAL RESERVOIRS.- The existing non-Federal
reservoirs in the study area are discussed in paragraph 9 and located
on plate 13.

44. RECOMMENDED PLAN.- The recommended plan will provide controlled
recharge storage for the underground reservoir, additional water
supply storage and recreation facilities for the people of the Edwards
Reservoir area, and flood protection for the downstream areas of the
Nueces and Guadalupe River Basins. The storage allocations for the
reservoirs are given in table 17. Location of the recommended reser-
voirs is shown on plate 13. Reservoirs recommended in the plan of
improvement are as follows:

a. For authorization and construction by the Federal
Government:

(1) Montell Reservoir on the Nueces River for flood-
control, water supply, recharge, and for recreation and fish and wild-
life purposes, including a channel dam and a pipeline for water supply
to downstream areas of the Nueces River Basin. -Detailed pertinent data
are shown. in table 18.

(2) Concan Reservoir on the Frio River for flood-control,
recharge, and recreation purposes. Detailed pertinent data are shown
in table 19.

(3) Sabinal Reservoir on the Sabinal River for flood-
control, recharge, and recreation purposes. Detailed pertinent data
are shown in table 20.

(4) Cloptin Crossing Reservoir on the Blanco River for
flood-control, water conservation, recreation, and fish and wildlife
purposes. Detailed pertinent data are shown in table 21.

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

45. AREA AND CAPACITY OF THE RESERVOIRS.- The area and capacity
of the reservoirs investigated for this study were determined from
available topographic maps of the reservoir sites. The topographic
maps were planimetered and the area at and below each mapped contour
was plotted versus elevation to form area-elevation curves. Areas were
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picke. from these curves at l-foot intervals and capacities were com-
p uted therefrom by the average end area method. Tabulations of initial
areas and capacities are given in tables 22 through 26 for Montell,
Concan, Sabinal, Dam No. , and Cloptin Crossing Reservoirs0

46.oDETERMINATION OF RESERVOIR INFLOWS.- Monthly flows were de-
termined at the existing and investigated reservoir sites in the Edwards
Reservoir area for periods including a reasonably representative cycle
of floods and runoff deficiency in the vicinity of the reservoirs. The
monthly flows were based on: (1) existing conditions of runoff, general-
;ly determined from.observed records at stream-gaging stations, and (2)
runoff under 2025 conditions of watershed development 0 Because of the
small consumptive use of surface water in the area and because total
surface reservoir capacity in the basin was very small prior to 1962,
it was considered that historical runoff was the same as runoff under
existing conditions of watershed development 0  It was, however, neces-
sary to adjust existing flows to 2025 conditions for water supply
studies0  The United States Study Commission Texas had previously
determined 2010 flows at the Canyon Dam site on the Guadalupe River
and at the Wimberley Dam site (approximately 10 miles downstream from
Cloptin Crossing) on the Blanco River for the period 1941-1957. The
factors adopted by the USSC-T for the conversion of existing to 2010
conditions runoff were based upon thorough studies of future watershed
development The methods and procedures used were examined, found to
be acceptable, and the factors adopted for use in this report. Since
the U. S. Study Commission assumed that the watershed development for
these basis-!s would be substantially complete by 2010, these conversion
factors, relating natural to 2010 runoff, also relate natural to 2025
runoff0  Because of the proximity of the dam sites, the factors developed
for Canyon and Wimberley Dam sites were considered applicable to Dam
No0 7 and Cloptin Crossing Dam sites. Factors for the conversion of
natural to 2025 flow for the period prior to 1941 and subsequent to
1957 were determined in a manner similar to that for the 19411957
period0

47 The report of the U. S. Study Commission - Texas did not
recommend construction of reservoirs above the Balcones Fault Zone in
The Nueces River Basin and consequently studies for the report did not
determine whether anticipated watershed development would reduce future
runoff appreciably from that area. The studies of future conditions
depletion of runoff were accomplished for the U. S. Study Commission
Texas by the U. S. Bureau of Reclamatibn and were based upon procedures
hich that agency had developed in connection with its report on "Gulf

Basins Project, Texas."

48a These procedures and a discussion of them is presented in
Ann.crex (C-8) of the above report titled "Land Treatment, Pond and Minor
Rse rnvoi r and Floodwater Retarding Structure Depletions," dated August
.1958. According to the introduction to Annex (C-8),
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EXISTING AND

TABLE

RECOMMENDED RESERVOIRS

17

- EDWARDS UNDERGROUND RESERVOIR AREA

:Contributing : Storage capacity (acre-feet) : 2025

Reservoir: Stream River :drainage area: : : Yield

mile : (sq. mi..): Sediment :Conservation: F-C : Total : (cl's)

FEDERAL PROJECTS

Montell Nueces 401.6 TOT 12,000 1,000 239,300(1) 252,300 6

Concan Frio 226.2 391 7,800 0 141,200(1) 149,000 0

Sabinal Sabinal 42.3 210 4,200 0 89,100(1) 93,300 0

Canyon Guadalupe 303.0 1,425 28,100 366,400 346,400 740,900 133

Canyon

w/Dam 7 Guadalupe 303.0 301(2) 10,300 378,900 351,700 740,900 67

Cloptin

Crossing Blanco 32.5 307 9,200 274,900 119,900 404,000 59

LOCAL INTERESTS PROJECTS

Dam 7 Guadalupe 351.3 1,124 17,500 640,500 - 658,000 130

Dual-purpose storage (flood

Local area below Dam 7.

control and recharge).(1)

(2)



TABLE 18

MONTELL RESERVOIR
(RECOMMENDED)

LOCATION:
R.M. 401.6 on Nueces River in Uvalde
County, and about 2.5 mi. south of
Montell; about 11.5 mi. south of
Camp Wood, Texas

DRAINAGE AREA:

DAM:
Type:

Length:
Max. height:
Top width:

SPILLWAY:
Crest:
Length:
Type:
Control:

707 sq. mi.

Rock fill w/spwy near
left abutment

7,360 ft.
158 ft.

30 ft.

1331.0 ft. msl
960.0 ft.

Broadcrested
None

INFLOW:
Spillway design flood peak, cfs
Spillway design flood volume,

ac-ft
Spillway design flood runoff, inches

OUTF'LOW: (El. 1366.0)
Total routed peak outflow, cfs
Spillway
Outlet works

OUTLET WORKS:
Type:
Dimension:
Control:
Invert:

893,900

821,300
21.78

581,000
570,600
10,400

1 gate controlled conduit
15' diameter
3 - 5'8" x 12'0" tractor-typegates
12:.6vo ft msl

POWER FEATURES:
None

RESERVOIR DATA
Reservoir capacity

: Elev : Reservoir : Accumu- : : Incre- : Spillway : Outlet works
Features : feet : area : lative Runoff : mental : capacity : capacity

: msl (acres) : (ac-ft) : (inches) :(ac-ft) (cfs) : (cfs)

Top of dam
Maximum water surface
Flood control pool
Spillway crest
Conservation pool
Sediment reserve

Total storage
Maximum tailwater
Streambed

1371.0
1366.0
1331.0
1331.0
1237.0

1257.4
1216.0

10,180
6,200
6,200

260

533,100
252,300
252,300

2,200

14.14
6.69
6.69
0.06

570,600
239,300 0

0
1,000 0
12000(1)

252,300

. 10,400(2)
10,350
10,350
3,400

Sediment distributed as follows:
1,200 ac-ft below el. 1237.0

10,800 ac-ft between el. 1237.0 and 1331.0

(2) 0/W submerged by tailwater(1)



TABLE 19

CONCA RESERVOIR_
(RCOM-M'ENDED)

LOCATION:
R.M. 226.2 on Frio River in
Uvalde County, and about 1.0
mi. northeast of Concan, Tex.

DRAINAGE AREA:

DAM:
Type:

Length:
Max. height:
Top width:

SPILLWAY:
Crest:
Length:
Type:
Control:

391.0 sq. mi.

Rock 'fill w/spwy near
right abutment

2,955 ft.
164.o ft..
30 ft.

1366.5 ft msl
1030 'ft.
Broadcre sted
None

IFLOW:
Spilwry design flood peak, cfs
Spillway design flood volume, ac-ft
Spillway design flood runoff, inches

OUTFLOW: (El. 13914.2)
Total routed peak outflow, cfs
Spillway
Outlet works

OUTLET WORKS:
Type:
Dimension:
Control:
Invert:

1 gate-controlled conduit
13' diameter
2 - 6' x 13'tTractor-type gates
120.0 ft. nmsl

POWER FEATURES:
None

RESERVOIR DATA
Reservoir capacity

: Elev : Reservoir : Accumu- : Incre- : Spillway - : Outlet works

Features : feet : area : lative : Run-off : mental : capacity capacity

ms.l (acres) (ac-ft) :(inches) : (ac-ft) : (cfs) : (cfs)

Top of dam
Maximum water sur-

face
Flood control pool
Spillway crest
Sediment reserve

Total storage
Maximum tailwater
Streambed

1399.5

1394. 2
1366.5
1366.5

1283.3
1240.0

5,670
3,830
3,830

280,600
149,000
1)9,000

13.46
7.15
7.15

141,200

y,800
T149,00

425,300
0
0

7,700(1)
8,000
8,000

(t) o/W submerged by tailwater.

592, 500
h89, 100

23.17

433,000
425,300
7,700



TABLE 20

SABINAL RESERVOIR
TRECOMMNENDEP)

LOCATION:
R.M. 42.3 on Sabinal River in
Uvalde County and about 11.0
mi. north of Sabinal, Texas

DRAINAGE AREA:

DAM:
Type:

Length:
Max. height:
Top width:

SPILLWAY:
Crest:
Length:
Type:
Control:

210 sq. mi.

Rock fill w/gated spwy
in river channel

2,150 ft.
114 ft .
30 ft.

1196.5 ft. msl
240 ft. net @ crest
Ogee
6 - 40' x 30' tainter gates

INFLOW:
Spillway design flood peak, cfs
Spillway design flood volume, ac-ft
Spillway design flood runoff, inches

OUTFLOW: (El. 1238.8)
Total routed .peak outflow, cfs
Spillway
Outlet works

OUTLET WORKS:
Type:
Dimension:
Control:
Invert:

2 sluices
3' x 6'
2 - 3' x 6' slide gates
1130.0 ft. msl

POWER FEATURES:
None

RESERVOIR DATA
Reservoir capacity

: Elev : Reservoir : Accumu-: Incre- : Spillway : Outlet works
Features : feet : area : lative : Runoff :-mental : capacity : capacity

msl (acres) (ac-ft) :(inches) (ac-ft) (cfs) (cfs)

Top of dam
Maximum water surface
Flood control pool(2)
Spillway crest
Sediment reserve

Total storage
Maximum tailwater
Streambed

1244.0
1238.8
1226.5
1196.5

1179.0
1130.0

3,860
2,990
1,320

135,200
93,300
30,100

12.07
8.33
2.69

89,100

4,200
93,300

270,600
156,200

0

o(i)
1, 730
1,420

(1) Outlet works inoperative during routing of spillway design flood
(2) Also top of gates

U'
0

381,800
249,000

22.23

270,600
270,600

0
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TABLE 21
CLOPTIN CROSSING RESERVOIR

(RECOMMENDED)

the Blanco River about

Wimberley, Texas, in

307 s q. mi.

Rolled earth fill w/spwy in
saddle near left abutment.0
8,280 ft.
200 ft.
30.0 ft.

998.0 ft. msl
760.0 ft.
Broadcrested
None

INFLOW:
Spillway design flood peak, cfs
Spillway design flood volume, ac-ft
Spillway design flood runoff, in.Q

OUTFLOW: (El. 1017.5)
Total routed peak outflow, cfs
Spillway
Outlet works

LOCATION
R.M. 32.5 on
2.5 mi. S.W.
Hays County

DRAINAGE AREA:

DAM:

Type:

Length:
Max. height:
Top width:

SPILLWAY:
Crest:
Length:
Type:
Control:

414,900
353,000
21. 56

196,400
187,200

9,200

1 gate controlled conduit
13 diameter
855'0 ft. msl
2 - 61o" x 13'0" (tractor-type gates)

POWER FEATURES:
None

RESERVOIR DATA
Reservoir capacity

Reservoir: Accumu- : : Incre-

a r ea e
(acres) :

lative : Runoff : mental
(ac-ft) :(inches) :(ac ='t)

Spillway
capacity 
(cg's)

Outlet works
capacity
(cfs)

Top of Dam 1023.0
Maximum water surface 1017.5 9,600 573,000 35.00 1879200 9,200
Flood control pool 998.0 7,730 404,000 24.67 119,900 0 8,600
Spillway crest 998.0 7,730 404,000 24.67 0 8,600

Conservation pool 980.5 6,060 283,400 17.31 274,900 0 8,000
Sediment reserve 9,200*

Total storage 404,000
Maximum tailwater 868.8
Streambed 823.0

*Sediment distributed as followsY 8,500 ac-ft below El. 980.5; 700 ac-ft between El. 980.5 and

.El. 998.0.

OUTLET WORKS:
Type:
Dimension:
Invert:
Control:

U'

Feature
Elev.
feet
msl

:Q
:4



TABLE 22

EDWARDS UNDERGROL D RESF2&0IR
NUECES RIVER

MONTELL RESERVOIR
R. M. 401.6

AREA AND CAPACITY DATA

El 0 1 2 3 4 5 6 7 9

AREA - ACRES

1210 0 2 5 9
1220 13 20 30 42 54 68 84 102 117 134
1230 153 168 183 196 212 226 241 256 273 292
1240 314 342 370 400 429 462 494 526 559 591

1250 623 656 687 720 752 785 818 853 887 924
1260 962 1,004 1,049 1,097 1,147 1,200 1,253 1,308 1,364 1,419
1270 1,476 1,528 1,588 1,649 1,712 1,774 1,842 1,908 1,973 2,042
1280 2,109 2,176 2,246 2,314 2,386 2,456 2,526 2,598 2,672 2,746
1290 2,819 2,892 2,964 3,038 3,114 3,190 3,266 3,344 3,422 3,502

1300 3,578 3,653 3,728 3,803 3,877 3,953 4,029 4,106 4,184 4,263
1310 4,343 4,427 4,513 4,603 4,694 4,788 4,886 4,982 5,076 5,164
1320 5,251 5,338 5,422 5,504 5,586 5,670 5,756 5,842 5,927 6,014
1330 6,098 6,196 6,292 6,392 6,492 6,593 6,693 6,794 6,898 7,oo4
1340 7,108 7,206 7,300 7,396 7,488 7,580 7,674 7,770 7,866 7,973

1350 8,083 8,186 8,298 8,416 8,536 8,658 8,784 8,914 9,044 9,174
1360 9,323 9,454 9,595 9,737 9,885 10,032 10,180 10,330 10,475 10,616
1370 10,762 10,904 11,045 11,186 11,325 11,457 11,593 11,731 11,869 12,007
1380 12,154 12,296 12,440 12,584 12,728 12,868 13,008 13,150 13,298 13,451
1390 13,608 13,778 13,954 14,127 14,306 14,488 14,670 14,852 15,034 15,216

1400 15,398 15,600 15,790 15,980 16,180 16,380 16,590 16,800 17,010 17,''0
1410 17,420 17,640 17,860 18,080 18,300 18,530 18,750 18,980 19,210 19,440
1420 19,670 19,910 20,150 20,390 20,640 20,890 21,150 21,420 21,700 21,980
1430 22,260 22,540 22,830 23,120 23,420 23,710 24,010 24,310 24,610 24,910
1440 25,197

El 0 1 2 3 4 5 6 7 8 9
CAPACITY - ACRE-FEET

23
758

3,038

7,679
15,556
27,616
45,424
70,007

101,938
141,496
189,426
246,158
312,115

387,964
474,676
575,021
689,596
818,299

963,226
1,127,185
1,312,520
1,521,715
1,758,904.

39 64
918 1,094

3,366 3,722

8,319 8,991
16,539 17,565
29,118 30,676
47,566 49,777
72,803 75,791

105,554 109,244
145,881 150,351
194,720 200,100

252,305 258,549
319,272 326,525

396,098 404,340
484,064 493,588
585,854 596,828
701,821 714,18?
831,992 845,858

978,725 994,420
1,144,715 1,162,465
1,332, 310 1,352,340
1,544,115 1,566,800

100
1,284
4,107

9,695
18,638
32,294
52,057
78,792

113,010
154,909
205,563
264,891
333,873

412,697
503,254-
607,944
726,701
859,898

1,010,305
1,180,435
1,372,610
1,589,775

148
1,488
4,521

10,431
19,760
33,974
54,407
81,868

116,850
159,557
211,108
271,333
341,315

421,173
513,065
619,200
739,357
874,114

1,026,385
1,198,625
1, 393,125
1,613,045

209
1,707
4,967

11,199
20,934
35,717
56,828
85,020

120, 765
164,298
216,736
277,875
348,849

429,770
523,023
630,591
752,155
888,511

1,042,665
1,217,040
1,413,890
1,636,610

0
285

1,941
5,445

12,l001
22,160
37,525
59,319
88,248.

124,756
169,135
222,449
284,518
356,476

438,491
533,129
642,116
765,093
903,090

1,059,150
1,235,680
1,434,910
1,660,470

1
378

2,189
5,955

12,837
23,440

39,400
61,881
91,553

128,824
174,069
228,248
291,262
364,198

447,340
543,384
653,778
778,172
917,851

1,075,845
1,254,545
1,456,195
1,684,630

5
488

2,453
6,497

13,707
24,776
41,340
64,516
94,936

132,969
179,098
234,132
298,108
372,016

456,319
553,786
665,578
791,396
932,794

1,092,750
1,273,640
1,477,755
1,709,090

12
614

2,735
7,072

14,613
26,168
43,348
67,225
98,398

137,193
184,218
240,102
305,059
379,936

465,428
564,332
677,516
804,770
947,919

1,109,865
1,292,965
1, 499, 595
1,733,850

D.A. = 707 sq. mi., determined by subtracting area between Laguna Gage and Montell Dam Site from D. A. at Laguma
Gage. (Delineated on Quads. Barksdale, Davenport Hill, Turkey Mountain, and York Hollow; scale 1:62,500).

52

1210
1220
1230
1240

1250
1260
1270
1280
1290

1300
1310
1320
1330
1340

1350
1360
1370
1380
1390

1400
1410
1420
1430
14-10



TABLE 23

EDWARDS UNDERGROUND RESERVOIR

CONCAN RESERVOIR
R.M. 226.2 - Frio River
DRAINAGE AREA 391 SQ. MI.
AREA AND CAPACITY CURVES

Elev. 0 1 2. 3 4 5 6 7 8 9

AREA (ACRES)

1240 0 1 2 4 6 8 10 15 18 19
1250 20 23 25 30 36 37 40 42 45 50
126o 57 60 70 80 90 100 110 125 140 150
1270 165 175 185 203 216 228 243 265 271 283
1280 302 312 328 345 358 374 392 408 426 444
1290 463 482 501 522 544 564 586 608 630 654
1300 675 705 732 762 790 821 852 883 914 945
1310 976 1,010 1,040 1,073 1,108 1,141 1,176 1,210 1,245 1,278
1320 1,315 1,355 1,4oo 1,441 1,486 1, 530 1,580 1,626 1,678 1,727
1330 1,780 1,827 1,878 1,927 1,980 2,031 2,082 2,136 2,187 2,240
1340 2,290 2,350 2,400 2,452 2,508 2,558 2,614 2,672 2,726 2,781
1350 2,836 2,890 2,948 3,004 3,062 3,120 3,177 3,236 3,294 3,355
1360 3,414 3,474 3,540 3,603 3,671 3,736 3,798 3,860 3,928 3, 993
1370 4,o6o 4,120 4,190 4,259 4,324 4,393 4,463 4, 532 4,6oo 4,668
1380 4,740 4,803 4,866 4,930 4,994 5,o6o 5,125 5:190 5,258 5,325
1390 5,393 5,460 5,526 5,593 5,653 5,730 5,800 5,868 5,938 6,008
1400 6,083 6,150 6,223 6,300 6,380 6,461 6,543 6,625 6,710 6,797
141o 6,880 6,970 7,054 7,.142 7,228 7,320 7,412 7,500 7,592 7,684
1420 7,747 7,825 7,900 7,975 8,050 8,125 8,205 8,285 8,365 8,445
1430 8,525 8,605 8,690 8,775 8,855 8,940 9,025 9,115 9,205 9,295
1440 9,384 9,475 9,570 9,665 9,755 9,845 9,935 10,030 10,125 10,215
1450 10,305 10,395 10,485 10,575 10,670 10,760 10,850 10,945 11,035 11,125
1460 11,218

Elev. 0 1 2 3 4 5 6 7 8 9

CAPACITY (ACRE-FEET)

1240
1250
1260
1270
1280
1290
1300
1310
1320
1330
1340
1350
1360
1370
1380
1390
1400
1410
1420
1430
1440
1450
1460

0
96

466
1,5o4
3,808
7,579
13,241
21,474
32,904
48,277
68,604
94,229

125,442
162,784
206,735
257,355
314,671
379,345
452,561
533,872
623,332
721,791
829,393

1
118
525

1,674
4,115
8,052

13,931
22,467
34,239
50,081
70,924
97,092
128,886
166,874
211,507
262,782
320,788
386,270

460,347
542,437
632,762
732,141

3
142
590

1,854
4,435
8,544
14,650
23,492
35,617
51,934
73,299

100,011
132,393
171,029
216,342
268,275
326,975

468, 209
551,085
642,284
742,581

6
170
665

2,o48
4,772
9,056

15,397
24,549
37,038
53,837
75,725
102,987
135,965
175,254
221,24o
273,835
333,237
400,380
476,147
559,817
651,902
753,111

11
203
750

2,258
5,124
9,589

16,173
25,640
38,502
55,791
78,205

106,020
139,602
179, 546
226,202
279,1458
339,577
407,565
484,159
568,632
661,612
763,733

18
240
845

2,48o
5,490

10,143
16,979
26,765
40, 010
57,797
80,738

109,111
143,306
183,905
231,229
285,150
345,998
414,839
492,247
577, 530
671,412
774,448

27
279
950

2,716
5,873

10,718
17,816
27,924
41,565
59,854
83, 324

112,260
147,073
188,333
236,322
290,915
352,500
422,205
500, 412
586,512
681,302
785,253

40
320

1,068
2,970
6,273

11, 315
18,684
29,117
43,168
61,963
85,967

115,467
150,902
192,831
241,48o
296,749
359,084
429,661
508,657
595,582
691,284
796,151

57
364

1, 201
3,238
6,690

11,934
19, 583
30,345
44,820
64,125
88,666
118,732
154,796
197,397
246,704
302,652
365,752
437,207
516,982
604,742
701,362
807,141

76
412

1,-46
3,515
7,125

12,576
20,513
31,607
46,523
66,339
91,420

122,057
158,757
202,031
251,996
308,625
3,2,5o6
444,845
525, 387
613,992
711,532
818,221

D.A. = 391 sq. mi., determined by subtracting D.A. between site at R.M. 225.0 and site at R.M. 226.2 from

area determined by U.S.G.S. for site at R.M. 225.0. Reservoir area determined from A.M.S. Quadrangle

"Magers Crossing, Texas," scale 1:24,000.
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TABLE 24

EDWARDS UNDERGROUND RESERVOIR
SABINTAL DAM SITE

Sabinal R. 11. 42.3
AREA AkD CAPACITY CURVEI7

TElev.( fi): O : 1 :. 7 : 3 : e4 : A 5c:re:" s:

Area - Acres

14
86

176
338
530
778

1,136
1,568
2,116
2,710
3,346
4,106
4,906
5,804
6,766
7,760
8,788
9,840

10,844
11,916
13,000
14,130

21
94

188
357
552
8.o

1,176
1,610
2,174
2,770
3,416
4,184
4,992
5,898
6,864
7,860
8,892
9,940
10,948
12,024
13,110
14,246

28
102
201
376
574
844

1,216
1,668
2,232
2,832
3,488
4,262
5,080
5,992
6,962
7,962
8,998

10,040
11,052
12,132
13,222
14,362

35
110
215
395
596
878

1,256
1,720
2,290
2,8914.
3,562
4,340
5,166
6,086
7,060
8,064
9,104

10,140
11,160
12,240
13,3341
14,480

42
119
230
414
620
914

1,298
1,774
2,350
2,956
3,638
4,419
5,256
6,182
7,160
8,166
9,210

10,240
11,268
12,348
13,446
14,598

49
128
246
433
644
950

1,340
1,830
2,410
3,018
3,716
4,499
5,346
6,278
7,260
8,268
9,318

10,340
11,376
12,456
13,558
14,716

56
137
263
452
668
986

1,384
1,886
2,470
3,082
3,794
4,579
5,436
6,374
7,360
8,372
9,426

10,41.0
11,484
12,564
13,672
14,834

63
146
281
471
694

1,022
1,428
1,942
2,530
3,11-6

3,872
4,659
5,528
6,472
7,460
8,476
9,534

10,540
11,592
12,672
13,786
14,954

Elev.(ft): 0 1 : 2 : 34 : 5 : 6 : 7 8 9

Capacity - Acre-feet

3
424

1,622
3,963
8,104

14,331
23,496
36,511
54,306
77,822

107,404
143,839
188,050
240,649
302,495
374,111
455,791
547,917
650,318
763,017
886,498

1,020,978

14 31 56
506 596 694

1,792 1,974 2,169
4,292 4,639 5,006
8,624 9,165 9,728

15,094 15,888 16,715
24,613 25,769 26,965
38,055 39,648 41,291
56,393 58,538 60,741
80,502 83,242 86,043

110,716 114,097 117,549
147,906 152,051 156,274
192,914 197,863 202,899
246,407 252,258 258,203
309, 12 316,027 322,940
381,821 389,631 397,542
464,527 473,367 432,312
557,707 567,597 577,587
661,111 672,007 683,007
774,879 786,84+9 798,927
899,1443 912,498 925,664

1,035,050 1,049,238 1,063,542

87
800

2,377
5,391

10,313
17,576
28,201
42,985
63,002
88,906

121,074
160,575
208,023
264,242
329,951
405,555
491, 363
587,677
694,113
811,113
038,942

1,077,963

Drainage Area = 210 sq. mi., determined by adding the drainage area
R.M. 42.3 to the drainage area at the original site as determined
determined from A.M.S. map "SAN ANTONIO, TEXAS", scale 1:250,000.

126 171
914 1,038

2,599 2,837
5,796 6,219

10,921 11,553
18,472 19,404
29,478 30,797
44,732 46,534
65,322 67,702
91,831 94,818

124,674 128,351
164,954 169,413
213,235 218,536
270,376 276,606
337,061 344,271
413,670 421,887
500,520 509,784
597,867 608,157
705,327 716,649
823,407 835,809

952,332 965,834
1,092,502 1,107,159

224
1,170
3,091
6,661

12,209
20,372
32,159
48,392
70,142
97,868

132,106
173,952
223,927
282,932
351, 581
430,207
519,156
618,547
728,079
848,319
979,449

1,121,934

283
1,312
3,363
7,123

12,890
21,376
33,565
50,306
72,642

100,982
135,939
178,571
229,409
289,355
358,991
438,631
528,636
629,037
739,617
860,937
993,178

1,136,828

between original site and site at
by the USSC-T. Reservoir areas
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1130
1140
1150
1160
1170
1180
1190
1200
1210
1220
1230
1240
1250
1260
1270
1280
1290
1300
1310
1320
1330
1340
1350

0
70

155
300
490
720

1,060
1,473
2,000
2,590
3,210
3,950
4,739
5,620
6,570
7,560
8,580
9,644

10,640
11,700
12,780
13,900
15,074

7
78

165
319
510
748

1,098
1,520
2,058
2,650
3,278
4,028
4,822
5,712
6,668
7,660
8,684
9,740

10,742
11,808
12,890
14,014

1130
1140
1150
1160
1170
1180
1 190
1200
1210
1220
1230
1240
1250
1260
1270
1280
1290
1300
1310
1320
1330
1340
1350

0
350

1,462
3,654
7,604

13,597
22,417
35,015
52,277
75,202

104,160
139,850
183,270
234,983
295,876
366,501
447,159
538,225
639,627
751,263
873,663

1,007,021
1,151,842



TABLE 25

ED'ARDS UTDERGROIJYD REIRVOIR
DAN j"7 RESERVOIR

R.M. 351.3 Guadalupe River
AREA A D CAPACITY CURVES

elev.ft 0 1 : 2 : : : 5 : 7 u : 9

Area - Acres

1050 0 1 3 4 6 8 10 12

1060 15 18 21 23 26 29 32 36 40 44
1070 49 53 57 61 66 71 76 82 88 94

1080 101 108 117 126 135 144 153 163 173 183
1090 193 204 214 224 235 246 257 268 279 291
1100 303 315 327 340 353 367 381 395 409 423
1110 438 454 470 487 504 522 542 563 585 608
1120 631 655 680 706 733 761 789 818 846 875
1130 904 933 964 995 1,026 1,057 1,088 1,120 1,151 1,183
1140 1,215 1,252 1,291 1, 330 1,370 1,410 1, 450 1,490 1, 531 1,572
1150 1,614 1,657 1,700 1,743 1,787 1,833 1,880 1,928 1,976 2,023

1160 2,070 2,124 2,180 2,240 2,302 2,367 2, 436 2, 507 2, 580 2,656
1170 2,732 2,808 2,885 2,963 3,043 3,124 3,205 3,286 3,368 3,451
1180 3, 534 3,632 3,730 3,828 3,925 4,020 4,120 4, 220 4, 326 4,430
1190 4,538 4,645 4,750 4,855 4,960 5,070 5,175 5,285 5,400 5,520
1200 5,638 5,770 5,910 6,050 6,195 6,350 6,500 6,655 6,815 6,975
1210 7,145 7,310 7,475 7,645 7,815 7,985 8,155 8,325 8,500 8,670
1220 8,844 9,015 9,190 9,360 9,535 9,710- 9,890 10,070 10,245 10,425

1230 10,605 10,785 10,965 11,145 11,325 11,510 11,695 11,880 12,060 12,245
1240 12,431 12,615 12,800 12,985 13,170 13,355 13,545 13,735 13,925 14,115

1250 14,310 14,505 14,700 14,895 15,090 15,290 15,495 15,705 15,915 16,130
1260 16,346 16,560 16,780 17,000 17,216 17,460 17,700 17,930 18,170 18,410
1270 18,660 18,930 19,210 19,490 19,790 20,100 .20,1420 20,760 21,130 21,550
1280 22,030

Elev.(ft) : 0 1 2 3 : 4 5 6 : 7 8 9

Capacity - Acre-feet

6 11
162 192
649 723

1,684 1,832
3,620 3,872
6,660 7,034

11,065 11,597
17,410 18,185
26, 469 27,541
38,703 40,133
54,869 56,725
75,691 78,093

103,048 106, 212
138, 578 142,646
183,968 189,090
240,619 247,044
312,122 320,192
400,563 410, 363
506,629 518,231
630,940 644,390

774,082 789,474
937,603 955,183

1,124,673 1,144,933

18
226
802

1,990
4,134
7,422

12,149
18,989
28,645
41,603
58,629
80,565

109, 458
146,818
194, 320
253,622
328,432
420,343
530,017
658,030
805,074
972,998

1,165,523

27 38
264 306
887 978

2,158 2,336
4,408 4,693
7,824 8,240

12,723 13,319
19,821 20,681
29,781 30,948
43,113 44,665
60,581 62, 581
83,109 85,727
112,785 116,195
151,091 155,469
199,662 205,122
260,357 267,252
336,844 345,429
430, 501 440,836
541,987 554,139
671,860 685,880
820,884 836,906
991,048 1,009,338

1,186,468 1,207,808

Drainage Area = 1,124 sq. mi., as determined by USSC-T and Consulting Engineer forf Guadalupe-Blanco

River Authority. Reservoir area determined from A.M.S. Quadrangle, Boerne, Texas", scale 1:62,500.
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1050
1060
1070
1080
1090
1100
1110
1120
1130
1140
1150
1160
1170
1180
1190
1200
1210
1220
1230
1240
1250
1260
1270
1280

52
352

1,076
2, 524
4,990
8,670
13,939
21, 571
32,147
46,258
64,627
88,1421
119,687
159,953
210,701
274,312

354,186
451, 351
566,477
700,092
853,144

1, 027,873
1,229,598

68
403

1,180
2,722
5,299
9,116

14,582
22,489
33,381
47,894
66,724
91,191

123, 270
164, 545
216,405
281,54o
363,116
462,046
579,000
714,500
869,597

1,046,668

0
88

458
1,292
2,931
5,620
9,578

15,250
23,437
34,653
49,572
68,876
94,037

126,951
169,243
222,245
288,932
372, 218
472,921
591,708
729,102
886,267

1,065,738

0
110
517

1,414
3,150
5,954

10,056

15,943
24,1417
35,963
51,294
71,086
96, 961

130, 730
174,045
228, 225
296,492
381,1493
463,976
604,600
743,900
903,157

1,085,088

2
134
581

1,544
3,380
6,300

10,552
16,663
25, 427
37,313
53,059
73,357
99, 964

134,606
178,953
234, 347
304,222
390,941
495,211
617,678
758,892
920,265

1,104,728



TABLE 26

EDWARDS UNDERGROUD RESERVOIR
CLOPTIN CROSSING RESERVOIR

BLANCO RIVER - Mile 32.5
AREA AND CAPACITY CURVES

Elev. 0 1 2 3 5 6 7 89

AREA (ACRES)

820 0 10 12 15 17 20 22

830 25 27 28 29 30 32 34 35 36 38
840 40 42 47 50 6 60 66 70 76 82
850 84 86 90 99 104 112 121 124 131 134
860 145 158 168 180 195 209 224 240 250 258
870 263 275 287 299 312 326 341 356 372 391
880 410 431 454 477 501 527 552 578 605 632
890 659 687 715 744 773 803 833 864 897 932
900 970 1, 013 1,057 1,102 1,147 1,194 1,242 1, 290 1, 340 1,391
910 1,440 1,491 1,542 1,592 1,644 1,697 1,752 1,807 1,862 1,915
920 1,967 2,018 2,071 2,122 2,174 2,225 2,275 2,325 2,376 2, 428
930 2,480 2,554 2,625 2,693 2,762 2,826 2,890 2,954 3,018 3,082
940 3,146 3,211 3,277 3, 341 3,403 3,465 3,524 3,583 3,642 3,704

950 3,770 3,838 3, 909 3,980 4,051 4,122 4,193 4,264 4,336 4,407
960 4, 478 4,546 4,614 4,684 4,755 4,827 4,900 4,972 5,o45 5,119
970 5,196 5,272 5,350 5, 430 5,510 5,589 5,672 5,757 5,839 5,924
980 6,013 6,110 6,203 6,297 6, 392 6,486 6,581 6,675 6,770 6,865
990 6,960 7,057 7,152 7,248 7,343 7,439 7,536 7,632 7,728 7,824
1000 7,920 6,016 8,112 8,208 8,304 8,400 8,496 8,592 8,688 8,784
1010 8,880 8,976 9,072 9,168 9,264 9,360 9,456 9,552 9,648 9,744
1020 9,840

Elev. 0 1 2 35 6 7 8
CAPACITY (ACRE--FEET)

820
830
840
850
860
870
880
890
900
910
920
930
940
950
960
970
980
990

1,000
1,010
1,020

125
446

1,056
2,171
4,255
7,551
12,843
20,905
32,886
49,892
72,129

100, 346
134,954,
176,178
224,477
280,424
345, 290
419,690
503,690
597,290

151
487

1,141
2,323
4, 525
7,972

13,516
21,896
34,352
51,884
74,646

103, 525
138,758
180,690
229,711
286,486
352, 299
427,658
512,618

179
532

1,229

2,483
4,806
8,414
14,217
22,931
35,868
53,929
77,235
106,768
142,631
185,270
235,022
292,643
359, 404
435,722
521, 642

0
207
580

1,323
2,665
5,099
8,879
14,946
24,011
37,435
56,025
79,894
110,077
146,576
189,919
240, 412
298,892
366,604
443,682
530,762

2

236
633

1,425
2,843
5, 404
9, 368

15,704
25,136
39,053
58,173
82,622

113, 450
150,592
194,639
245,882
305, 237
373,900
452,138
539,978

17
267
691

1,533
3,045
5,723
9,883

16,493
26, 306
40,723
60,372
85, 416
116,883
154,678
199, 430
251, 431
311,676
381,291,
460,490

549,290

36
300
754

1,649
3,263
6,056

10,422
17,310
27,524
42,448
62,623
88,274

120,378
158,835
204,293
257,062
318,209
388,778
468,938
558,698

56
334
821

1,771
3,494
6,x405
10,987
18,159
28,790
44,228
64,922
91,196

123,932
163,064
209,229
262,776
324,837
396, 362
477,482
568,202

78
370
894

1,899
3,739
6,769

11,578
19,039
30,105
46,062
67,273
94,182

127, 544
167,.364
214,237
268,575
331, 560
404, 042
486,122
577,802

101
407
973

2,032
3,99b
7,151

12,197
19,954
31, 471
47,951
69,675
97,232

131, 217
171,736
219, 320
274, 456
338, 377
411,818
494,858
587,498

D.A. = 307 sq. mi., determined from A.M.S. maps "SAN ANTONIO, TEXAS" and "LLANO, TEXAS", scale 1:250,000.

Reservoir area determined from Corps of Engineers, FWD, field survey topography map.
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"t0 D.®The runoff reductions were computed by reasonable
methods from available data. However, as will be apparent
from later exposition, available data are inadequate to
permit an accurate estimate of either past or future effects
of land use, land treatment, and minor reservoirs upon runoff.
Consequently, the computed depletions should be viewed as a
generous allowance for depletions which available data indi-
cates might happen or might have happened rather than as a
precise determination of what will happen, or has happened.
Future evaluation procedures may indicate smaller depletions."

Annex (C-8) indicates considerable coordination with the Soil Conser-
vation Service, the Agricultural Stabilization and Conservation Servi
ice, and the Texas Forest Service. The 1954 census of agriculture
published by the Department of Agriculture was also used extensively
as were data collected at the Agricultural Experiment Station at
Riesel and Spur, Texas, and at Guthrie, Oklahoma.

49. Although Annex (C-8) does not estimate future depletions
for the area in the upper Nueces River Basin, the procedures it pre-
sents allow the estimation of such future depletions for the drainage
area above Montell, Concan, and Sabinal Reservoirs. Our interpreta-
tion of these procedures and their application results in the finding
that only very small reductions in future runoff will take place, and
that for all practical purposes, existing conditions data, historical
data and future (2025) conditions data may be regarded as the same for
these three reservoirs. Monthly and annual values of estimated 2025
inflow for Montell, Concan, Sabinal, Dam No. 7, and Cloptin Crossing
Reservoirs are given in tables 27 through 31.

50- SEDIMENT CONTRIBUTING AREA o - All of the reservoir sites
studied for this report are located in the Edwards Plateau area
above the Balcones Fault zone. The following description of the area
is quoted from Bulletin 5912: -/

"The Edwards Plateau is a high limestone plain in southwest
Texas covering an area of about 22,000,000 acres. On the
northwest it merges with slightly higher areas of the High
Plains, and on the northeast joins the lower lying Rolling
Plains in a series of rock escarpments. On the east, it
merges with the Grand Prairie with little change in elevation.
On the southeast and south the plateau terminates in steep
rock slopes of the Balcones Escarpment, descending to the
level of the Blackland Prairies and. Rio Grande Plain. Annual

j "Inventory and use of Sedimentation Data in Texas," prepared by
the Soil Conservation Service, USDA, for the Texas Board of Water
Engineers (now the Texas Water Commission) January 1959.
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"rainfall decreases from 32 inches in the eastern section to
16 inches in the western section. Elevation ranges from
2,000 to 4,000 feet above mean sea level. Locally there
are some nearly level divides and smooth valleys, but generally
the area is made up of hilly, broken, and rough lands. Lime-
stone sinks are a feature of the nearly level divides, and
these areas are noncontributing so far as sediment is con-
cerned. The Edwards Plateau is dominantly range land and is
used almost exclusively for the raising of livestock. Some
cultivation is found on the nearly level divides where deeper
soils have developed in the eastern one-third of the area, but
less than 5 percent of the total area is in cultivation."

Over almost the entire area the surface consists of thin limestone
based soil. In places it is open prairie but most of the surface is
covered with a medium to thick growth of cedar, small oak, and mes-
quite with a varying growth of prickly pear and a consistent range of
grass and weeds.

51. SEDIMENT PRODUCTION RATES.- Annual sedimentation production
rates are generally considered to be low in the Edwards Plateau area.
Many of the streams are springfed and clear flowing except in times
of flood when flood plain scour and streambank erosion occurs. Esti-
mates based on Bulletin 5912 indicate that the average annual rate of
sediment production in the Edwards Plateau area varies from 0.065 to
0.038 acre-foot per square mile for drainage areas from 100 to 10,000
square miles, respectively. Due to the paucity of general sedimenta-
tion data for this area and the lack of suspended samples during
extremely high flash floods, the rates recommended in Bulletin 5912
have been increased. The 100-year sediment volumes and the estimated
distribution of the sediment in the reservoirs studied are shown in
table 32.

52. STORAGE REQUIREMENTS.

a. General.

(1) To determine the most effective and efficient means
cf recharge to the underground reservoir several plans of operation
were tested. Of the several investigated plans the immediate recharge
of stored flood water was determined to be the most effective in areas
of high natural recharge to the Edwards Reservoir. Under this plan,
releases from the reservoirs were limited to the estimated recharge
rates for the streams below the proposed dam sites. The estimated re-
charge rates for the Nueces, Frio, and Sabinal Rivers are 1,000 second-
feet, 750 second-feet, and 500 second-feet, respectively. It is noted
that the recommended releases are considerably less than the minimum
downstream channel capacities shown in table 16. Under this plan, the
surface reservoirs would beempty approximately 95 percent of the time;
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TABLE 27

ESTIMATED MOVIHLY AND ANNUAL FLOWS IN 1000 ACRE-FEET AT MONTELL DAM SITE - 2025 CONDITIONS

YEAR JANUARY FEBRUARY MARCH APRIL MAY JUNE JULY AGUST SEPTEMBER OCTOBER NOV4BER DECMBER TOTAL

1924 8.4 6.3 7.2 7.8 5.1 4.1 2.2 0.9 0.7 0.8 1.0 1.4 45.9
1925 1.8 2.2 2.3 1.8 36.4 13.1 4.5 2.1 2.3 14.1 8.9 5.2 94.7
1926 3.9 3.4 3.8 4.1 6.1 2.6 30.2 7.3 2.7 1.7 2.1 3.2 71.1
1927 3.5 8.4 6.8 7.8 3.4 3.9 3.8 1.6 0.8 13.8 3.0 2.5 59.3
1928 2.5 2.5 2.3 2.1 3.7 9.5 1.5 3.3 1.0 3.1 2.4 2.1 36.0
1929 1.8 1.6 1.7 1.6 16.5 6.3 6.3 2.0 1.8 1.1 1.0 2.0 43.7
1930 2.1 2.0 1.9 1.5 2.1 48.8 4.7 1.4 1.1 33.7 6.8 5.8 111.9
1931 5.9 11.2 9.1 9.9 24.5 8.8 14.7 9.7 4.8 3.6 3.5 3.8 109.5
1932 3.7 3.2 4.7 4.5 5.6 2.9 45.3 13.9 111.0 21.0 11.6 8.4 235.8
1933 7.3 5.8 5.5 4.3 3.6 2.9 1.6 1.0 1.1 1.3 1.3 1.7 37.4
1934 1.8 1.8 2.1 2.6 3.2 1.5 0.9 0.6 0.5 0.5 0.5 0.6 16.6
1935 0.8 1.0 1.2 1.3 49.4 297.7 22.3 12.8 21.1 9.3 6.6 6.7 430.2
1936 5.7 4.6 5.0 4.3 4.6 7.1 8.5 3.7 124.2 22.6 15.3 10.1 215.7
1937 7.2 5.2 6.5 5.3 3.7 4.5 2.8 1.9 1.3 1.6 2.2 15.2 57.4
1938 12.6 7.1 5.6 6.9 7.2 3.8 8.8 5.0 2.8 2.7 2.3 2.4 67.2
1939 3.1 2.6 2.7 2.3 2.0 1.5 89.9 8.1 4.2 21.4 4.3 4.5 146.6
1940 3.9 4.1 3.9 4.9 9.6 5.7 3.9 3.0 2.4 1.9 2.2 3.3 48.8
1941 3.2 3.3 4.2 6.9 13.7 7.2 8.0 4.6 4.5 13.6 6.3 4.8 80.3
1942 3.9- 3.0 3.0 3.1 5.4 3.0 2.3 3.3 22.8 22.7 9.6 6.6 88.7
1943 4.5 3.5 3.7 4.3 3.9 6.5 3.0 1.9 1.7 2.0 2.2 2.9 40.1
1944 4.5 4.8 7.0 5.9 4.5 3.7 2.1 1.8 11.7 5.6 3.5 3.8 58.9
1945 7.8 5.2 5.0 5.0 3.1 1.8 1.3 1.1 0.8 4.7 3.3 3.0 42.1
1946 3.1 2.9 2.6 2.3 4.0 7.4 3.2 1.3 1.5 22.3 6.5 4.5 61.6
1947 7.5 7.3 6.5 4.9 7.0 8.5 7.8 3.6 2.2 1.8 1.7 2.1 60.9
1948 2.3 2.5 2.6 2.3 2.2 2.7 14.3 1.9 1.2 1.4 1.5 1.6 36.5
1949 1.9 59.6 18.3 9.7 11.0 7.0 4.5 26.0 10.7 8.3 6.8 5.8 169.6
1950 5.4 4.7 4.3 3.4 4.2 5.0 3.8 2.8 2.6 2.7 2.3 2.6 43.8
1951 2.3 2.0 2.5 2.7 2.1 1.7 1.2 0.9 o.6 0.5 0.6 0.8 17.9
1952 1.0 1.1 1.4 4.4 6.2 2.4 1.2 0.8 o.6 0.4 0.4 0.5 20.4
1953 0.8 1.1 1.6 1.7 1.0 0.7 0.5 0.4 6.4 2.8 2.1 1.7 20.8
1954 1.5 1.3 1.2 2.0 10.1 20.5 9.5 2.9 1.5 1.6 1.3 1.3 54.7
1955 1.5 1.5 1.8 1.4 1.2 1.0 3.4 1.9 146.8 9.9 5.8 3.6 179.8
1956 2.8 2.3 2.2 1.7 1.5 1.0 0.8 0.5 0.5 0.6 0.3 0.3 14.5
1957 0.3 0.3 0.4 4.4 9.8 15.7 3.7 1.8 1.8 6.5 6.6 6.5 57.8
1958 6.7 9.6 16.2 8.2 8.8 60.1 17.9 8.5 50.2 28.5 23.2 14.5 252.4
1959 9.6 7.6 7.1 5.8 7.4 23.9 22.0 11.1 11.2 26.2 9.2 7.9 149.0
1960 7.8 8.0 7.6 6.0 5.2 3.4 5.7 16.5 8.2 13.3 15.2 11.7 108.6
1961 10.8 11.8 9.8 7.3 5.6 10.7 18.8 12.8 7.8 11.3 9.6 7.4 123.7
1962 6..o 4.7 4.6 4.2 3.3 5.2 2.4 1.5 1.3 -- -- -- (33.2)

Total 171.2 221.1 185.9 170.6 307.9 623.8 389.3 186.2 580.4 340.9 193.0 172.8 543.1
Average 4.4 5.7 4.8 4.4 7.9 16.0 10.0 4.8 14.9 9.0 5.0 4.5 91.4



TABLE 28

ESTIMATED MONTHLY AND ANNUAL FLOWS IN 1000 ACRE-FEET AT CONCAN DAM SITE - 2025 CONDITIONS

YEAR JANUARY FEBRUARY MARCH APRIL MAY JUNE JULY AGUST SEPTEMBER OCTOBER NOVEMBER DECEMBER TOTAL

1924
1925
1926
1927
1928
1929
1930
1931
1932
1933
1934
1935
1936
1937
1938
1939
1940

g 1941
1942
1943
1944
1945
1946
1947
1948
1949
1950
1951
1952
1953
1954
1955
1956
1957
1958
1959
1960
1961
1962

7.0
1.7
.2.7
2.9
1.9
1.5
2.2
6.5
4.6
8.0
2.5
1.5
6.7
7.6
8.0
2.5
2.5
3.5
5.0
4.0
3.0
8.1
2.7
6.3
2.4
1.7
3.3
1.2
1.2
1.7
1.0
0.8
0.8
0.1
5.5
7.9
6.2

10.1
4.2

5.3
1.9
2.3
8.8
1.9
1.1
2.1

10.6
5.1
5.8
2.1
1.5
5.4
5.9
6.2
2.3
2.8
4.1
14.0
3.0
2.9
6.4
2.6
5.4
2.4

26.8
3.1
1.4
1.1
1.3
0.8
0.9
0.7
o.4
8.3
5.5
5.8

12.6
3.3

7.4
2.0
2.7
9.2
2.0
1.2
1.9
9.6
7.5
5.5
2.3
1.5
5.2
7.0
5.9
2.3
2.7
5.2
3.8
3.2
5.14
6.1
2.4
5.0
2.4

10.6
3.3
2.2
1.4
1.2
0.7
1.0
0.7
1.6

12.5
5.0
5.7

10.7
3.1

8.3 9.4
1.8 4.7
3.2 2.7
6.6 4.7
1.8 2.2
1.0 4.0
1.6 2.2

12.5 25.1
5.6 7.5
4.4 4.2
3.7 3.9
1.8 61.8
5.2 5.7
5.3 4.0
5.5 6.3
1.8 1.4
4.3 6.7

14.5 20.0
5.5 7.1
3.4 2.9
4.5 6.2
6.8 5.7
2.2 3.0
5.0 5.9
1.9 1.7
7.9 6.8
2.8 2.9
2.2 7.3
1.8 2.5
0.9 0.4
0.6 10.3
0.6 2.5
0.5 0.3

10.2 5.4
6.4 5.5
4.9 5.2
4.9 4.2
7.4 5.4
3.3 3.1

6.0
2.6
2.0
3.7
1.9
2.7

32.7
8.9
4.4
3.14
1.4

141.8
5.5
5.0
4.1
1.1
5.3
8.6
3.8
3.3
7.1
3.1
2.1
9.14
1.8
4.9
2.5
2.5
1.6
0.1
3.4
0.8
0.1
8.1

30.2
22.2

2.8
12.6

5.0

2.7
1.2

26.4
3.2
0.9
3.9
4.9

25.8
168.0

2.3
1.0

33.6
5.3
3.0
3.1

22.2
6.4
5.8
3.3
2.4
3.6
2.0
1.7
6.4
1.7
3.1
1.7
0.8
0.7
0.1
2.6
2.2
0.1
1.9

12.4
14.1
5.4

10.7
1.7

1.3
1.1
5.2
2.1
2.5

1.5
8.7

12.1
2.1
0.9

14.3
3.14
2.0
2.4
5.4
2.8
9.2
3.3
1.3
4.4
1.2
0.8
3.3
0.8
3.0
1.4
0.4
0.2
0.2
1.1
0.8
0. 0
0.7
8.2
7.14

12.6
8.7
0.8

1.5
1.6
3.1
1.5
1.4
1.3
1.2
4.5

65.9
2.2
0.6

28.2
76.6
1.7
1.8
2.4
2.1

11.2
9.6
1.5
5.4
0.9
1.6
2.2
0.8
3.2
1.3
2.2
0.1
0.8
0.5
1.9
0.0
1.3

44.0
5.6
7.0
5.6
0.8

1.5
4.3
3.2
2.5
2.1
1.2

30.2
7.6

21.5-
1.9
0.6

10.2
23.5
2.1
1.7
3.8
1.8

13.0
8.7
1.8
4.5
3.6

16.6
1.9
1.1
3.6
1.4
7.0
0.1
1.2
0.3
1.1
0.0
6.5

23.9
15.0

7.6
6.2

1.6
3.1
2.3
1.8
1.4
1.0
5.7
4.1

10.2
2.0
0.7
6.8

15.5
2.5
1.4
2.9
2.4
9.2
6.3
1.7
3.2
2.7
6.1
2.1
1.2
3.1
1.1
0.9
0.4
1.2
0.4
0.9
0.0
5.9

22.5
7.7

10.1
5.3

1.7
2.8
3.1
1.9
1.5
2.1
5.0
4.4
7.9
2.1
1.2
7.6
9.8
6.0
1.8
2.7
3.9
6.7
4.8
2.4
3.9
3.1
4.1
2.6
1.4
3.2
1.5
1.2
1.2
1.2
0.5
0.9
0.0
4.9

11.7
6.3

11.7
4.7

Total 151.0 173.9 169.1 172.6 270.8
Average 3.9 4.5 14.3 4.4 6.9

368.5 398.3 138.7
9.5 10.2 3.6

305.1 244.8 157.4 143.5 2,693.7
7.8 6.4 4.2 3.8 69.5

53.7
28.8
58.9
48.9
21.5
22.1
91.2

128.3
320.3

43.9
20.9

310.6
167.8

52.1
48.2
50.8
43.7

111.0
65.2
30.9
54.1
49.7
45.9
55.5
19.6
77.9
26.3
29.3
12.3
10.3
22.2
14.4
3.2

47.0
191.1
106.8
84.0

100.0
(25.3)



TABLE 29

ESTIMATED MONTHLY AND ANNUAL FLOWS IN 1000 ACRE-FEET AT SABINAL DAM SITE - 2025 CONDITIONS

YEAR JANUARY FEBRUARY MARCH APRIL MAY JUNE JULY AUGUST SEPTEMBER OCTOBER NOVEMBER DECEMBER TOTAL

1934 o.8 0.7 0.7 1.1 1.2 0.4 0.3 0.3 0.2 0.2 0.2 o.4 6.5
1935 1.1 1.2 1.1 1.4 46.8 107.3 25.4 10.8 21.3 7.7 5.1 5.8 235.0

1936 4.7 3.8 3.7 3.7 4.0 3.8 3.8 2.3 54.3 16.6 11.0 7.0 118.7
1937 3.6 2.8 3.3 2.5 1.9 2.4 1.4 1.0 0.8 1.0 1.2 2.8 24.7
1938 3.6 2.8 2.7 2.5 2.9 1.9 1.4 1.1 0.8 0.8 0.7 0.8 22.0
1939 1.2 1.1 1.1 0.9 0.7 0.5 10.5 2.6 1.1 1.8 1.4 1.3 24.2
1940 1.1 1.2 1.2 1.8 2.8 2.3 2.7 1.2 0.9 0.7 1.0 1.7 18.6
1941 2.3 2.6 3.4 9.5 13.0 5.6 3.8 5.9 7.3 8.4 6.0 4.3 72.1
1942 2.7 2.3 2.1 3.0 3.9 2.2 1.8 1.8 5.2 5.1 2.5 1.8 34.4
1943 1.3 0.9 1.0 1.8 0.9 2.2 1.7 0.4 0.2 0.2 0.2 0.3 11.1
1944 o.8 1.3 4.4 2.8 2.8 3.8 1.7 2.5 1.3 1.0 0.8 1.6 24.8
1945 6.1 3.6 5.2 6.3 3.4 1.7 o.8 0.3 o.6 1.0 0.7 1.0 30.7
1946 0.7 0.7 o.6 1.0 1.2 0.7 0.3 0.0 1.9 4.9 2.8 1.7 16.5
1947 2.2 2.0 1.8 1.7 1.9 4.0 1.6 0.7 0.3 0.1 0.1 0.2 16.6
1948 0.3 0.4 o.4 o.2 0.0 0.3 0.1 0.0 0.3 0.3 0.0 0.1 2.4

1949 0.3 5.4 3.8 5.55 4.9 2.9 1.5 1.4 1.3. 1.8 1.3 1.1 31.2
1950 1.3 1.5 1.6 1.2 1.2 1.8 0.9 0.2 0.1 0.0 0.0 0.1 9.9
1951 0.1 0.1 0.2 0.3 5.0 1.3 0.2 0.0 0.0 0.0 0.0 0.0 7.2
1952 0.0 0.0 0.0 0.3 1.5 1.2 0.2 0.0 0.0 0.0 0.0 0.0 3.2
1953 0.1 0.2 0.1 0.0 0.0 0.0 0.0 0.0 0.3 1.2 0.6 0.5 3.0
1954 0.2 0.1 0.0 0.0 5.7 1.0 0.6 0.1 0.0 0.0 0.0 0.0 7.7
1955 0.0 0.0 0.0 0.0 0.3 0.0 0.2 0.0 0.0 0.0 0.0 0.0 0.5

1956 0.0 0.0 0.0 0.0 0.0 0.0 1.1 0.0 0.0 0.0 0.0 0.0 1.1
1957 0.0 0.0 1.4 6.1 2.6 5.6 0".5 0.0 5.2 4.o 4.1 3.7 33.2
1958 5.9 8.8 15.7 6.0 5.7 42.6 9.5 3.7 15.3 18.4 19.1 8.0 158.7
1959 4.5 2.8 2.2 2.6 2.0 13.1 9.2 3.8 2.2 7.6 4.9 4.0 58.9
1960 4.1l 3.6 3.0 2.5 2.7 1.0 5.9 11.8 3.7 5.14 5.6 6.4 55.7
1961 5.8 9.9 7.5 4.o 2.7 9.7 5.4 3.6 1.6 2.2 1.2 1.2 54.8
1962 1.0 0.7 0.5 0.7 0.5 0.4 0.0 0.0 0.0 -- -- -- (3.8)

Total 55.8 60.5 68.7 69.4 122.2 219.7 92.5 55.5 126.2 90.4 70.5 55.8 1087.2
Average 1.9 2.1 2.4 2.4 4.2 7.6 3.2 1.9 4.3 3.2 2.5 2.0 37.7



TABLE t(

ESTIMATED MONTHLY AND ANNUAL FLOWS IN 1000 ACRE-FEET AT DAM NO. 7 SITE - 2025 CONDITIONS

YEAR JANUARY FEBRUARY MARCH APRIL MAY JUNE JULY AUGUST SEPTDBER OCTOBER NOVEBER DECEMBER TCTAL

1924
1925
1926
1927
1928
1929
1930
1931
1932
1933
1934
1935
1936
1937
1938
1939
1940
1941
1942
1943
1944
1945
1946
1947
1948
1949
1950
1951
1952
1953
1954
1955
1956
1957
1958
1959
1960
1961
1962

21.8
4.6
4.6
4.8
3.7
2.3
3.0

15.6
8.3

18.1
5.9
2.1

13.9
23.7
25.3

5.2
3.5

12.2
7.8

10.6
7.8

38.8
12.4
50.4
4.4
3.6
4.4
2.4
1.7
8.6
3.0
2.0
1.2
0.6

40.4
12.0
14.0
36.0

5.4

22.0 33.5
3.7 3.5
3.4 7.6

14.0 21.6
4.4 7.2
2.2 3.0
3.0 2.9

26.2 24.6
8.0 18.2

10.9 11.9
4.1 6.3
4.1 2.7

10.0 10.6
17.7 20.9
14.7 11.9

3.4 3.4
4.7 7.7

60.8 54.8
6.6 6.4
7.6 8.2

12.0 26.4
36.4 50.6
14.6 16.2
28.6 22.6

4.6 4.6
17.6 11.2

5.0 4.2
2.4 3.8
1.5 2.1
5.0 5.7
2.2 1.9
3.6 1.5
1.4 0.8
1.6 14.0

53.0 57.4
10.8 9.4
16.8 14.6
69.5 37.4
4.9 4.9

Total 446-1 523.0 556.2
Average 11.4 13.4 14.3

641.3 907.0 737.0 532.1 194.4
16.4 23.3 18.9 13.6 5.0

28.6 41.7
3.0 3.7

38.4 20.3
18.0 10.0
3.0 3.6
4.2 61.1
2.3 21.3

35.5 48.0
12.0 13.5

9.2 12.0
11.3 5.0

2.9 49.8
7.7 37.9

14.5 9.5
20.5 19.2

3.2 3.8
18.6 13.7
77.0 96.2
32.6 43.3
9.2 6.4

15.0 87.8
37.2 16.0
12.4 25.6
21.0 18.0

4.4 3.8
20.2 15.4

5.6 9.5
3.2 9.4
5.6 17.4
4.2 2.4
1.2 6.0
0.8 7.2
0.4 1.0

76.4 39.5
26.8 90.6
15.6 11.4
12.7 8.0
20.9 13.1

6.o 4.9

610.3 564.2 335.2 380.4 6,427.2
15.6 14.5 8.6 9.8 164.8

24.4
1.6
8.2

20.3
6.0

12.0
20.1
13.9

5.3
6.0
1.8

206.5
48.8
31.4
8.3
1.1

16.5
29.8
11.9
14.6
32.6
9.6

11.8
22.4
8.2
8.6
5.2
5.8
7.8
0.5
0.6
1.9
0.0

31.8
35.0
31.4
4.2

23.5
7.6

8.7
1.1

11.8
5.4
1.4

22.9
3.6

13.4
197.6

3.4
4.0

22.7
64.7

7.5
4.7
7.7
9.0

20.0
7.4
7.2

10.0
8.0
4.6
8.8
4.6
4.0
4.2
0.6
1.8
0.8
0.0
7.2
0.0

3.5
14.2
12.9

7.2
13.7
1.8

4.2
1.5
4.5
2.4
1.0
2.7
1.1
6.7

10.8
2.6
1.1
8.7

11.5
3.7
2.7
2.8
4.3
9.5
5.4
2.4

15.0
5.0
2.8
4.8
1.8
6.6
1.6
0.1
0.4
0.8
0.0
1.9
0.3
1.4
6.2
6.3

41.2
8.0
0.6

5.9
2.2
2.7
2.5
1.5
2.1
0.9
3.3

32.2
2.7
1.2

50.8
209.4

3.9
3.0
1.1
2.5

13.8
19.0

4.4
16.0
12.6
11.8

3.0
1.9
5.6
2.1
0.1

107.2
12.6

0.0
0.8
0.4

14.2
34.8

4.2
9.4
6.0
2.4

4.1
15.2

3.5
5.5
2.0
1.7

45.0
3.0

13.7
2.5
1.0

18.0
60.4
4.8
2.5

11.7
3.6

21.8
25.0

3.7
13.6
17.4
20.4
2.9
3.0
4.0
1.7
0.4
4.0
4.4
1.4
0.7
0.4

74.2
20.0
73.0
68.6
5.4

4.4
9.4
5.5
2.9
1.8
2.4
8.6
4.2
9.0
2.7
1.5

12.3
34.2
4.5
2.7
3.2

10.8
11.2
14.2

3.2
9.0
8.0

38.4
3.8
2.2
3.6
1.7
1.0
4.0
3.1
1.0
0.7
0.6

38.4
25.2
10.4

29.2
6.2

5.0
4.2
6.8
3.5
2.2
3.6
7.8
5.3

10.8
3.2
2.1

18.7
28.3
11.8
2.9
3.4

33.4
9.7

12.0
4.6

25.4
20.2
23.4

4.8
2.6
4.2
2.4
1.8
9.8
3.2
1.0
1.1
0.3

25.8
16.2
11.2
41.8

5.9

204.3
53.7

117.3
110.9

37.8
120.2
119.6
199.7
339.4
85.2
45.3

399.3
537.4
153.9
118.5

50.0
128.3
416.8
191.6
82.1

270.6
259.8
194.4
191.1
46.1

104.6
47.6.
31.0

163.3
51.3
18.3
29.4
6.8

321.4
419.8
208.6
267.7
245.6
(38.5)



TABLE 31

ESTIMATED MONTHLY AND ANNUAL FLOWS IN 1000 ACRE-FEET AT CLOPTIN CROSSING DAM SITE - 2025 CONDITIONS

YEAR JANUARY FEBRUARY MARCH APRIL MAY JUNE JULY AGUST SEPTMBER OCTOBER NOVEMBER DECEMBER TOTAL

1928
1929
1930
19313
1932
1933
1934
1935
1936
1937
1938
1939
1940
1941
1942
1943
1944
1945
1946
1947
1948
1949
1950
1951
1952
1953
1954
1955
1956
1957
1958
1959
1960
1961
1962

1.2
1.0
8.2
3.3
1.4
2.6
o.8
2.4
7.6

17.8
1.2
0.5
6.7
1.5
4.2
4.5

17.4
5.2

20.4
0.9
0.8
0.7
0.5
0.4
6.4
2.3
0.6
0.3
0.5

12.2
4.2
8.4

20.3
2.5

0.6
0.9

18.9
3.3
1.3
2.8
1.8
1.6
6.6

11.5
0.9
0.7

24.6
1.4
2.9

11.9
18.9
9.2

11.2
0.9
2.1
1.3
0.5
0.4
3.3
1.7
0.7
0.4
1.2

23.4
5.7

10.8
44.8

2.0

0.7
0.9

18.6
8.0
1.7
6.7
0.8
2.0

12.1
7.2
0.8
1.2

29.4
1.5
3.5

18.4
25.6
13.9

7.9
0.8
2.5
0.9
0.7
0.5
3.1
1.4
0.5
0.3
9.9

24.2
5.5
8.1

16.9
2.1

4.9
0.8

17.3
3.3
1.5

13.2
0.7
1.5
6.6

24.4
1.8
2.9

28.7
lo .6
4.6

10.0
14.1
7.1
5.7
0.8

14.4
2.1
0.7
2.1
4.4
1.1
o.4
0.2

48.8
12.0
10.8
7.2
7.3
2.2

77.0
14.0
16.1
2.5
1.5
3.4

21.7
10.8
3.0

19.3
0.7
0.8

39.0
3.9
2.9

16.5
6.5
6.3
4.2
3.1
9.1
3.1
0.9
5.3
2.7
0.8
4.6
o.6

17.7
5.6
6.1
5.0
4.5
2.1

--

15.8
5.3
5.2
1.6
0.9
1.4

36.6
16.0
4.2
6.9
0.5
3.5

30.6
2.2
2.2

11.4
4.8
4.3
2.8
1.1
2.8
2.0
2.5
4.0
1.3
0.5
0.8
0.2

18.9
15.8
5.7
3.3

20.2
8.2

0.6
15.4
2.3

10.5
1.6

0.9
1.1
5.4

30.5
2.8
3.7
1.5
2.4
9.3
1.4
3.2
4.4
3.2
2.4

1.7
1.0
1.6
1.2
O.4
1.3
1.0
0.4
0.5
0.1
3.1
5.4
3.2
4.8
8.2
2.4

0.7
2.8
0.9
2.6
1.7
1.3
o.8
2.1
4.9
1.2
1.7
0.5
0.9
3.0
3.2
1.2
7.3
1.7
1.7
1.4
0.5
1.1
0.8
0.3
0.6
3.0
0.4
0.5
0.1
1.5
2.8
3.1
5.0
4.6
1.3

0.3
1.7
0.7
1.6
1.5
0.9
o.4
6.2

23.0
1.4
1.2
0.4
0.8
2.1

18.9
2.3
9.0
1.7
2.9
1.1
0.5
0.7
0.7
o.6

71.6
10.8
0.3
o.4
o.4

12.2
8.1
2.1
2.7
3.7
2.0

0.4
1.0
4.0
1.3
1.0
0.7
o.6
3.1
7.3
4.7
1.1
0.7
0.3
5.3

13.2
1.2
2.4
2.7
4.0
1.1
1.5
0.8
0.6
0.3
3.2
3.2
0.5
0.3
1.7

25.1
8.2

19.3
40.0

3.3

0.5
1.4

1.2

0.9
0.5
1.7
2.1
5.6
1.1
o.8
0.6
6.3
2.3
8.1
1.0
2.5
1.7

25.5
1.1
o.6
0.7
0.5
o.4
2.4
3.2
0.4
0.3
1.4

20.3
11.9

3.8
16.3

3.0

o.8
1.3
3.5
1.5
0.9
0.6
0.9
2.8
5.2
5.2
1.1
0.6

20.9
1.8
5.5
0.9

13.2
5.1

17.1
1.1
o.6
0.8
0.5
0.4
4.1
3.8
0.5
0.4
1.3

13.3
5.7
5.1

23.5
2.9

(3.3)
123.8

36.2
103.0

29.6
13.2
35.6
84.1

110.8
56.5
96.7
10.2
41.2

182.8
71.4
30.1

111.5
103.4
99.6

59.7
12.3
37.4
14.4
8.2

95.9
46.2
10.3
10.0

7.0
172.5
135.3
74.6

135.1
139.7
(24.8)

Total 168.9 230.2 238.3 274.2 321.3
Average 5.0 6.8 7.0 7.1 9.4

243.5 138.9 67.2 194.9
T.2 4.0 1.9 5.6

164.1 132.0 152.9 2,326.4
4.8 3.9 4.5 67.2

O4
C)



TABLE 32

SEDIMENT STORAGE - EDWARDS UNDERGROUND RESERVOIR AREA

Contributing drainage : Sediment storage
Reservoir area (sq0 mi) (acre-feet)

Montell 707 12,000 (1)

Concan 391 7,800

Sabinal 210 4,200

Dam No. 7 1,l24 17,500

Canyon w/Dam No. 7 301 10,300 (2)

Cloptin Crossing 307 9,200 (3)

(1) 1,200 acre-feet would be deposited in the conservation pool
and 10,800 acre-feet in the dual purpose pool.

(2) 8,800 acre-feet would be deposited in the conservation pool
and 1,500 acre -feet in the flood control pool.

(3) 8,500 acre-feet would be deposited in the conservation pool
and 700 acre-feet in the flood control pool.
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therefore, the storage required for recharge can also be used as flocd-
control storage. In this appendix the joint storage space reserved fcr
recharge and flood-control purposes is referred to as dual-purpose
storage.

(2) Those watersheds having little or no natural xe

charge capacity were investigated for potential surface water supply

and flood-control reservoirs. Releases from the flood-control storage

were limited to minimum downstream channel capacities as shown in
table 16.

(3) The areas that are protected below the recommended

reservoirs are predominantly agricultural. It is considered desirable

to provide at least 50-year protection for these areas if the storage

can be justified economically. The storage requirements for each

recommended reservoir are discussed under the appropriate heading in

the following paragraphs.

b. Dual-Purpose Storage.

(1) Montell Reservoir.

(a) A continuous daily routing was made for Mon-

tell Reservoir for the period 1924 through 1962, with releases being
made at the estimated recharge rate of 1,000 second-feet. The results

of this routing are shown graphically on plates 14 and 15. It was
determined from this routing that the June 1935 flood required 259200

acre-feet or 6.87 inches of storage, more than any other flood during
the period of record, although the September 1955 flood produced the
greatest peak discharge since at least 1854 according to historical

data. The storages utilized for individual floods during the period

of record routing were the basis for a storage-frequency analysis
made in accordance with the method set forth in Section VI of

"Statistical Methods in Hydrology" by Leo R. Beard, dated January

1962 and recommended for use in ER 1110-2-1450. From this analysis
it was determined that the June 1935 flood had a frequency of re-
currence of less than once in 50 years. The dual-purpose storage,

having an average frequency of recurrence of once in 50 years, is

235,300 acre-feet, or 6.24 inches. An additional 4,000 acre-feet

of storage is recommended so that releases may be withheld for up

to two days or reduced for a somewhat longer period, depending upon

the local runoff downstream from the damsite. This period of with-

holding or reducing releases will allow a greater percentage of the

local runoff to infiltrate into the aquifer. A total storage of

239,300 acre-feet, or 6.35 inches, is, therefore, recommended for

inclusion in the Montell Reservoir. It is noted that the flood of

June 1935, when routed through the recommended reservoir, produces

a maximum spill slightly less than the minimum downstream channel
capacity.
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(b) The possibility that a major flood could occur
prior to the emptying of some antecedent flood volume was also con-
sidered0  Examination of the period of record routing shows that the
major floods generally occur in June and September, -with a normal lag
of 60-90 days between major floods0o A conservative lag of 30 days be-
tween the end of the first flood period and the beginning of the
second was. however, selected in constructing a flood series composed
of the hypothetical 25-year flood followed by the hypothetical 50-year
flood It is noted that this results in a lag of about 40 days between
peaks. The routing of this flood series indicated that 248,900 acre-
feet or 6460 inches of storage would be required for its complete con
trol. However, the recommended storage would control the flood series
to non-damaging release rates 9 with the maximum outflow approximately
4800 second-feet. Results of this routing are shown graphically on
plate 16.

(2) Concan Reservoir.

(a) A continuous daily routing was made for Concan
Reservoir for the period 1924 through 1962, with releases being made at
the estimated recharge rate of 750 second-feet. Results of this routing
are shown graphically on plates 17 and 18. It was determined from this
routing that the July 1932 flood, largest flood of record, required
137,600 acre-feet or 6,60 inches of storage0  The July 1932 flood was
not only the largest flood in volume but it produced the highest stage
at the Concan gage since at least 1869 according to historical data.
The storages utilized for individual floods during the period of record
routing were the basis for a storage-frequency analysis made in accord-
ance with the method set forth in Section VI "Statistical Methods In
Hydrology" by Leo R. Beard, dated January 1962, and recommended for
use in EM 1110-2-1405. From this analysis it was determined that The
storage required for the July 1932 flood was in close agreement with
the recommended dual-purpose storage. The dual-purpose storage having
an average frequency of recurrence of once in 50 years is 138,200
acre-feet or 6.63 inches0 An additional 3,000 acre-feet of storage
is recommended so that releases may be withheld for up to two days
or reduced for a somewhat longer period0 This period of withholding
or reducing releases will allow a greater percentage of runoff from
the uncontrolled area downstream to infiltrate into the aquifer0 A
total storage of 141,200 acre-feet or 6.77 inches has, therefore, been
adopted for inclusion in the recommended Concan Reservoir.

(b) The possibility of a major flood occurring prior
to the emptying of an antecedent flood was checked in a manner simi-
lar to that discussed in paragraph (b) for Montell Reservoir. The normal
lag time between major floods was found to be from 60 to 90 days0o A
conservative lag of 30 days between the end of the first flood period
and the beginning of the second was, however, selected in construc-
ting a flood series composed of the hypothetical 25-year flood
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NOTE 3 TL; RECOMMENDED STORAGE 239,300 AC. FT.
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followed by the hypothetical 50-year flood. It is noted that this re-
sults in a lag of about 40 days between peaks. The routing of this
flood series indicated that 139,600 acre-feet of storage was require
which is 1,600 acre-feet less than the recommended size. Results of
this routing are shown graphically on plate 19.

(3) Sabinal Reservoir.- The length of stream gage
record in the vicinity of the Sabinal Reservoir is less than half that
available for analysis for the Montell and Concan Reservoirs and was
not considered adequate for the establishment of storage requirements0
A regional storage relationship was determined in the following manner:
Continuous daily operations were made at the Montell and Concan Dam
sites for each of four different' release rates. The storages utilized
for the individual floods during the entire period of record for each
of the four release rates were the basis for storage-frequency analyses
as recommended in EM 1110-2-1405. A correlation was developed relating
the 50-year storage from these analyses and the coresponding release
rates. Examination of these correlation curves for Concan and Montell
Reservoirs indicated that for any given release rate, a direct drainage
area relationship existed between the required 50-year storages at the
two projects. This relationship apparently exists because the areas
are adjacent, with similar topography, soils, land use and climatic
conditions. Pending the collection of additional runoff data, it has
been assumed for this report that a' similar relationship exists be-
tween the Concan and Sabinal Dam sites since they, too, are located
on adjacent watersheds. This is the basis for the selection of the
recommended dual-purpose storage-for Sabinal Reservoir. This storage,
having an average frequency of 50 years, is 87,100 acre-feet, or 778
inches. An additional 2,000 acre-feet of storage is recommended so
that releases may be withheld for up to two days or reduced for a,
somewhat longer period. The period of withholding, or of reduced
releases, will allow a greater percentage of the local runoff to in-
filtrate into the aquifer. A total storage of 89,100 acre-feet (7.96
inches) is, therefore, recommended for inclusion in the Sabinal
Reservoir.

(4) Because of the short record available, hypotheti=
cal 25-, 50-, and 100-year floods were not developed for the Sabinal
Reservoir for test routing purposes. However, the location of the dam
axis within the recharge zone of the Sabinal River will tend to assure
the adequacy of the storage by producing a higher rate of recharge
than the 500 second-feet estimated for the streambed below the dam
site. It is anticipated that some water will infiltrate into the
Edwards Reservoir directly from the bottom and sides of the reservoir.
The Medina Reservoir..on the Medina River is 'located on the fault zone
and loses a considerable quantity of water 'to the Edwards Reservoir
in this way. It should be noted that though the Medina Reservoir has
been constructed since 1913, sedimentation has produced no apparent
effect on its recharge capacity.
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(5) There exists no means of estimating the magnitude of
the recharge which will occur directly from the pool; therefore, all
analyses of modified recharge were based on that which it is estimated
will take place downstream from the project.

c. Flood Control Storage- Cloptin Crossing Reservoir.

(1) Routings of the major floods of record were made for
Cloptin Crossing Reservoir to determine the flood-control storage re-
quirements. These routings assumed a full conservation pool at the
project and releases were'made to control the non-damaging discharges
at selected downstream control points. In addition, hypothetical flood
hydrographs for varying frequencies, developed as discussed in para-

graph 39, were routed through the reservoir on a full conservation pool.
The floods were routed in accordance with the adopted regulating cri-
teria, assuming the coincident occurrence of floods of approximately
equivalent frequency on the uncontrolled area downstream from the pro-
ject. Data obtained from the routings of hypothetical floods were used
to establish a relationship between flood-frequency and flood-control
,storage requirements for Cloptin Crossing Reservoir.

(2) The May 1929 flood when routed through the Cloptin
Crossing Reservoir in accordance with the procedure presented in the
above paragraph utilized 76,200 acre-feet or 4.65 inches of flood-control
storage. Historical data for the Wimberley gage on the Blanco River
show the flood of May 1929 to be the maximum since 1869. However,
historical data for the San Marcos gage on the San Marcos River indi-
cate that the maximum stage at San Marcos, since at least 1913, occurred
in September 1921 and was produced by backwater from the Blanco River.
Also, according to historical data, the flood of May 1929 was exceeded
by the flood of 1869 or 1870 on the San Marcos River at Luling and by
the flood of December 1913 on the San Marcos River at Ottine, with a
large flood also occurring at the latter location in 1869 or 1870.
From the above data covering a period of about 100 years, it is con-
cluded that at least three historical floods in the San Marcos River
watershed have approached or exceeded the flood of May 1929. It is
also evident from an examination of the isohyetal patterns of the.May
1929 and September 1952 storms on plates 6 and 11, that a transposition
of either storm pattern involving a displacement of only 15 miles in
the storm center would produce heavier rainfall and resulting runoff
on the area above Cloptin Crossing Reservoir.

(3) The storage required to control the hypothetical
50-year flood, whose derivation was discussed in paragraph 39, was
106,k00 acre-feet or 6.50 inches. Also, it was concluded that the
flood-control storage of 4.65 inches utilized in routing the flood of
May 1929 (maximum of record) is equivalent to that required for the
control of a hypothetical flood of only 25-year frequency. It is
further concluded from the historical data and representative storm
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patterns previously discussed that the maximum flood of record is not
truly representative of the flood potential of the watershed. An
analysis of. the relationship between cost and benefit for projects
containing. flood-control storage of varying frequencies led to adop-
tion of a project containing. 119,900 acre-feet, or 7.30 inches of
flood control storage, having an average frequency of recurrence of
once in 75 years.

d. Conservation Storage.

(1) General.- At the present time the municipal and
rural~ water demand of the area is being met by ground water, but
projected future demands indicate a need for supplementing the present
supply. One of the purposes of this study is to determine the benefits
associated with the provision of surface storage on streams within the
Edwards Underground area. The reservoirs recommended in connection
with this study, the maximum or recommended conservation storage and
its associated dependable yield under 2025 conditions of watershed
development, are shown in table 17.

(2) . Montell Reservoir.- The Montell Reservoir is the
only reservoir in the recommended plan to have both dual-purpose and
conservation storage. The reservoir is primarily a recharge project;
however, 1,000 acre-feet of conservation storage space has been pro-
vided in Montell Reservoir in lieu of construction of-Tom Nunn Hill
Reservoir. The conservation storage in Montell Reservoir has a depend-
able yield of 4,300 acre-feet per year (6 second-feet). This was the
only point that was developed , consequently, no storage-yield curve
is presented for this project. Aspects of the conservation storage in.
Montell Reservoir are discussed in more detail in paragraph 80.

(3) Dam No. 7 Reservoir.- Economic evaluations indicated
that additional flood-control storage for the Guadalupe River Basin
could not be economically provided in Dam No. 7 Reservoir; however,
because of the need for full development of the area's resources, the
reservoir is recommended for construction by local interests. Dan
No. 7 Reservoir is designed to operate in conjunction with Canyon
Reservoir to develop tothe fullest extent feasible the total re-
sources upstream from Canyon Dam. The provision of 640,500 acre-feet
of conservation storage in Dam No. 7 Reservoir would produce a de-
pendable yield for the Canyon-Dam No. 7 system of 142,700 acre-feet
per year (197 second-feet). This is an increase of 46,400 acre-feet
per year 64 second-feet)-over the yield determined for the Canyon
Reservoir without upstream development. A curve relating the con-
servation storage and dependable yield for Dam No. 7 Reservoir is
shown on plate 20. This curve was developed from monthly water
supply routings based on the runoff in table 30 and evaporation data
developed from that presented in table 12.
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(4) Cloptin Crossing.- A multiple-purpose reservoir for
flood-control, water conservation, recreation, and fish and wildlife is
recommended for Federal construction on the Blanco River at the Cloptin
Crossing site. The recommended conservation storage of 274,900 acre-
feet would fully develop the resources of the Blanco River watershed
upstream from the damnsite 'based on refilling the conservation storage
after the critical period. The above storage would provide a depend-
able yield of 42,700 acre-feet per year (59 second-feet) from Cloptin
Crossing Reservoir. A curve relating the conservation storage and
dependable yield for Cloptin Crossing Reservoir is shown on plate 21.
This curve was developed from monthly water-supply routings based on
the runoff in table 31 and evaporation data developed from that pre-
sented in table 12.

530 FLOOD-CONTROL EFECTS-, In order to evaluate the flood-
control effects of the reservoirs investigated in this study, the
peak discharges for "the damaging. floods of record were determined at
the principal gaging stations within the affected areas with and with-
out the reservoirs in operation. The procedures involved the use of
observed and estimated reservoir inflows, streamflow records and
routing procedures. The floods of record were routed through the
reservoirs in accordance with the regulating criteria set forth in
paragraph 52, STORAGE REQUIREENTS. The floods were routed through
Montell, Concan, Sabinal and Cloptin Crossing Reservoirs starting with
empty flood-control pools. The larger floods of the upper Nueces
River Basin which were routed through Montell Reservoir were the June
1935, June 1939, and September 1955 storms; the larger floods of the
upper Frio River Basin which were routed through Concan Reservoir were
the JuneJuly 1932, June 1935, and. September 1936 storms; the. June 1958
flood was among the larger floods which were routed through Sabinal
Reservoir; and the May-June 1929 and September 1952 storms were among
the larger floods in the Blanco-San Marcos River .Basin which were routed
through Cloptin Crossing Reservoir0  The results of these flood routings
are summarized in table 33 . The reservoir regulation during these flood
periods is shown graphically on plates 22 through 28.

54 .MNIUM INFILTRATION INDICES -Infiltration indices were
computed for the Nueces River watershed above the Laguna gage; for the
Frio River watershed above the Concan gage; for the Sabinal River
watershed above the Sabinal gage; and for the Blanco River watershed
above the Wimberley and Kyle gages, using the method described in
EM 1:10-2-1405, "Flood Rydrograph Analyses and Computations." Initial
losses in the watersheds ranged from a minimum of 0.25 inch to a maxi-
mum. of 3.00 inches. The range in infiltration indices was from 0.09
inch per hour to 0.82 inch per hour, and the runoff varied from 11.2
percent to 80.5 percent of the rainfall. The results of these compu-
tations are given in tables 34 and 35. Based upon these studies an
initial loss of 1.00 inch and an infiltration rate of 0.15 inch per
hour was adopted for the. upper Nueces and Frio River watersheds. The
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TABLE 33

IIYPOTIETICA L I':l ITVOI FEGUI A TION

Flood
(

June 1935

July 1939

Septc-mber 1955

July 1932

June 1935

September 1936

June 1958

ay-June 1929

epterberlcr 1'-2

2

2

1

1

1

I

Peak : Peak
inflo , : o flol:
c.V.s.) (c.f.s.)

I..ONrITLL RESEIWO IP

)5,000 5,000

05, 400 1,000

95, 300 1,000

CONCAN RESE VOI
D.A. = 391 sq.mi.

59,200 750

.04,200 750

1, 000 750

SABINA L RESERVOIR
D.A. = 210 sq.mi.

55,200 500

CLOPTI Y CBOSSITG RESERVOIR
D.A. = 307 sq. mi.

L05,400 5,000

83,600 5,000

Storage required
(acre feet)

239,300

70, 400

134, 700

137,600

136,500

51, 300

28,500

76,200

61, oo
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TABLE 34

INFILTRATION AND RUNOFF DATA
NUECES RIVER BASIN

Initial :Infiltration

:Rainfall Runoff Runoff : Loss Index

Date of storm (inches) :"(inches):(Percent): (inches):(inches/hr.) Conditions preceding each storm

R VER AR LAGUTWA TEXYAO DRAINAGEE AREA - 7
6

s square miles)

September 1-2, 1932

September 16, 1936

July 12-13, 1939

September 23-24, 1955

June 30-July 1, 1932

June 13-14, 1935

September 16, 1936

May 15, 1951

May 23-24, 1954

June 16-17, 1958

4.60 1.65

3.03 1.40

4.72 2.18

8.47 3.78

12.59 5.75

5.95 4.79

4.31 1.71

35.9 1.50 0.18

46.2 0.50 0.17

46.2 1.30 0.17

44.6 2.00 0.36

FRIO RIVER NEAR CONCAN, TEXAS

46.0 2.80 0.45

80.5 0.25 0.09

39.7 0.90 0.42

SABINAL RIVER NEAR SABINAL, TE

1.46 0.27 18.5 0.50 0.50

2.07 0.44 21.3 1.20 0.30

Moist - Light rain August 25-30; heavy rain August 31.

Moist - Light rain on September 12; heavy rain on September 13; light rain on

September 14; heavy rain on September 15.

Dry - No rain July 1-8; light rain July 9; no rain July 10; light rain

July 11.

Dry - No rain September 1-12; light rain September 13; no rain

September 14-22
(DRAINAGE AREA - 405 square miles)

Dry - No rain June 5-29.

Wet - Light rain June 1-2; no rain June 3-4; moderate rain June 5: no rain

June 6-9; light rain June 10; moderate rain June 11; heavy rain June 12.

Moist - No rain September 1-12; moderate rain September 13; heavy rain

September 14-15.

XAS (DRAINaGE AREA - 206 square miles)

Dry - Moderate rain on May 6; no rain May 7-13; light rain May 14.

Dry - No rain May 1-17; light rain May 18; no rain May 19-22.

10.50 2.46 23.4 3.50 0.48 Dry - No rain June 1-15.

0 %ljlui-LLW%%rwj ZIAUZU-L - 1 -- - L--- l



TABLE 35

INFILTRATION AND RUNOFF DATA
BLANCO RIVER WATERSHED

Initial :Infiltration
:Rainfall Runoff Runoff : Loss Index

Date of storm :(inches) (inches):(Percent): (inches):(inches/hr.) Conditions preceding each storm

May 27-28, 1929

May 10-12, 1930

June 30-July 1, 1936

C April 27-28, 1938

April 7-8, 1942

September 9-10, 1952

April 24-25, 1957

May 2-3, 1958

October 3-4, 1959

8.95

1.67

3.92

2.16

2.34

13.75

4.4T

3.15

6.08

BLANCO RIVER NEAR WIl1

3.69 41.2 1.80

.28

1.01

.48

.30

4.02

1.22

16.8

25.8

22.2

12.8

29.3

27.3

1.00

1.00

0.90

1.50

1.50

2.80

1.68 53.3 0.80

3ERL.EY (DRAINAGE AREA - 353 square miles)
.44 Moist - Light rain May 11-18; no rain May 19-22; heavy rain May 24 & 26;

trace on May 25.

.61 Dry - Light rain May 2-6; moderate rain May 7; no rain on May 8-9.

.46 Dry - No rain June 1-27; light rain on June 28; moderate rain June 29.

.49 Dry - No rain April 8-14, moderate rain April 15-19; no rain April 20-24;
light rain April 25-26.

.82 Dry - Light rain April 1; no rain April 2-6.

.50 Dry - No rain August 1-September 8.

.25 Moist - Light rain April 1-4; no rain April 5-10; trace April 11-14, 18, 21;
light rain April 15-17, 23; moderate rain April 19,22.

.42 Dry - No rain April 22-25, 29; light rain April 26-27; trace April 28, 30;
light rain May 1.

BLANCO RIVER NEAR KYLE (DRAINPAE AREA - 410 square miles)
.68 11.2 3.00 .57 Dry - No rain September 15-21; light rain September 22-25; no rain

September 26-28; light rain September 29-30; light rain October 1; no rain
October 2.



comparative values adopted for the Sabinal and Blanco River watersheds
are 1.00 inch and 0.25 inch per hour. These adopted values were used
in the preparation of the spillway design flood hydrographs.

55. UNIT HYDROGRAPH STUDIES AND SYNTHETIC UNIT HYDROGRAPHS.-
Unit hydrograph determinations were made for selected storms for which
hydrographs were available at the Laguna gage on the Nueces River, at
the Concan gage on the Frio River, at the near Sabinal gage on the
Sabinal River, and at the Wimberley gage on the Blanco River. These
studies were made in accordance with EM 1110-2-1405. The studies on
the Blanco River watershed were submitted to the Office, Chief of
Engineers, with letter SWFGP-Hy, subject: ."Unit Hydrograph Compilation,
Blanco River at Wimberley, Guadalupe River Basin, Texas," dated June 19,
1963. Those on the Nueces River watershed were submitted with letter
SWFGP-Hy, subject: "Unit Hydrograph Compilations, Nueces River at
Laguna, Frio'River at Concan, Sabinal River near Sabinal, "Nueces River
Basin, Texas," dated March 4, 1964. Unit hydrograph pertinent data
for the storms studied on the Nueces River at Laguna, Texas; the Frio
River at Concan, Texas; Sabinal River near Sabinal, Texas; and the
Blanco River at Wimberley, Texas, are shown on plates 29 through 32,
respectively. These unit hydrograph determinations were used as a
basis for the adoption of the following coefficients to be used in
Snyder's equations for the derivation of synthetic 3-hour unit hydro-
graphs: Upper Nueces River watershed Ct = 0.60, Cp640 = 450; Blanco
River watershed Ct = 0.65, Cp640 = 450. The adopted coefficients,
representing a 3-hour duration, were adjusted in accordance with
EM 1110-2-1405 to a 2-hour duration for use at Sabinal Reservoir. The
synthetic unit hydrographs for natural flow at the dam sites were de-
veloped for.selected periods of rainfall in accordance with EM 1110-2-
1405. The unit hydrographs for flow into full reservoirs were derived
by subdividing the drainage area above the dam sites into several areas
as follows: (a) reservoir area, (b) area adjacent to the reservoir com-
posed of numerous small areas with no well-defined drainage divides,
and (c) the portion of several creeks from sides and above the head of
reservoirs. Unit hydrographs were developed for the individual areas
and the ordinates of these unit hydrographs added graphically to ob-
tain the composite unit hydrograph for flow into full reservoir. The
runoff from the reservoir area was not included in the unit hydrograph
for flow into full reservoir; but runoff rates were assumed equal to
rainfall rates and added directly to the computed design flood. The
synthetic unit hydrographs for natural flow and for flow into full
reservoir for the four projects are given in tables 36 through 39.

56, SPILLWAY DESIGN STORMS.- The spillway design storms adopted
for use in this report were computed following a method described in
the U. S. Weather Bureau Hydrometeorological Report No. 33, dated April
1956, subject: "Seasonal Variations of the Probable Maximum Precipita-
tion East of the 105th Meridian for Areas From 10 to 1,000 Square Miles
and Durations of 6, 12, 24, and 48 hours." The rainfall quantities as
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determined from H.R. No- 33 are not adjusted for differences in shape
and orientation between the pattern storms and the watersheds above
the investigated dam sites. Therefore, based upon analyses of appro-
priate pattern storms, a ten percent basin shape reduction factor was
adopted for each of the projects.

57. The distribution of the maximum 6-hour rainfall was de-
termined in accordance with the method set forth in EM 1110-2-1411
(Civil Works Engineer Bulletin No- 52-8, dated March 26, 1952, subject:
"Standard Project Flood Determinations.") A 3-hour increment of rain-
fall was used for Montell, Concan, and Cloptin-Crossing Reservoir.
For Sabinal Reservoir the rainfall was broken down in 2-hour increments.
The ten percent basin shape reduction factor was applied to the unad-
justed rainfall, and smooth curves were drawn through points based
upon the adjusted rainfall values. The predetermined increments of
rainfall were taken from these curves. The critical arrangements of
rainfall adjusted for basin shape and adopted as the spillway design
storm rainfall for Montell, Concan, Sabinal, and Cloptin Crossing
Reservoirs are shown in tables 40 through 43, respectively. The
tables also indicate the loss and rainfall excess for the above
projects.

58. SPILLWAY DESIGN FLOOD HYDROGRAPHS 0 - Spillway design flood
hydrographs representing flow into full reservoirs were determined
for Montell, Concan, Sabinal, and Cloptin Crossing Reservoirs by apply-
ing the rainfall-excess values given in tables 40 through 43 to the
appropriate unit hydrographs given in tables 36 through 39, and adding
to the resultant flood hydrograph the runoff from the reservoir surface
(assumed at a rate equal to the rate of rainfall). As a result of a
study of average base flow conditions at the dam sites, no base flow
was considered in the computation of the spillway design floods. The
resulting spillway design flood hydrographs had, at Montell, a peak
discharge of 893,900 second-feet, and a runoff volume of 821,300 acre-
feet; at Concan, a peak discharge of 592,500 second-feet, and a runoff
volume of 489,400 acre-feet; at Sabinal, a peak discharge of 381,800
second-feet, and a runoff volume of 249,000 acre-feet; and at Cloptin
Crossing, a peak discharge of 414,900 second feet, and a runoff volume
of 353,000 acre-feet.

59. The spillway design flood hydrographs for natural flow at
the dam sites were based on the unit hydrographs for natural flow at
dam site given in tables 36 through 39 and the rainfall excess given
in tables 40 through 43. The computed natural hydrographs had, at
Montell, a peak discharge of 882,000 second-feet, and a runoff volume
of 815,600 acre-feet; at Concan, a peak discharge of 591,600 second-
feet, and a runoff volume of 485,900 acre-feet; at Sabinal, a peak
discharge of 336,700 second-feet, and a runoff volume of 245,300 acre-
feet; and at Cloptin Crossing, a peak discharge of 409,800 second-feet,
and a runoff volume of 343,800 acre-feet.
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EPARTMENT OF THE A Y

DRAINAGE AREA CHARACTERISTICS
764 sq. mi. L 60.2 mi.

ATION 2400 ft. m.s.l. L 30. 6 mi.
MINIMUM ELEVATION 1220 ft. m.s.I. ( LLa) 9. 54

MEAN ELEVATION (weighted) ft. m.s.I. DRAINAGE DENSITY 0 511 mi. / sq, mi.
LAND SLOPE ft. 'mi. MAP SCALE 1:250 000

MAIN STREAM SLOPE 1785 ft./mi. METHOD OF FLOW SEPARATION TYPE A

BASIN SH APE FACTOR 4.74
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OBSERVED UNIT HYDROGRAPHS
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TIME AFTER START OF RAINFALL EXCESS IN HOURS

DRAINAGE AREA CHARACTERISTICS
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TABLE 36
SYNTHETIC UNIT HYDROGRAPH FOR

A UNIFORM 3-HOUR RAINFALL
MONTELL DAM AND RESERVOIR - 707 sq. mi.

Time in Unit Hydrographs (Cfs)
3-hour periods :Flow into full reservoir: Natural flow at damsite

0

1

2

3

4

5

7

0U

9

0

23,420

59,230

33,y0r

15,700

8, yoo

5,000

2,700

1,000

400

10

11

12

Total

0

0

5,600

60,940

33,540

18,200

12,200

8,500

5,800

3,900

2,100

1, 000

300

0

149, 930 152,080

95



TABLE 37
SYNTHETIC UNIT HYDROGRAPHS FOR

A UNIFORM 3-HOUR RAINFALL

CONCAN DAM AND RESERVOIR - 391 sq. nil.

Time in : Unit iydrographs (crs
3-hour periods :Flow into full reservoir: Natural flow at damsit

0

1

2

0

20,610

35,620

1k.,000

6 ,000

3,600

1,800

2r

5

6'

7

8

9

10

Total

3o

0

5,060

37,800

20,210

8,4oo

5,200

x,100

1,300

600

0

82,820 84,110

96



TjyBLE 38
SYTITIETIC UL,=IJTYDROGRAPITS FOR

A UNIFORI 2 --HOUR RAINFALL
SA]3INAL DALI AND RESERVOIR - 210 scq. r:li.

T-ime in :Unit lydrographs (c)
2-jour periods :Flow into Full reservoir: Natural low ot das:

00

1

2

3

1, ;h0o

0(r)

1, ' OO

1, iQO6

U

, 220

10 , QU

,000

O , LX)

2, 5U0

2009)

9

10

Total

0

0

,666, 14 ci

97

L;
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TABLE 39
Y ITthIC UNIT1 IE DOGTIIAPH FOR

A UTIFORI.1 3-HOUR RAITFA LL
CLOPTIII CHOOSING DAI ADD RESERVOIR - 0' s+. mi.

TirMe in : Uni Nydrographs
3-hour periods :Flow into fullr:scirvoir: Natural lo at &rmw

0

1

0 U)

4'

14,=,

. 00

2,200

t,350

5

7

0

9

050

0

63,150

,(

2,100

0

6 ,040

98
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TLELL 40
RAIFALL AlO RA~IILLJ-EXCESS FOR SPILIUIY DESIl STO1R

rI 0(TELL DALI AlT D RESERVOIR

3-flour Avcrago rain{Ta1.: Loss Rainia1l-xccesG
period (inc yes) : (inches) inciios)

0
1
2
5

1.

(9

1~0
11

12
1.3
14

15
1.6
1.7
1.8
1.9
20
21
22

-J

24

0
.41

.43

2.00

* .4 5

3.11.

.49

12.L!-6

.52

.5 )

.0

.* U

1. 0;
1.39
2 .00
3 .11

1.2.46
2. 59

32. 31T o tal

0
.41

.42

.43
.4 5
.4 5

.45

45
.45

.45

.45

.45

.45

.45

.45

.)'S

T.>8

0
0

U

. l

. U

"-

04

IL _. C)5

.14

.(1

99

83-939 0-72-Vol. 2-8



TABLE 4i
RAINFALL AND RAINFALL-EXCESS FOR SPILLWAY DESIGN STORM

CONCAN DAM AND RESERVOIR

3-hour : Average rainfall : Loss :Raira1l-o9:cess
period : (inches) : (inches) (inches

0
1

3
4
5
6
7

(9

10
11
12
13
14
15
16
17
18
19
20
21
22
23
24

0
.46
.46
.47
.47
.47
.47
.47

.48

.50

.54

.55
.r6f.7u)

.58
."1

.63

.80

.U3

1.00
1.14
2.03
2.1

13.94
3.48

34.12Total

0
.46
.46
.45
.45
.45
.45
.45
.45
.45
.45

.45
.45

10.2

"45

.45

.45

.- 5

.45

.45
.45

10.82

0
0
0

.02

.02

.02

.02
.02
.02
.03
.05
.09
.10
.11
.13
.16

.35

.55

.OQ
1.58
2.26
13.49
3.03

23.30

100



TABLE 42
RAINFALL AND RAINFALL-EXCESS FOR SPILLWAY

SABINAL DAM AND RESERVOIR
DESIGN STORM

2-hour : Average rainfall : Loss Rainfall-excess

period : (inches) : (inches) : (inches)

0
1
2

3
4
5
6
7
8
9

10
11
12
13
14i.

15
16

17
18
19
20
21
22
23
24
25
26
27
28
29
30
31
32
33
34
35
36

Total

0
.31
"33j.33

.33
-33

.33

.33

.33

.33

.33
-33

.33

.33
.35
.35
.35

.35
.35

.35

.38

.40

.40

.40
-42
.45
.45
.50
. To'

.90

1.30
1.60
2.00
3.88
10.67
4.85

36.00

0
.31
.33
.33
.33
33

-33
.33
.33
.33
.33
.33
.33
.33
.33
.35
.35
.35
-25
-35
.35
.38

.40

.40
)40
.42
-45

.45
.50
.50
-50
.50
.50
.50
.50
.50
.50

14.10

0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0

.20

.140
.0

1.10
1.50
3.38

10.17
4.35

21.90

101



TABLE 43

RAINFALL AND RAINFALL-EXCESS FOR THE SPILLWAY DESIGN STORM
CLOPTIN CROSSING DAM AND RESERVOIR

3-hour : Average rainfall : Loss Rainfall-excess
period : (inches) :(inches) : (inches)

0
1
2

3
4
5
6
7
8
9

10
11
12

13

15
16
17
18
19
20
21
22
23
24

TOTAL

0
.46
.47
.47
.47
.47

. Lko

.48

.48

.50

.58
.62
.66
.70
.75
.85
.95

1.10
1.95
3.70

14.80
2.90

35.33

0
.46
.47
47

.47

0417
. r.48
48

.48

.48

.50

.54
.58
.62
.66
.70
"75
.75
.75
-75
.75
.75
.75
.75

14.33

0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0

.10

.20

.35
1.20
2.95
14.05
2.15

21.00
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60. SPILLWAY DESIGN FLOOD ROUTINGS.- The spillway design flood
hydrographs for flow into full reservoir were routed through Montell,
Concan, Sabinal, and Cloptin Crossing Reservoirs assuming an initial
reservoir level at thetop of the controlled storage. The routing
computations indicate the maximum reservoir levels and the peak out-
flows for the reservoirs would be as follows: 1366.0 feet msl and
581,000 second-feet at Montell, 1394.2 feet mal and 433,000 second-
feet at Concan, 1238.8 feet msl and 270,600 second-feet at Sabinal,
and 1017.5 feet msl and 196,400 second-feet at Cloptin Crossing
Reservoir. The spillway design flood inflow-outflow hydrographs and
reservoir elevations for Montell, Concan,.Sabinal, and Cloptin Cross-
ing Reservoirs are shown on plates 33 through 36, respectively.

61. FACTORS OF SAFETY AGAINST - OVERTOPPING. - To evaluate the
factors of safety to the dams provided by the freeboard storages and
the spillways, floods greater than the spillway design floods were
constructed for routing through the reservoirs. Two tests were im-
posed on the reservoirs for this. purpose. The first test consisted of
increasing the peak discharges of the spillway design floods by various
amounts but holding the volume equal to that of the spillway design
floods. The second test consisted of increasing both the peak dis-
charges and the volumes of the spillway design floods by various
percentages.

62. The hypothetical flood hydrographs for the first test, i.e.,
increasing the peak discharges of the spillway design floods and hold-
ing the volumes constant, were computed for flow into full reservoir
condition. The unit hydrographs.for the flow into full reservoir
condition were modified by increasing the unit hydrograph peaks for
the areas above head of reservoir by 10, 25, and 50 percent. The hypo-
thetical flood hydrographs were developed by applying the modified unit
hydrographs to the rainfall excess from the maximum 6-hour period of
rainfall excess for each spillway design storm while using the adopted
unit hydrographs for the remaining rainfall excess.

63. The hypothetical flood hydrographs for the second test, i.e.,
increasing both the peak discharges and flood volumes by various per-
centages, were developed by increasing each ordinate of the spillway
design floods for the flow into full reservoir condition by 10% 25, and
50 percent.

64. In order to obtain a comparison between maximum reservoir
elevations produced by the spillway design floods and the hypothetical
flood hydrographs, the hypothetical floods were routed through the pro-
posed reservoirs under the same assumptions as were the spillway design
floods. The results of these studies for Montell, Concan, Sabinal, and
Cloptin Crossing Reservoirs are shown on plates 37 through 40, respec-
tively. The routing studies indicate that the spillway design floods,
under conditions of flow into full reservoir, could be increased about
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22, 29, 26, and 37 percent in both peak and volume, without overtopping
the Montell, Concan, Sabinal, and Cloptin Crossing dams, respectively.

65. GUIDE TAKING LINE.- The guide taking line for the recommended
reservoirs has been based upon the policy for real estate acquisition
set forth in Change 9 dated March 9, 1962, of EM 405-2-150. The upper
guide contour has been established at five feet above the top of con-
trolled storage for Montell, Concan, and Cloptin Crossing Reservoirs
and three feet above top of gates for Sabinal Reservoir. The upper
guide contours thus established have been adopted throughout the entire
reservoir area. More detailed studies will be made during preconstruc-
tion planning stages to evaluate the backwater effects in the upper
reaches of the reservoirs. The adopted elevations for the upper guide
contour are 1336.0 for Montell Reservoir, 1371.5 for Concan Reservoir,
1229.5 for Sabinal Reservoir, and 1003.0 for Cloptin Crossing
Reservoir.

66. RELOCATION CRITERIA.- The criteria for the alteration or
relocation of railroads, highways, bridges, and utilities is based
upon the addition of a reasonable freeboard to the higher of the fol-
lowing levels: (1) the top of the flood-control pool or (2) the maximum
elevation of the 50-year reservoir operation resulting from flood
occurrences on a full conservation pool after 100 years of sediment
.deposition. In the upper portions of the main part of a reservoir
and on tributary arms, the foregoing criteria or the envelope curve
of the backwater profile for the 50-year reservoir operation plus
freeboard will be adopted. For the purpose of this report the same
elevations adopted for the upper guide taking line in paragraph 65
have been adopted as the basis for relocation estimates. More de-
tailed studies will be made during preconstruction planning stages.

67. FREEBOARD REQUIREMENTS.- Freeboard requirements for the
recommended projects were determined in accordance with the method
set forth in a paper by Saville, McClendon and Cochran entitled,
"Freeboard Allowances for Waves in Inland Reservoirs, " Journal of the
Waterway and Harbors Division, Proceedings American Society of Civil
Engineers, May 1962, distributed by OCE with Civil Works Letter 62-8
dated 6 August 1962. Computations for wave heights and wave runup
were based on the computed effective fetch at the maximum water surface
for each reservoir. The computed wave height and total freeboard for
an overland wind velocity of 40 miles per hour (52 miles per hour
over water) was adopted as a basis for design. The results of these
computations are summarized in table 44.

68. HYDROLOGIC NETWORK.- It is proposed to supplement the
existing rainfall and streamflow stations by expanding the hydro-
climatic and hydrologic reporting networks. The records and reports
will be used to update hydrologic design criteria for preconstruction
planning; in connection with construction activities; and to prescribe
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U. S. ARMY

LOSS HYETOGRAPH
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Drainage area 707 square miles. Outflow
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TABLE 4 4

FREEBOARD REQUIREMENTS

Ma:x0 design :o:Totai :Total :Elevation
:water surface Effective required :freeboardoat top

Reservoir elevation : fetch :freeboardUprovided :of darn
(ft0 msl) mileses ) :(feet)(l): (feet) :(ft rmsl)

Montell 13660 2096 308 500 13710O

Concan 1394,2 173 2.9 5o3 1399o5

Sabinal 123808 2n01 302 542 12440O

Cloptin
Crossing 101705 2.10 3o3 5o5 1023.0

(1) Based on an overland wind velocity of 40 miles per hour (52
miles per hour over water) and computed wind tide0
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flood -control regulations for the re commended reservoirs. The ex-
panded network will include inflow and outflow stations and reservoir
level gages at the recommended projects, Montell, Concan, Sabinal, and
Cloptin Crossing Reservoirs. Evaporation and recording rainfall sta-
tions also will be provided at Montell, Concan, Sabinal, and Cloptin
Crossing Reservoirs. Appropriate instrftnentation for the study of
ground water, the accurate determination of base flows and. recharge
values and the investigation of water quality will also be con-
sidered after the project is authorized, in line with the Bureau of the
Budget Circular No. A-67 dated 28 August 1964. Detailed requirements
for the complete hydrologic network will be presented in connection
with preconstruction planning studies.
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THE EDWARDS RESERVOIR

69. GENERAL.- The Edwards Reservoir is a segment of an aquifer
that extends some 250 miles from Austin westward to Comstock. That
segment of the aquifer known as the Edwards Reservoir, which is the
source of water for some one million people in the area including the
city of San Antonio, lies between the cities of Kyle in the Blanco River
watershed on the east and Brackettville in the West Nueces River water-
shed on the west. Ground water divides at these two locations separate
the Edwards Reservoir hydrologically from .djaent portions of the aquifer.
The centerline of the aquifer connects roughly the cities of Kyle, San
Marcos, San Antonio, Uvalde, and Brackettville. The aquifer is roughly
175 miles long and varies in width from 5 to 25 miles. The northern or
upper boundary of the aquifer coincides approximately with the upper
boundary of .the Balcones Fault Zone while the lower boundary is less
well defined, being simply the beginning of an area of low transmissibi-
lity or poor circulation. The normal flow of water to the south in the
underground reservoir is blocked by this zone where the circulation is
restricted, which causes the water to flow in an easterly direction
toward San Antonio, thence in a northeasterly direction toward Kyle.
The lower 'limit of the Edwards Reservoir is commonly called the "bad
water line." South of this line, the water is charged with notice-
able amounts of hydrogen sulfide and there is an appreciable increase
in the hardness of the water. The approximate boundaries of the reser-
voir are shown on plate 1.

70. As previously stated, one of the purposes of this investigation
is the determination of whether improvement of the yield of the Edwards
Reservoir is possible. The following excerpt from a published report 1/
is considered pertinent to this investigation:

"The dependable yield of a reservoir such as the Edwards
limestone over a long period cannot be in excess of the
average rate of replenishment. . .'® Depending on the
Edwards Reservoir to meet all future demands would
result in overpumping of the reservoir with consequent
depletion of storage and large continuing declines of
water levels in wells. Eventually the reservoir would
be depleted to such an extent that it would be impossible
to obtain more water through wells than the amount enter-
ing the reservoir as recharge, and large sections of the
reservoir would be almost completely dewatered. d". ."

Prior to the drilling of wells into the reservoir, a natural balance
existed between recharge to the reservoir and discharge from the
springs. Large scale withdrawals from wells upset this balance and
result in the lowering of water levels in the reservoir. As the reser-
voir level continues to be lowered by an excess of pumpage over recharge,
the springs stop flowing as the level drops below the spring outlets.

l/ Progress Report on the Edwards Limestone Reservoir by Wm. F. Guyton
and Associates, June 1959.
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71. RECHARGE.- Inflow to the reservoir is in the form of recharge
and cannot actually be measured, but must be estimated by one of several

methods. Ideally, the amount of recharge from a particular stream may
be determined as the difference between flow measured immediately above

and immediately below the recharge zone. If the capacity of the recharge
facility may be determined, then the measurement of flow above the

recharge zone is sufficient to determine the amount of recharge. Esti-

mates of recharge for each of the several streams crossing the zone of
recharge of the Edwards area have been determined by the most applicable

procedure and published by the San Antonio City Water Board and by the
Texas Water Commission in cooperation with the U. S. Geological Survey

and several state agencies. These recharge values were reviewed and
those published by the Texas Water Commission were adopted for use in

this report. A tabulation of the total annual recharge values for the

contributing area is given in table 45.

72. SPRINGFLOW.- The principal springs which serve as natural
outlets for the Edwards Reservoir are Leona Springs, San Antonio, and
San Pedro Springs, Hueco Springs, Comal Springs, and San Marcos
Springs. The flow from each of these springs is dependent to some
extent on the level of the underground reservoir. As the level

declined in the recent drought period, several of the springs ceased
flowing in 1950, Comal Springs ceased flowing from June 13 to about

November 3, 1956, and. San Marcos Springs experienced one of its lowest
flows of record during 1956. Flow from each of the springs has been
determined mainly by the Ground Water Branch of the U. S. Geological
Survey-and published in previous reports. A study of these spring-
flow records and the records of water levels in Beverly Lodges Well
(H-26) indicated that a good correlation existed between total
annual springflowand the year-end elevation of Beverly Lodges Well.
The curve on plate 41, resulting from this correlation, was used in
subsequent routing studies for the Edwards Underground Reservoir.
A tabulation of the total annual flow of the major springs of the

Edwards Reservoir area is given in table 45.

73. WELLS.- The first irrigation well tapping the Edwards
Reservoir was drilled about 1884. Accurate early records of with-

drawals through wells are not available but it has been estimated
that in 1897 well discharge amounted to about 29 million gallons
per day in Bexar County. The majority of the wells are in Uvalde,

Medina, and Bexar Counties. Table 46is indicative of the increase
in withdrawals through wells which has occurred in these counties
The estimated historic annual withdrawal from wells for the period
1934-1962 has been estimated by the Ground Water Branch of the U. S.
Geological Survey and is presented in table 45.
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TABLE 45

RECHARGE AND DISCHARGE - EDWARDS UNDERGROUND RESERVOIR
(1000 Acre-Feet)

: Withdrawal
Year Recharge Spring flow : through wells

1934
5
6
7
8
9

1940
1
2
3
4
5
6
7
8
9

1950
1
2
3
4
5
6

7
8
9

1960
1
2

180
1258
910
401
433
399
309
851
558
273
561
528
556
423
178
508.
200
140
276
168
161
192
44

1143
1711

690
825
693
252

Average 511

346
454
517
467
457
330
314
502
475
404
458
502
479
454
283
316
279
217
217
249
181
128
69

25.4
459
417
469
486
333

363

102
103
113
120
122
119
121
138
144
149
149
152
158
167
168
178
193
206
212
224
242
267
324
237
219
235
228
228
268

182
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TABLE 46

WITHDRAWALS FROM WELLS (ESTIMATED)

Amount :o Rate
Year Ac.Ft./Yr- MGD

BEXAR COUNTY

1897 32,400 29
1934 96,100 86
1954 207,900 186
1956 233,600 209

UVALDE AND MEDINA COUNTIES

1934 3,900 3.5
1954 26,800 24
1956 76,ooo 68

74. STORAGE CAPACITY. - The total capacity of the underground
reservoir is unknown, but by use of the water budget equation

"inflow minus outflow equals change-in-storage," the capacity of
the recorded range of fluctuation of the water surface is indicated
by the elevation of water in wells. Well elevations have been
observed and recorded over practically the entire length of the under-

ground reservoir and have been published by the Ground Water Branch of

the U. S. Gelogical Survey in several bulletins. The records of well
levels indicate that in the aquifer the water surface slopes t o the
south or southeast in the outcrop area where water table conditions
prevail and in a more easterly direction in the artesian zone. Since

the water surface slopes due to the nature of the, underground reser-
voir, it was believed that the average of the elevations of a group

of wells spaced at intervals along the major axis of the reservoir
should be used as a measure of the reservoir water surface. However,

a good correlation exists between this average elevation and the

elevation of a single well, H-26, known as the Beverly Lodges Well,

located about 4 miles northeast of the heart of San Antonio.
Accordingly, for simplicity in computations, the accumulated annual
differences in recharge and discharge were plotted versus the year-
end elevation of Well H-26. This correlation produced a reasonable

check on the elevation-storage curve shown in a previous publica-
tion.2/ The published curve has been adopted and is shown on plate 42.

Bulletin 6201 of the Texas Water Commission 3/ offers a more refined

2/Estimates of Future Water Levels in the Edwards Limestone Reservoir,
by William F. Guyton and Associates, June 1963.

3/TWC Bulletin 6201, Recharge, Discharge, and Changes in Ground-Water
Storage in the Edwards and Associated Limestones, San Antonio Area,

Texas. January 1962.
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concept of capacity of the underground reservoir. It divides the reser
voir, arbitrarily, into four divisions along its major axis and deter-
mines inflow, outflow, and storage changes for each part. The idea of
underflow, the underground flow from one segment into the next most
down-gradient segment, is introduced, and correlated with differences in
elevation of the two segments as indicated by key wells in each segment.
The accumulated annual changes in storage within each segment are
plotted against the elevations indicated by another key well within
that segment. In this manner a separate elevation-capacity relation-
ship is determined for each of the four portions of the reservoir.
Because of the many routings which had to be made and the consequent
need for a more simplified procedure, the single segment storage curve
has been adopted for use in this report.

75. DESIRED MINIMUM RESERVOIR LEVEL.- The computed storage in
the Edwards Reservoir is that storage between the recorded extremes
of elevation, or some 2-1/2 million acre-feet. However, it is known
that storage exists below the recorded low and it has been assumed in
this report that the storage capacity below this low is about 30,000
acre-feet per foot which simply represents an extrapolation of the
lower part of the curve shown on plate 42. The yield of an under-
ground reservoir cannot, over a long period of time, exceed the
average annual recharge. The reservoir might be drawn down to some
point such that no springflow would occur and the entire recharge
thereafter would be available for pumpage. In this case, if pumpage
never exceeded the average recharge during any part of the hydrologic
cycle, then the dependable yield during the critical drought period
would be the average recharge. This presumes, however, that the
level of the reservoir is drawn down far enough that even during
periods of exceptionally high recharge, the reservoir would not
refill to the spring owilets, and consequently no springflow would
occur. For various reasons, however, it is not desirable that the
reservoir level be reduced to the extreme level required to develop
the maximum pumpage. The following excerpt from a published
report 4/ is pertinent to this point:

"t a o oAnother factor limiting the safe yield of wells
in the reservoir is the presence of water of poor quality
in the Edwards formation south and southeast of the
Edwards Reservoir. There is apparently no barrier to
the movement of this water into the fresh water area
if water levels are lowered in the Edwards Reservoir
sufficiently and the present hydraulic gradient

4/ The Edwards Limestone Reservoir by Wm. F. Guyton and Associates,
November 1955.
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"is reversed. If part of the reservoir becomes
contaminated in this manner, it will be made
useless as a source of fresh water in the
future."

It is not known to what level the reservoir would have to be
lowered before the intrusion of the water of poor quality would
begin. The volume of water which would move from the bad water area
is unknown, and consequently the overall effect of the lowering of
the water level cannot be predicted. However, it is considered that
in view of the possible consequences of the contamination of the
reservoir, the level should not be lowered appreciably beyond its
historic low point.

76. METHOD OF UNDERGROUND RESERVOIR ROUTING.- For purposes
of analysis, the underground reservoir may be thought of as a large
surface reservoir with several controlled and uncontrolled outlets
at varying levels. The inflow to the reservoir is largely derived
by seepage from streams that cross the outcrop of the aquifer in the
Blacones Fault zone0o The uncontrolled outflow takes place as spring-
flow and the controlled outflow is in the form of pumpage. The reser-
voir level fluctuates in reponse to the imbalances in inflow and out-
flow in a manner somewhat similar to that of a surface reservoir0o
In order to determine the yield of the Edwards Reservoir which might
be associated with varying levels of drawdown, routings were made
utilizing the storage curve shown on plate 40, the inflow (recharge)
given in table 45, the elevation-springflow relation shown on
plate 41, and several constant pumpage rates. In view of the esti-
mated nature of the inflows, the inherent inaccuracies in the
relations between storage, springflow, and elevation, annual rather
than monthly routings were made. Based upon the relations noted
above, a check routing wherein historic pumpage was used indicated
reasonably good results.

77. RESULTS OF ROUTINGS UNDER EXISTING CONDITIONS.- A number
of routings were made under existing conditions to determine the
yield of the Edwards Reservoir if the pumpage were constant during
the period 1935-1962. Plate 43 presents the computed levels for the
Edwards Reservoir based upon constant annual pumpage rates of
175,000 acre-feet, 234,000 acre-feet, 300,000 acre-feet, and 400,000
acre-feet with no new upstream surface reservoirs constructed.
Table 47 presents the computed average annual springflow and the
low point of elevation for each of the above pumpage rates.
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TABLE 47

COMPARISON OF THE EFFECT OF
VARYING PUMPAGE RATES

Average annual Elevation of
Pumpage springflow (1) lowest water level (2)

(ac. ft./annum): (ac. ft./anum) (ft. msl)

EXISTING CONDITIONS

175,000 335,700 624
234,000 292,900 612
300,000 251,000 596
400,000 196,000 566

(1) Average annual springflow based on period 1935 through 1956.
(2) Level at Well H-26 (Beverly Lodges Well).

The above routings cover a period of record from 1935 through 1962;
however, the period of record that is used to evaluate the differ-
ences in average annual recharge, springflow, and pumpage is from
1935 through 1956. This interval includes a period of high rain-
fall and resulting runoff, and the most critical drought of record.

78. METHODS OF OPERATING SURFACE WATER RESERVOIRS FOR
RECHARGE.O The provision of surface storage reservOirs upstream
from the fault zone enables the storage of flood flows, which,
because of the high rates involved, would flow across the fault
zone. The plans of operation that were considered for the surface
reservoirs are as follows:

a. Releasing the yield of the reservoirs at a constant
rate to the underground reservoir, assuring a supply even during
the critical period.

b. Holding the water in storage until the underground
reservoir reaches some predetermined level and then releasing
sufficient water to maintain the reservoir at that level.

c. Releasing the stored water from the reservoirs at
rates equal to or less than the recharge rates, assuring that all
of the runoff would be introduced into the underground reservoir
as quickly as possible following runoff.
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79. COMPARISON OF METHODS OF OPERATION.- Table 48 presents a
comparison of the average annual pumpage and springflow from the
Edwards Reservoir for the period 1935-1956 based upon the three
different plans of operation.

TABLE 48

COMPARISON OF THE EFFECT OF
SELECTED OPERATION PLANS

Average Total Elevation
annual : springflow : of lowest

Pumpage Method of springflow (1)> and pumpage :water level(2)

ac. ft./annum) Operation (ac. ft./annum:(ac. ft./annum): (ft. msl

234,000 Existing condi-
tions 292,900 526,900 612

278,000 Release depend-
able yield 271,700 549,700 612

307,000 Release during
drought period
to maintain 612

elevation 233,000 540, 000 612
263,000 Immediate re-

charge 327,800 590,800 612

(1) Average annual springflow based on period 1935 through 1956.

(2) Level at Well H-26 (Beverly Lodges Well).

In each case, Montell, Con can, and Sabinal Reservoirs are considered
as the system of reservoirs modifying the natural recharge. As indi-
cated in table 48, the high evaporation rate in this region prevents
the efficient and effective recharge of the Edwards Reservoir by

storage of floodwaters in permanent conservation pools thereby elimina-

ting the first two plans listed in paragraph 78. The third method of
operation would enable the development of maximum water resources at
the dam sites with a minimum loss of the resources to evaporation.

Studies were made of the effect on the underground water level of

various systems of surface reservoirs to be constructed above the

fault zone. The locations of the investigated surface reservoirs.

are shown on plate 4. Analyses of the benefits and costs of the

investigated projects resulted in the recommendation of only three

reservoirs for the modification of the recharge to the Edwards Reser-

voir. These projects, which are located on plate 13, are Montell

Reservoir on the Nueces River, Concan Reservoir on the Frio River, and

Sabinal Reservoir on the Sabinal River, Plate 44 indicates the effect
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TABLE 49

PHYSICAL EFFECTS OF THE PLAN

Estimated average Estimated average annual recharge (ac-ft.)* Average annual runoff at : Drainage area**
annual resources : : :lower edge of Edwards outcrop*: (sq. mi.

above lower edge of : Existing : Modified : Increase due to : Existing Modified
Stream** : Edwards outcrop (ac-ft)* conditions : conditions : reservoir projects : conditions : conditions : Total Controlled

GUADALUPE RIVER BASIN

Blanco River and adjacent area 99,500 25,400 25,400 0 74,100 24,200(1) 514 307

Guadalupe River 246,000 0 0 0 246,000 74,100(2) 1,510 1,425

Dry Comal Creek 28,900 20,500 20,500 0 8,400 8,400 98 --

SUBTOTAL - Guadalupe River Basin 374,400 45,900 45,900 0 328,500 106,700

SAN aNTONIO RIVER BASIN

Cibolo Creek 58,900 54,100 54,100 - 0 4,800 4,800 258 --

Salado Creek 24,400 21,400 24,400(3) 3,000(3) 3,000 0 118 118

Leon and San Geronimo Creeks 29,300 27,600 27,600 0 1,700 1,700 152 --

Medina River 94,30042,700 42,700 0 6,400(4) 6,400(4) 630 613

SUBTOTAL - San Antonio River Basin 206,900 145,800 148,800 3,000(3) 15,900 12,900

NUECES RIVER BASIN

Verde Creek 18,700 14,600 14,600 0 4,100 4,100 108 --

Rondo Creek 23,500 18,300 18,300 0 5,200 5,200 136 --

Tributary areas 13,700 10,700 10,700 0 3,000 3,000 79 --

Seco Creek 15,400 12,000 12,000 0 3,400 3,400 89 --

Sabinal River 33,900 17,600 33,400 15,800 16,300 500 214 210

Blanco and Hackberry Creeks 4,100 2,100 2,100 0 2,000 2,000 26 --

Little Blanco Creek 2,500 1,300 1,300 0 1,200 1,200 16 --

Frio River 65,000 40,000 61,500 21,500 25,000 3,500 432 391

Two Tributaries 2,700 1,700 1,700 0 1,000 1,000 18 --

Dry Frio River 27,000 17,100 17,100 0 9,900 9,900 140 --

Leona River 6,800 4,300 4,300 0 2,500 2,500 35 --

Deep Creek 3,500 2,200 2,200 0 1,300 1,300 18 --

Nueces River 98,700 64,400 91,000(5) 26,600(5) 34,300 3,400 784 707

Indian Creek 6,400 4,200 4,200 0 2,200 2,200 51 --

Four Tributaries 7,700 5,000 5,000 0 2,700 2,700 61 --

West Nueces River 29,800 16,000 16,000 0 13,800 13,800 905 --

SUBTOTAL - Nueces River Basin 3p,40 295400(5) 6 (5) 1270 .59,700

TOTAL - Edwards Reservoir Area 940,700 423,200 490,100(3)(5) 66,900(3)(5) 472,300 179,300

* The annual resources, recharge and runoff (exclusive of springrLow) at the lower edge of the Edwards outcrop are averages for the period 1935-56.
** The drainage area at lower edge of the Edwards outcrop, as indicated on plates 2 and 3.

*** Location of dam sites shown on plate 13.
(1) Reduced by estimated net inflow of 49,900 ac-ft/yr to Cloptin Crossing.
(2) Reduced by estimated net inflow of 171,900 ac-ft/yr to Dam No. 7 - Canyon Reservoir system.

3) Using 16 SCS detention structures on Salado Creek (1962 Work Plan), for increase of 3,000 ac-ft/yr.

4) Does not include approximately 45,200 ac-ft/yr combined loss to evaporation and use for irrigation.

5) Does not include 4,300 ac-ft/yr (4 mgd) to be delivered to downstream areas.



on the Edwards Reservoir of this system of reservoirs by comparing
underground reservoir levels and pumpage rates for the period 935-
1962. Several rates of constant pumpage were used in preliminary
routings both with and without the recharge reservoirs in the system.
The comparison presented, however, is only for those rates of
pumpage which, for natural and modified conditions, reproduced the
historic low level (elevation 612) for the underground reservoir.
The plate indicates that under the stated conditions, the increase
in average annual pumpage is 29,000 acre-feet. In addition, flow
from the major springs was increased by an average of 34,900 acre-
feet annually. Water levels in the underground reservoir will be
higher with the surface reservoirs in the system for recharge
purposes. Under the modified recharge conditions the water levels
would range from 1 to 13 feet higher and would average 2 feet higher
during the 1935-1956 period. Table 49 shows an estimated geographi-
cal distribution of the average annual recharge under natural condi-
tions and the additional average annual recharge creditable to the
recommended plan of improvement.

128



EFFECTS OF PLAN ON DOWNSTREAM RESERVOIRS

80 NUECES RIVER BASIN,

a0 The master plan prepared by the Nueces River Conserva-
tion and Reclamation District includes the proposed construction of
Concan and Sabinal Reservoirs on the Frio and Sabinal Rivers, respec-
tively, for recharge of the Edwards Underground Reservoir. The
District has indicated that these recharge projects would have only a
negligible effect on downstream water rights. The master plan also
recommends construction of the Tom Nunn Hill and the Cotulla Reservoirs
and the enlargement of Wesley Seale Reservoir0 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, respec-
tively, and that the conservation storage capacity in the existing
Wesley Seale Reservoir be enlarged from 300,000 to 500,000 acre-feet.
The reservoirs included in the master plan are located on plate l

b. The plan of development for the Edwards Reservoir area
has been formulated in consonance with the improvements proposed in
this master plan0  Although Montell Reservoir is proposed in lieu of
Tom Nunn Hill Reservoir, storage in the Montell project, with the
channel dam and pipeline facilities included, would furnish to the
Reclamation District the dependable yield of the Tom Nunn Hill project0
The dependable yield for Tom Nunn Hill Reservoir has been estimated
to be 4,300 acre-feet per year (6 second-feet). To obtain a yield of
4,300 acre-feet per year from Montell Reservoir a net conservation
storage of 1,000 acre-feet has been recommended. In addition, sub-
stituting Montell Reservoir in the Tom Nunn Hill-Cotulla-Wesley Seale
Reservoir system for Tom Nunn Hill Reservoir would not have an adverse
effect on the yield of Wesley Seale Reservoir.

c. Examination of the resources of the Cotulla Reservoir
indicates that under natural conditions the Nueces River loses large
quantities of water to the Edwards Underground Reservoir as the stream
crosses the outcrop of the Edwards limestone in the Balcones Fault
zone..In addition, the river loses flow to the alluvial gravels and
sand formations downstream from the fault zone. It is estimated that
under existing conditions, flow occurring at the Montell Dam site at
the rate of 14,000 acre-feet per month would be lost in transit
through the fault zone and the gravel and sand formations downstream
from the fault zone, and no part of such flow would reach the Cotulla
Reservoir0  Similarly, it is estimated that under natural conditions
a flow of 60,000 acre-feet per month at the Montell Dam site would be
reduced to only 10,000 acre-feet at the Cotulla site0  It is estimated
that if Tom Nunn Hill Reservoir had been in operation during the
critical drought period, 1947-1956, the September 1955 storm would
have produced the only runoff in the upper basin during this period
which would have reached the Cotulla Reservoir. It is estimated that
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the flow reaching Cotulla Reservoir would have been approximately
16;100 acre-feet. If Montell Reservoir were constructed in lieu of
Tom Nunn Hill Reservoir, this flow would not have reached the Cotulla

Reservoir. It is considered, however, that the probability of the

recurrence of a flood of the magnitude of the September 1955 flood
(largest for peak discharge since 1854) during some future critical
drought period is so remote that it should be disregarded in estab-
lishing reservoir size or yield. This flood was produced from a
storm centered over a small area in the upper Nueces River Basin.
If this flood were disregarded, construction of Montell Reservoir
in lieu of Tom Nunn Hill Reservoir would not have an adverse effect
on the yield of either of the two downstream reservoirs as presented
in the master plan.

81. GUADALUPE RIVER BASIN.

a. The plan of development for the Guadalupe River Basin
is set forth in the "Supplement to the Initial Plan of Development of
the Guadalupe-Blanco River Authority," dated May 1961. This master
plan provides for the construction of Cloptin Crossing Reservoir, but
at a smaller size than that recommended in.this report. The master plan
also provides for construction of Dam No. 7 Reservoir in case excessive
leakage is experienced at Canyon Reservoir; however, it would provide
less storage than the project recommended in this report. The locations
of the reservoirs included in the master plan are shown on plate 1.

b. 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 indicated that the criti-
cal drought period at each of the above reservoirs occurred during the
period from June 1947 through February 1957. During this period there
would be no reservoir spills from the Cloptin Crossing and Dam Nom 7
projects as recommended in the master plan and, consequently, the

increase in size of the upstream projects could not decrease the in-
flow 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 recommended in this
report.

c. If the Montell, Concan, and Sabinal Reservoirs in the
Nueces River Basin were constructed and operated to recharge the
Edwards Underground Reservoir, and if the plan were adopted to limit
the pumping from the aquifer to 263,000 acre-feet per year, the addi-
tional springflow from the Comal, Hueco, and San Marcos Springs in
the Guadalupe River Basin would increase the resources of Cuero
Reservoir by about 17,600 acre-feet annually.
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HYDRAULIC DESIGN

82. GENERAL.- A study was made of the Edwards Underground
Reservoir watershed to determine the hydraulic characteristics under
existing conditions, and for various plans of improvement which would
alleviate flooding and increase ground water recharge and water con-
servation.

83. WATER-SURFACE PROFILES - EXISTING CONDITIONS.- Backwater
studies of selected water courses in the survey area were made to
establish water-surface profiles, limits of flooding, and channel
capacities under existing conditions. The backwater computations
were based on the Manning formula in accordance with paragraph 10 of
EM 1110-2-1409, 7 Dec 1959, using coefficients of roughness, n, of
0.035 to 0.050 for the existing channels and 0.060 to 0.100 for the
existing overbanks. The studies were correlated with high-water data
and stream-gaging station records. Plates 45 through 52 show the
profiles of the major rivers and creeks in the Edwards area and their
historical high-water profiles, which are based on high-water marks,
stream-gaging records, and available historical information.

84. PLAN OF IMPROVEMENT 0 - Possible damsites, individually and
in conjunction with other sites, and related pipeline distribution
systems were investigated. The recommended plan of improvement would
consist of two multiple-purpose reservoirs, Montell and Cloptin Cross-
ing; two recharge and flood-control reservoirs, Concan and Sabinal,
to be constructed by the Federal Government, and one conservation-
only reservoir, Dam No0 7, to be constructed by local interests.
Also in conjunction with Montell Dam, there would be a channel dam
and pipeline to convey low-flow discharges from Montell Reservoir
across a downstream loss zone.

85. MONTELL DAM-SPILLWAY.- The Montell Dam would be located
on the Nueces River at river mile 401.6, with the spillway in the
left bank. The spillway would consist of a 960-foot uncontrolled
broadcrested weir with crest at elevation 1331.0. Details of the
dam and spillway are shown on plate 53. Under conditions of the
spillway design discharge (570,600 second-feet), the reservoir would
be at elevation 1366.0. The spillway rating curve, adjusted for ap-
proach losses, is shown on figure 2, plate 54.

86. MONTELL DAM-OUTLET WORKS.- The flood-control outlet works
would consist of a 15-foot diameter conduit controlled by three
5-foot, 8-inch by 12-foot tractor-type gates. The conduit would be
located in the main embankment, with inlet invert at elevation 1216.0
and outlet invert at elevation 1214.0., as shown on plate 53. The
outlet works would be used for diversion during construction, for the
passage of flood releases, and for the passage of low-flow discharges.
The capacity of the conduit with the reservoir water surface level at
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top of conservation pool, elevation 1237.0, and at maximum design water
surface, elevation 1366.0, would be about 3,400 second-feet and 10,40.
second-feet, respectively. Figure 1, plate 54 shows the rating curve
for the outlet works.

87. MONTELL DAM - TAILWATER RATING CURVE.- The tailwater rating
curve at the Montell Dam site is shown on figure 3, plate 54. This
rating curve was developed by slope-area computations at the dam site.

88. CONCAN DAM - SPILLWAY.- The Concan Dam would be located on
the Frio River at river mile 226.2, with the spillway in a saddle on
the right bank. The spillway would consist of a 1,030-foot uncon-
trolled broadcrested weir with crest at elevation 136605. Details of
the dam and spillway are shown on plate 55. Under conditions of the
spillway design discharge (425,300 second-feet), the reservoir would
be at elevation 1394.2. The spillway rating curve, adjusted for ap-
proach losses, is shown on figure 2, plate 56.

89. CONCAN DAM - OUTLET WORKS.- The outlet works would consist
of a 13-foot diameter conduit controlled by two 6-foot by 13-foot
tractor-type gates. The conduit would be located in the main embank-
ment, with inlet invert at elevation 1240.0 and outlet invert at ele-
vation 1238.0, as shown on plate 55. The outlet works would be used
for diversion during construction and for passage of flood-control
releases. The capacity of the conduit with reservoir water surface
level at spillway crest, elevation 1366.5, and at maximum design water
surface, elevation 1394.2, would be about 8,000 second-feet and 7,700
second-feet, respectively. The outlet works rating curve is shown on
figure 1, plate 56.

90. CONCAN DAM - TAILWATER RATING CURVE.- The tailwater rating
curve at the damsite is shown on figure 3, plate 56. The tailwater
rating curve was developed by backwater methods from the U. S. Geo-
logical Survey stream-gaging station Number 081950 on the Frio River
at Concan, Texas, 2.1 miles downstream from the dam site, and extended
by slope-area computations to encompass the spillway design discharge.

91. SABINAL DAM - SPILLWAY.- The Sabinal Dam would be located
on the Sabinal River at river mile 42.3, with a gated spillway ad-
jacent to the river channel. The spillway would consist of a 240-
foot ogee weir with crest at elevation 1196.5, controlled by six 40-
by 30-foot tainter gates separated by five 8-foot piers. Details of
the dam and spillway are shown on plate 57. Under conditions of the
spillway design discharge (270,600 second-feet), the reservoir water
surface level would be at elevation 1238.8. Figure 2, plate 58
shows the rating curve for the spillway.

92. SABINAL DAM - OUTLET WORKS,- The outlet works would con-
sist of two 3-foot by 6-foot conduits located in two gate piers.
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S Profiles above mile 44 from USGAS quadrangle sheets

6 Profiles below me 44 from Corps of Engineer survey.
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Each conduit would have intake invert at elevation 1130.0 and would

be controlled by 4F3.foot; by 6-foot slide gate, as shown on plate 570
The outlet works would be used for diversion during construction

and for passage of flood-control releases. The total capacity of
the outlet works with reservoir water surface level at spillway
crest, elevation 119645, and at maximum design water surface, ele-

vation 1238.8, would be about 1,420 second-feet and 1,850 second-

feet, respectively. The outlet works rating curves are shown on

figure 1, plate 58,

93. SABINAL DAM TAILWATER RATING CURVE,- The tailwater
rating curve at the dam site is shown on figure 3, plate 58. This
rating curve is based on the rating curve developed for the U. S.
Geological Survey stream-gaging station Number 081980 on the
Sabinal River near Sabinal, Texas, in the vicinity of the dam site.

94. CJOPTIN CROSSING DAM - SPILLWAY.- The Cloptin Crossing
Dam would be located on the Blanco River at river mile 32.5, with the
spillway in a paddle on the left bank. The spillway would consist
of a 760-foot uncontrolled broadcrested weir with crest at elevation
998.0. Details of the dam and spillway are shown on plate 590

Under conditions of the spillway design discharge (187,200 second-

feet), the reservoir would be at elevation 1017.50 The spillway
rating curve, adjusted for approach losses, is shown on figure 2,
plate 60.

95. CLOPTIN CROSSING DAM - OUTLET WORKS.- The flood-control
outlet works would consist of a 13-foot diameter conduit controlled

by two 6-foot by 13-foot tractor type gates. The conduit would be

located in the main embankment, with inlet invert at elevation
855.0 and outlet invert at elevation 852.0, as shown on plate 59-
The outlet works would be used for diversion during construction,
for the passage of flood releases, and for the passage of low-flow
discharges. The capacity of the conduit with reservoir water sur-

face at top of conservation pool, elevation 980.5, and at maximum

design water surface, elevation 1017.5, would be about 8,100
second-feet and 9,200 second-feet respectively. Figure 1, plate 60

shows the rating curve for the outlet works.

96. CLOPTIN CROSSING DAM - TAILWATER RATING CURVE.- The tail-

water rating curve at the dam site is shown on figure 3, plate 60.

This rating curve was developed by backwater methods from the

U. S. Geological Survey stream-gaging station Number 081710 on the

Blanco River at Wimberley, Texas, 2.5 miles downstream from the dam

site. Results of the backwater study were correlated with observed

flood flow data.

97. CHANNEL DAM AND PIPELINE.- A pipeline for conveying con-
servation water across an infiltration loss zone existing in the

147
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Nueces River channel from about river mile 386.5 to 377.3 would be
constructed adjacent to the river channel downstream from Montell
Reservoir. The pipeline would have gravity flow and would consist of
24-inch diameter concrete pipe with an average grade of about 0.3
percent. A low channel dam would be constructed at Nueces River
mile 387.0 to establish the necessary entrance conditions for the
conduit. The pipeline would be about 8.5 miles long and would dis-
charge back into the Nueces River channel at about river mile 376.5.
The capacity of the pipeline would be from 6 to 12 second-feet and
the average velocity in the conduit would be about 4 feet per
second. The details for this pipeline are shown on plate 61.
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SUMMARY

Studies have been conducted in the "San Antonio Area" to devise
effective means of accomplishing the recharge and replenishment of the
Edwards Underground Reservoir as a part of the plan for flood control,
water conservation, and other related water uses. Geological investi-
gations for this study have been directed toward three principal phases
(1) to locate and explore suitable dam and reservoir sites on the
important rivers and streams in the Nueces, San Antonio, and Guadalupe
River Basins; (2) to study the geology of the Edwards and associated
limestones aquifer in particular and the regional geology in general;
(3) to study the water movement in the Edwards Underground Reservoir.

Consideration of methods to increase the dependable yield of the
Edwards Underground Reservoir for pumping involved: (1) Control of
the major springs to prevent heavy losses of underground reservoir
storage; and (2) control of recharge to the aquifer by the construc-
tion of surface reservoirs on the principal streams in the area that
contribute recharge to the underground reservoir.

Approximately 67 percent of the discharge from the Edwards
Underground Reservoir, during the period from 1935 to 1956, has been
through major springs along the Balcones fault zone. Therefore, to
control the major springs,consideration was given to the construction
of ring dikes around the springs to equalize the hydrostatic head in
the underground reservoir. The problems involved in such an under-
taking, howevercan be realized when one of the areas is examined.
For example, Comal Springs, the largest of the group, consists of a
number of springs issuing from fissures in the Edwards limestone
along the base of the Comal Springs fault. The springs extend for a
distance of about 500 yards along the escarpment in a highly developed
area. Because of the intense faulting in the area there could be no
assurance that construction of a ring dike along the length of the
Comal Springs fault where the springs emit would prevent the artesian
pressure from increasing and causing breakouts in a number of other
locations. Studies were also made of the feasibility of constructing
a grout curtain across the Edwards Underground Reservoir southwest of
Comal Springs at a location where the reservoir narrows to about 5
miles in width. Information developed from the Edwards core boring,
located in this general area, shows the top 432 feet of the 482 feet
of Edwards and associated limestones penetrated to be highly broken
and solutioned. Therefore, to substantially reduce the flow in this
area, a grout curtain about 5 miles in length with depths up to 700
feet would be required. In addition to the high cost of such a proj-
ect, the hydrostatic head within the aquifer would probably prevent
successful construction of a grout curtain of this nature.

From gage records of the U. S. 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
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cubic feet per second along the Sabinal River to about 1,000 cubic feet

per second along the Nueces River. Major storms in the last 30 years

have produced peak discharges in the stream channels of the Nueces

River Basin in excess of 600,000 cubic feet per second. The base flow

of most streams in the Edwards Plateau is lost to the underground res-

ervoir where the streams cross the outcrop 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 under-

ground aquifer as they flow over the loss zone. This can only be pro-

vided by constructing dams on the major rivers and creeks upstream

from the fault zone. It has been determined, however, that the high

evaporation rate in this region would prevent the efficient and effec-

tive recharge of the Edwards Underground Reservoir by the storage of

these floodwaters in permanent conservation pools.

Geological investigations were conducted on the major streams of

the Edwards Plateau prior to selecting dam sites for detailed founda-

tion exploration. These investigations showed that, with very few

exceptions, the sedimentary rocks of the Glen Rose, Edwards, and

Comanche Peak formations which outcrop in the streambed and along the

canyon walls are all structurally suitable as a foundation for proposed

structures. Therefore, selection of the final location for the reser-

voir projects was not limited by foundation conditions, but instead

was based on requirements of the proposed reservoirs'. Reservoirs con-

sidered for permanent conservation pool were located upstream of the

heavy loss areas associated with the Balcones fault zone. Reservoir

leakage, however, does not present a problem in construction of proj-

ects for flood control and recharge only. For this reason one project

was located in the fault zone. Where any dam is located in an area of

known faulting the alignment of the structure should be adjusted, where

possible, to avoid major faults that may be discovered during the

detailed preconstruction exploration.

Streams in the Edwards Plateau carry a considerable volume of sus-

pended solids, especially during flood stages, and it is reasonable to

assume that a portion of this material is deposited into openings

through which recharge water infiltrates. The construction of a dam

across these streams would cause a large percentage of the stream-

transported material to be deposited on the reservoir floor. This

sediment cover may reduce to a small degree the overall recharge capa-

bilities of the bedrock. However, recharge to the aquifer is primarily

through a system of interconnecting open joints and channels in the

rock which extend across the streambed into the canyon walls. Siltation

would not affect leakage along these rocks which comprise the rim of

the reservoirs. Medina Dam and Diversion Dam, constructed in the fault

zone on the Medina River, have been in operation for 50 years, and there

is no evidence that leakage from the reservoir has declined during this

period.
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Based upon economic, hydrologic, and geologic investigations, the
following projects, shown on plate 34, Plan of Improvement, have been
found to be economically justified:

a. For authorization and construction by the Federal
Government:

,1) Montell Reservoir on the Nueces River for flood
control, water supply, recharge, recreation, and fish and wildlife pur-
poses, including a channel dam and a pipeline to provide water supply
to the 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 con-
trol, recharge, and recreation purposes.

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

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

All of the dams will be located on sedimentary rocks suitable for
construction of the proposed structures. Montell and Cloptin Crossing
will be founded on the Glen Rose limestone. Concan will be founded on
Glen Rose limestone in the valley and on the left abutment, but will
rest on the Comanche Peak and basal Edwards on the right abutment.
Sabinal Dam site will be located in the Balcones fault zone on the

Comanche Peak and Edwards limestones. Dam No. 7 will be founded on
the lower member of the Glen Rose limestone and the Travis Peak for-
mation. Montell Dam site will be constructed across a broad, alluvium-
filled valley about 2 miles south of Montell. A cutoff trench will be
required through the 45 feet of pervious alluvium covering the bedrock.

Faulting was not discovered at the dam site itself, but several wide

fracture zones and faults were discovered in the reservoir. One such
fracture zone, located north of the right abutment, shows some evidence
of solutioning and may require additional exploration to determine its
leakage potential. Uoncan Dam site is located on the Frio River about

1-1/2 miles north of Concan. Exploration has shown the bedrock to be
suitable for the proposed structure although some faulting was encount-

ered. The right abutment has been downfaulted about 70 feet with
respect to the left abutment. Future exploration must be directed to

locate the areas of intense faulting in the vicinity of the site. The

proposed Sabinal Dam is located on the Sabinal River about 11 miles

north of Sabinal. The site is situated in a narrow canyon about one-

half mile downstream from the Woodward Cave fault which has a
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stratigraphic displacement of about 175 feet. Since the site is located
in the Balcones fault zone, additional exploration will be required to
locate all of the faults which could possibly affect the structure founda-
tion. Cloptin Crossing is located on the Blanco River about 2 milessouthwest of Wimberley. Limited exploration has shown the foundation
rock to be suitable, free of any major structural disturbances. Dare
No 7 will be located on the Guadalupe River 11 miles northeast of
Boerne, The limestone and dolomite rocks are satisfactory as struc-
ture foundations. Relatively high grout -takes are anticipated on the
left abutment where joint planes are well developed and solutioning
has occurred. Reservoir leakage is not expected to be significant.

The injection system of artificial recharge, whereby waters are
introduced into an aquifer by means of wells, caves, crevices, and
other openings, has been used in Uvalde County since the early 1950's.
The injection structures generally consist of low concrete dams
located a short distance downstream from grate-covered openings in
the bedrock. Recharge structures of this general type have been con-
structed on Indian Creek, Leona River, Dry Frio River, and the Sabinal
River north and northeast of Uvalde. However, because of the lack of
stream gage stations and strategically located recorder wells in the
Edwards and associated limestones, attempts to evaluate the benefits
derived from these small recharge structures have not been completely
successful. Some flood waters that would otherwise escape are
diverted into the Edwards and associated limestones aquifer, but just
how much,or whether exPend-tures necessary to capture this water are
justifiedis not known. Although the proposed plan of improvement
will provide for the capture and control of available recharge water
on three of the major streams, there are some areas, such as Seco
Creek, where large flood control and recharge structures could not
be justifiedbut where the small retention-type structures would
possibly be effective. If at a later date such structures are found
to be necessary and economically -justified, care will have to be
exercised in locating them where it is certain the water will find
its way into the Edwards Underground Reservoir.
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SURVEY REPORT
ON

EDWARDS UNDERGROUND RESERVOIR
GUADALUPE, SAN ANTONIO AND NTJECES RIVERS

AND TRIBUTARIES, TEXAS

APPENDIX III

GEOLOGY

INTRODUCTION

l. PURPOSE AND SCOPE - The purpose of this report is to update
existing information and to present new data obtained during the
geologic investigation of the Edwards Underground Reservoir. The
objective of the investigation outlined in the plan of survey was to
devise effective means of accomplishing the recharge and replenishment
of the Edwards Underground Reservoir as part of plans for flood control,
water conservation, and other related water uses in the Nueces, San
Antonio, and Guadalupe River Basins of Texas. This report details the
geology of the area which comprises the Edwards Underground Reservoir;
the results of the foundation and reservoir investigation for eight
dam sites; and the results of special geologic investigations,

20 LOCATION.- The area covered by this report comprises some
6400 square miles located in south-central Texas in the upper limits
of the Nueces, San Antonio, and Guadalupe River Basins. The Edwards
Underground Reservoir, the area's most valued natural water resource,
lies along the southern boundary of this area. The Reservoir lies
between the cities of Brackettville in Kinney County and Kyle in Hays
County where hydraulic divides or barriers control the waterflow in
the "San Antonio Area." The centerline of the aquifer connects,
roughly, the cities of Kyle, San Marcos,9 New Braunfels, San Antonio,
Hondo, Uvalde, and Brackettville0 Its overall length is about 175
miles and it varies in width from 5 to 40 miles, The northern boundary
for the artesian aquifer is located at the southern edge of the Edwards
Plateau, and the southern boundary corresponds to the so-called "bad-
water" line in the ground water zone0a The "bad-water" line is an
arbitrary line used to divide the water in the Underground Reservoir
into that with less than 1000 ppm dissolved solids and that with
more than 1000 ppm dissolved solids0o Three formations, considered
as a single hydrological unit and commonly referred to as the Edwards
and associated limestones, make up the aquifer0 They are, from
oldest to youngest, the Comanche Peak, Edwards, and Georgetown. The
Edwards and associated limestones average between 350 and 500 feet
thick in the artesian zone between the outcrop area and the "bads,
water" line0

3. PREVIOUS INVESTIGATIONS.- Because of its importance to economic
and industrial development in the San Antonio area, the Edwards lime-
stone reservoir has been one of the most intensively studied aquifers
in Texas. Many investigations have been made of the geologic and
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hydrologic character of this underground reservoir since 1900. In
recent years extensive studies have been conducted by private con-
sultants and by U. S. Geologic Survey in cooperation with the Texas
Water Commission, San Antonio City Water Board, San Antonio City
Public Service Board, Bexar County Metropolitan Water District, and
the Edwards Underground Water District. In 191.9, the San Antonio
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 Bexar, Bandera, Comal, Edwards, Hays, Kinney, Medina,
Real, and Uvalde Counties ), paying particular attention to the
Edwards limestone aquifer. Information contained in these and other
publications has been utilized freely for preparation of this report
and is referenced in the accompanying bibliography.
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GEOLOGY

4. PHYSIOGRAPTY. - The study area lies within two physiographic
provinces, the Edwards Plateau and the West Gulf Coastal Plain, which
are separated by a variable width zone of faulting known as the
Balcones fault zone. The area to the north of the fault zone, locally
referred to as the "hill country", is situated in the Edwards Plateau
section of the Great Plains province. Its principal characteristics
are those of a young plateau with a mature margin of moderate to
strong relief. Principal streams, near their headwaters, have cut
narrow canyons into Lower Cretaceous limestone strata which comprise
the plateau and, as they progress south and southeast toward the
southern margin of the plateau, they meander and have formed very
broad, alluvium-filled valleys. Vegetation, consisting of shrubs,
scrub oak, cedar, and chaparral trees, covers the valley bottoms and
hillsides, but is conspicuously absent in the undissected uplands.
The West Gulf Coastal Plain section of the Coastal Plains province
lies south of the Balcones fault zone and features a young to mature
coastal plain. The area is generally flat and featureless except
for occasional low hills formed by shallow intrusive plugs.

5. Although local relief is usually less than 500 feet, the
elevation in the study area varies from slightly less than 400 feet
in the coastal plain to over 2200 feet in the plateau area.

6. LITHOLOGY AND WATER-BEARING PROPERTIES OF FORMATIONS.
Plate 1 shows the areal distribution of the Edwards and associated
limestones, formations younger and older than the Edwards and
associated limestones, and traces of-major faults in the study
area. Table 1 shows the geologic formations in the study area wit:
a brief summary of their lithologic characteristics and water-

bearing properties.

a. Pre-Cretaceous rocks.- Rocks of pre-Cretaceous age
do not crop out in the study area. Drillers' logs of wells which have
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penetrated these strata indicate they include schist, slate, black

limestone, and sandstone at variable depths. In the study area these
Paleozoic rocks are not generally considered as being water productive.

b. Cretaceous system.- At the end of the Paleozoic era the

sea retreated from central Texas and the land remained above sea level

during the Triassic and Jurassic periods. In early Cretaceous time

the sea advanced once more, depositing a wedge of sedimentary rocks on

an eroded Paleozoic land surface. Based on the work of others, these

rocks have been divided into three series which are, from oldest to

youngest, the Coahuila of Mexico, the Comanche, and the Gulf.

(1) Equivalents of Coahuila Series of Mexico.- The

Hosston and Sligo formations form a wedge of sedimentary rock over-
lying the Paleozoic basement complex. These formations, correlatable
with the Coahuila series which outcrops in Mexico, occur only in the

subsurface of the study area. They are composed chiefly of sandstone,
shale, and limestone which reportedly reach a maximum thickness of
about 1100 feet in Bexar County.l/* The Sligo formation is not con-
sidered water-bearing, but some of the Hosston sandstones in Bexar

County reportedly yield a small to moderate quantity of potable water.

Because the formations are generally penetrated only by oil tests,
which are not concerned with ground water, very little is known about
the water-bearing capabilities of the rocks.

(2) Comanche series.- Rocks comprising the Comanche

series have been divided into three groups which are, from oldest to
youngest, the Trinity, Fredericksburg, and Washita. The Travis Peak

formation of the Trinity group is the oldest outcropping formation in
the study area.

(a) Trinity group.- The Trinity group consists of
two formations which are, in ascending order, the Travis Peak and Glen
Rose formations.

1. Travis Peak formation.- Rocks comprising
the Travis Peak formation have been divided into three members; the

Sycamore sand member, the Cow Creek limestone member, and the Hensell
member. The formation does not crop out in Uvalde, Medina, or Bexar

Counties but its subsurface equivalent, represented by the Pearsall
formation, is found overlying the Hosston formation at depth. In the

northwest part of Comal County, rocks assigned to the Cow Creek and

Hensell members crop out in the Guadalupe River valley. The Geological
Survey_6/ reports the Sycamore member does not crop out and is prob-
ably not present in the subsurface in the county. All the members

*The numbers 1/, etc., pertain to specific references in the

bibliography at the end of this appendix
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TABLE - GEOLOGIC FORMATIONS OF THE SAN ANTCIO AREA

GROUPAPPROXIMATEGROUP MAXIMUM THICKNESS (FEET)
SYSTEM SERIES OR FORMATION -ACARCTER OF ROCKS WATER BEARING PROPERTIES REMARKS

AGE UVALDE HEDINA NEXAR COMAE LAYS
COUNTY COUNTY COUNTY COUNTY COUNTY

LOcav y ;feleds1 0r11sAurplie.
Recent Alluvium 0-20 0-30 0-20 0-15 0-30 Silt, sand, clay and gravl Generally not dU..ndable Confined to stream eds.

Pleistocene Leona 0-93 0-65 0-90 0-50 0-50 Silt, and and gravel. Yieds small to large supply of water. Terraces between stream beds and upper or
'valde gravel.

Pliocene(?) Uvalde 0-20 0-30 0-30 0-15 0-20 Silt and coarOe, lAnty gravel. Not known to yield water. Found at various levels capping hills and
gravel stream divides.

Mount Sandstone and hale,.r clay with limonite
Selman Absent 100 200 Absent Absent and calcite concretions. Furnishes good supply of water in Frio Outcrops only in southern part of Counties.
formation County.

Eocene Claiborne Carrizo Coarse to medium-grained sand and sandstone; Outcrops in southern part of counties and
TertiaryC50 { 300 600 Absent Absent locally crossbedded Yields small to large supply of water..

sand thickens to south.

i IndioTA-e 200 d710 1070 AbseT AbsT TYOT-bdded,clayey sandstone and shale. Yields small to moderate supply of variaLTe Found in southern part of counties.
formation 27IbO RhoTA OSAAT 000 TA T Contain A lignite and calcareous Concretions. quality water. -

IAbsent Absent 490 Abs Absent Aren ous clay with arenaceous and Not known to yield water Outcrops as two belts across southern
formation calcareous conrtin. art of Bexar Ccunt.

Paleocene Midway Kin aid Clay, siltstone, sandstone and limestone;
-Tormation 25 155 Absent Absent Absent thin conglomerate or glauconit at base. Not known to yield water. Thickens in direction of dip.

Kemp Absent Absent 535 300
Navarro oClay Mostly clay and marl from Bexar County east.

Escondido 285 f 740 nif- Absent Undif- tEsndid c nsi stsof sandstone with inter- Not a suitable quality water producer. Undierentiated from Taylor marl in Hays
formation , bedded se and clay, some lmestone-oferentiated ferentiated Cuny.

Corsicana Ast
marI

Taylor Absent 150 540 3000 300 Nodular, Iocall0y chalky marl and calcareous Generally not a water producer. Yields small Fo oundOTO hills with 010000 oil.
Gulf marl clay- amount in Hays County. Frsruddhlswt lyysis

Anacacho 3 Undif . Grades from marl calk in Medina County May locally yield saal AOt T g aly Interbedded limestone to west containlimestone 70 530 355 erentiated t to limestone with bentonitic clay in Uvalde poor quality waterasphalt.
County.

Austin 580 290 210 150 200 Limestone and argillaceous,chalky Iimestone. Yleds small to moderate amount of water. Thickens to west in Uvalde County.
chalk

EhlndFood 240 65 40 25 30 H 'flaggyI I tToneh. - Not known to yield potable water. Thickens to west in Uvalde County.

Geneally not ater-bearing except forXoud OOTTIAO ArCdIo TO 0000 aoloioo C o aioo sclie veilts in oTetern counties.limestone 100 110 80 70 60i i . quantities in L'valde and Bexar Counties C

Washita Grayson 120 5 55 AS XI Be-OrayOy oro a0 salo. tti d by abundant rams' horns"

Georgetown 400 75 65 25 50 Hard,omassive Iimestone, sometimes chery. Thickens considerably to west.
ietone oPri 0pal aquifer in San Antonio ara.

Flaggy, cherty limestone, son.e dolomite O uOT t iioA
S Kiamichi 20 Asn bet Asn ben n er fru hl.Yiels large qatte fgood quality Not identified east o Uvalde County.O210 Aseot Asent OooAAbsent Abse t oOndpz oTIITTAOOTOshal. 000To oioiol, iriationando _____________________S formoatin water for municiairgto n

Cretaceous - EdwardsK ard,massie, sometimes dolomitic limestone; nustroial uses. Generally nOt differentiatedlimestone 100 020 6000/0 500 400 contains chart nodules. in wellsMssiv bLT-ormr.

Fredericks- ~
burg O Comanche Haoronodular limestone, sometimes

Comanche ToTPeakA 45 40 40 40 argillaceous. Similar to Edwards except not cherty.
1, iestone

WA. nut Not Fossiliferous, argil laceous and arena-eus Geerl ntwar bri

clay recognized 42 20 15 15 limestone and clay. y a g Slope former.

0 0Upper Alternating beds T har limestone and sot, Yields small to moderate supply of variable
Somember argillacous lmetone. Sometimes arenaceous quality water. Basal part of lower member

1530 1175 1200 1500 900 end gypsiferous. More massive at base. locally yields high quantity of water in In outcrop, forms stair step type topography.
Lower as County.
member

Trinity e*Hensel) fine-grained sand, siltstone and marly

- member 85 Imestone. Yields small to moderate amounts of air to Only outcrops in Comal and Hays Counties.
S440 C50 ISO 300

000 50.lOr30k0or quality water. Sycamore probably absent in Cooool County.
T

0o Coo CreekTO Moio ooolIoooo
- limestone U di - U d - n f- U d - 70 Massive detrital limestoneUndifo 001- Uif- k1001- ol-

mmber - oferentiated ferentiated ferentiated terntfIated
S Sycamore-

samdr50 CngTonerat Oand sand.

Nuevoa Leon Sligo 210 208 Not 200 Liooostone, sandstone and shale. Not known to yield potable water. Not exposed.
anJ Durango formation O 100 ioontiTiGd

Coahuila (Mexico) Hosston 904 Undif- adtnsaeadlmsoe Not known to yield potable water except in Ntepsd

(Mexico) TOa 10AGO fertiated 0 500 Rdxar COnty. NoTn0i00000.
Pret uSlate, schists, limestone and sandstone. Probably not water bearing. Not exposed.

Cretaceousi



have been identified in Hays County,in the Blanco River valley west of
Wimberley,and in the Pedernales River valley in the northern part of
the county. The Sycamore has been described as a conglomerate grading
upward into a tan and red,cross-bedded sand. Its water-bearing capa-
bilities in the area are not known. The Cow Creek limestone member,
60 to 80 feet thick, is a fossiliferous limestone,becoming more argilla-
ceous and shaly in its lower half. The member reportedly yields small
quantities of potable water. Cores obtained from the Hensell members
of the Travis Peak formation in the upper limits of Canyon Reservoir
on the Guadalupe River, show the material to be a light-colored, sandy,
glauconitic dolomite with siliceous and calcareous geodes. In other
localities it has been described as an argillaceous and calcareous,
fine-grained sand with sandy,glauconitic limestone beds. The member
yields water for stock and domestic purposes.

2. Glen Rose formation.- Rocks of the Glen
Rose formation are the oldest exposed rocks in the western portion of
the study area (Uvalde, Medina, and Bexar Counties). Outcrops of the
formation occur in the Nueces and San Antonio River Basins where the
streams have cut through the overlying Edwards and Comanche Peak lime-
stones. In contrast to its relatively limited exposures in the west-
ern counties, the formation covers over half the surface area in the
north and northeastern counties (Bandera, Kendall, Comal, and Hays).
In Comal County where a complete section of Glen Rose is exposed, the
Geological Survey 6/ has divided the formation into an upper and a lower
member. The division was placed at the top of a well known and easily
distinguishable fossiliferous zone containing abundant Salenia texana
fossils. A thin, flaggy limestone bed, containing an abundance of the
small clam, Corbula, immediately overlies the Salenia texana zone and
is also used as a division marker. The division of the Glen Rose for-
mation into upper and lower members has been widely accepted and was
used during the course of this study.

ao The lower member of the Glen Rose is
a massive, generally fossiliferous limestone with beds of dolomitic
limestone, argillaceous or shaly limestone, and shale. On outcrop the
rock is occasionally solutioned and honeycombed and,locally,is capable
of yielding a considerable amount of water. In Hays County the
Geological Survey_3/ noted a reef limestone at the base of the lower
member which is believed to be the source of a spring,northwest of
Wimberley,that contributes over 1000 gpm into the flow of Cypress
Creek, as well as being the aquifer which supplies many wells in the
vicinity of Wimberley.

b. As most of the dam sites investigated
for this study are located in the upper member of the Glen Rose lime-
stop, its geologic and hydrologic characteristics are well known.
The rock has been cored and water pressure tested from the Nueces
River valley in Uvalde County to the Blanco River valley in Hays
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County. The results of this exploration have led to the conclusion
that the rock is very difficult, if not impossible, to correlate
lithologically between river basins. Typically the member is com-
posed of alternating beds of limestone, argillaceous limestone or
marl, dolomitic limestone, shale, clay, and occasionally sandstone
or arenaceous limestone. One distinctive characteristic of the rock,
not noted in the other formations, is the presence of abundant black
specks (medium-grained). These specks appear to be either phosphatic
nodules or fossil fragments that are scattered throughout the forma-
tion at various horizons. Although these "salt and pepper" zones are

distinctive, they are not correlatable. In Uvalde County the

Geological Survey 25/ reports two evaporate zones in the Glen Rose,
one immediately overlying the Corbula bed and the other about 200 feet
below the top of the formation, which can be correlated across the
county. The evaporate zones were not found at the Cloptin Crossing

Dam site on the Blanco River, but a thin gypsum bed was encountered at
the Comfort Dam site on the Guadalupe River in Kerr County. Locally,
shallow water features such as ripple marks are common. In outcrop
the Glen Rose formation forms a distinctive "stairstep" type topog-
raphy due to differential weathering of the alternating hard and soft
beds which comprise the formation.

c. With the exception of the basal reef
limestone sequence in the lower member of the Glen Rose limestone in
Hays County, the formation is not known to yield large quantities of
good water. Large seepage losses have been reported in the Glen Rose
along Cibolo Creek, and minor losses have been encountered where

other streams cross the outcrop in the area. Generally.,hydraulic
water pressure testing has shown the rock to be relatively impermeable,
although locally sufficient quantities of water are available for
stock and domestic purposes.

(b) Fredericksburg group.- The Fredericksburg
group consists of four formations which are, in ascending order, the
Walnut, Comanche Peak, Edwards, and Kiamichi formations. The

Comanche Peak, together with the Edwards and Georgetown limestones,

is generally considered as one hydrological unit often referred to as
the Edwards and associated limestones. The water-bearing characteris-
tics of these limestones are considered an integral part of the
Edwards Underground Reservoir,

1. Walnut clay.- The Walnut clay, which
conformably overlies the Glen Rose limestone, varies both in thick-

ness and lithologic characteristics. The thickness of the formation

varies from a few inches to a maximum of approximately 20 feet (Bexar

County). The formation, along with the underlying Glen Rose limestone,
serves as the lower confining bed for the water in the Edwards and

associated limestones aquifer. During investigations at the Concan

Dam site in Uvalde County; a 5-inch bed of clayey shale was encountered
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overlying the Glen Rose limestone which may be the equivalent of the
Walnut. At the Medina Lake reservoir, Medina County, the Walnut clay
is represented by 9 to 14 feet of thin interbeds of calcareous silt
and argillaceous and silty limestone. An abundance of Exogyra texana
are encountered near the top and bottom of the unit. On the Blanco
River in Hays County (Cloptin Crossing Dam site),the distinctive charac-
teristics of the formation are its slope-forming nature and the abun-
dance of Exogyra texana.

2. Comanche Peak limestone.- The Comanche
Peak limestone conformably overlies the Walnut clay. The formation
is generally described as a hard, gray, massive, nodular limestone,
becoming marly at the base. In Uvalde County the most distinguishing
characteristics of the formation are its nodular appearance and clay-
filled boring tubes. To the east, in Comal and Hays Counties, calcite
veinlets and nodules are used to distinguish the formation from the
underlying Edwards limestone. The average thickness of the formation
is approximately 40 feet but somewhat thicker sections may occur in
Uvalde County.

3. Edwards limestone.- The Edwards limestone
is a hard, dense, generally light-gray, crystalline limestone with some
dolomite or dolomitic limestone interbeds. The rocks are generally
massive although occasional thin-bedded marly zones are found. Perhaps
the most distinguishing characteristic of the Edwards is the occurrence
of chert or flint lenses and nodules scattered throughout the forma-
tion at various horizons. At Montell Dam site on the Nueces River
oval-shaped chert lenses up to 3 feet in diameter-were noted. The
formation is similar lithologically to the conformably underlying
Comanche Peak,but can be identified by a comparison of the fauna of
the two formations. Except in Uvalde County, the Edwards limestone
is the most important water-bearing formation in the Edwards
Underground Reservoir. Because of its hard, competent beds, the
stresses imparted by faulting have fractured and sometimes shattered
the formation, providing ideal avenues for circulating ground water
and accompanying solution activity. Many caves of considerable ver-
tical and horizontal extent typify the Edwards limestone both in the
outcrop area and in the artesian zone. Some of the largest springs
in the southwestern part of the United States issue from the formation.

4. Kiamichi formation.- In western Uvalde
County a series of thin-bedded to flaggy, gray, cherty, occasionally
gypsiferous and petroliferous, limestone beds have been identified as
belonging to the Kiamichi formation. The Geological Survey 25/ reports
that the formation (155 to 210 feet thick),loses its identity to the
east because the characteristic flaggy beds interfinger with thicker
limestones and dolomites,and grade into a reeflike milliolitic lime-
stone. Hydrological characteristics of the Kiamichi formation are not
well known as the formation is a part of the Edwards and associated
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limestones aquifer and wells that penetrate the Kiamichi also produce
from the overlying Georgetown. However, the formation is not gener-
ally considered a prolific water producer.

(c) Washita group:- The Washita group consists of,
in ascending order, the Georgetown, Buda, and Grayson formations.

1. Georgetown limestone.- The Georgetown
limestone is the oldest formation of the Washita group and is com-
monly referred to as the uppermost unit of the Edwards and associated
limestones aquifer. In Uvalde County the Georgetown has a maximum
thickness of about 400 feet and consists of a hard, massive, flinty
limestone unconformably overlying the flaggy Kiamichi limestone. Over
300 feet of Georgetown is exposed at Chalk Bluff on the Nueces River,
17 miles northwest of Uvalde. It is reportedly the principal water-
bearing formation in the county. East of Uvalde County the Kiamichi
is absent and the Georgetown, which thins to an average of 40 to 50
feet, directly overlies the Edwards. The small brachipod Kingena
wacoensis (Roemer) is scattered throughout the formation and aids in
distinguishing it from the Edwards. In Comal and Hays Counties,
where deposition of the Georgetown was somewhat affected by a south-
eastward trending uplift known as the San Marcos arch, the formation
is composed primarily of hard, massive limestone with interbeds of
fossiliferous, argillaceous limestone and calcareous shale. The
Georgetown thins considerably on the flanks of the structural high,
probably to less than 10 feet in some places. The Georgetown forma-
tion in the study area, with the exception of Uvalde County, is not
considered to be a water-bearing formation of any consequence. It
serves as one of the upper confining beds in the artesian zone of
the Edwards limestone in Comal County. 6/

2. Grayson shale (Del Rio clay).- The Grayson
shale conformably overlies the Georgetown limestone and underlies the
Buda limestone. The formation consists of 30 to 120 feet of blue-gray
clay and clayey shale with varying amounts of gypsum and pyrite dis-
seminated throughout. Where exposed in outcrops, the formation weath-
ers yellow to yellow-brown and is characterized by an abundance of
ram horn shaped oysters called Exogyra arientina (Roemer). These
fossils are commonly cemented into beds of hard, well indurated shell-
conglomerate that range from 6 to 12 inches in thickness. The Grayson
shale is impermeable and does not yield water in the study area. In
Uvalde County it is the confining bed over the artesian portion of the
Georgetown limestone.

3. Buda limestone.- The Buda consists of 30
to 100 feet of hard, dense and brittle, fine-grained limestone, easily
distinguishable because of its stratigraphic position between the
shaly Grayson and Eagle Ford formations. Drillers identify the for-
mation in the subsurface by the presence of black specks,believed to
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be glauconite. In the western counties the rock is commonly dissemi-

nated with crystalline calcite veinlets and breaks into conchoidal
fractures. The formation is not known to yield water except in small
quantities in Bexar and Uvalde Counties.

(3) Gulf series.- The Gulf series has been divided into

four units which are, in ascending order, the Eagle Ford shale, Austin

chalk, Anacacho limestone-Taylor shale, and the Navarro group.

1. Eagle Ford shale.- The Eagle Ford is composed
primarily of calcareous shale and thin argillaceous limestone flags
which are more abundant in the upper half of the formation. The forma-

tion is readily distinguishable from the unconformably underlying Buda

limestone, but'the contact with the overlying Austin is less obvious

because of the similar lithology. Black lignitic beds are reported in

the subsurface but are not present in the outcrop. The Eagle Ford has

an average thickness of 30 to 40 feet, but reportedly reaches a maxi-

mum thickness of 240.feet in western Uvalde County. The formation is

not known to yield potable water in the study area.

2. Austin chalk.- The Austin chalk grades from a
white, chalky, fossiliferous, argillaceous limestone and calcareous

shale in the east to a massive, variable to thin-bedded, fossiliferous
chalk and argillaceous limestone or marl in the west. Marcasite and

pyrite crystals are commonly scattered throughout the formation, and
it is believed that oxidation of these minerals has locally caused the

water to be heavily charged with hydrogen sulfide. The formation

averages about 200 feet in thickness to a maximum of about 580 feet

in western Uvalde County. The contact with the underlying Eagle Ford
shale is- unconformable. Although caves and large solution caverns are

common (i.e., Cibolo Creek and Robber Baron's Cave in Bexar County),

the Austin chalk is not a large water producer. Where large quantities
of water have been reported, it is generally believed that the rocks

are hydraulically connected with the underlying Edwards and associated

limestone through faults or. fissures.

3. Anacacho limestone and Taylor marl.- Work by

others has established that the Anacacho limestone west of San Antonio
is the age equivalent of the Taylor marl in Comal and Hays Counties.

The interfingering of the two formations is evident in eastern Medina
and western Bexar Counties where the Taylor marl overlaps the eastward

thinning Anacacho limestone. The Anacacho is composed of calcareous,

sometimes pyroclastic clays, argillaceous limestone, chalk, and marl.

Locally the rocks of the formation are asphalt impregnated and, in
western Uvalde County, the formation is quarried for road surfacing.

The formation does not yield potable water. The Taylor marl is pri-
marily a calcareous clay and marl that locally yields small quanti-
ties of water at shallow depth.
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(a) Navarro group.- The formations which comprise
the Navarro group are, from oldest to youngest, the Corsicana marl,
Escondido formation, and Kemp clay. In Uvalde County the group is
represented only by the Escondido formation, a hard, fine-grained sand-
stone with clay and shale interbeds. In Medina County, the Escondido,
primarily a sandstone and siltstone with sandy marl and shale inter-
beds (in part the equivalent to the Kemp clay to the east), is over-
lain by silty marl and shale which comprise the Corsicana marl. The
formations of the group have not been differentiated in Bexar and Hays
Counties, and in Comal County the Navarro is absent. Rocks of the
Navarro group are not considered important water-bearing units although
in Medina County some of the lower sand beds of the Escondido formation
yield potable water suitable for domestic and stock use. When the
water is encountered at shallow depths, the chemical quality is usually
poor.

c. Tertiary system.- At the end of the Cretaceous period,
the seas retreated from south central Texas but returned again in ,he
early Tertiary time. Rocks of the Paleocene, Eocene, and Pliocene (?)
series were deposited during the Tertiary period. They consist pr-
dominantly of clays, siltstones, sandstones, and fossiliferous lime-
stones that were laid down unconformably on the strata of the Cret ceous
Navarro group.

(1) Paleocene series.

(a) Midway group.- The Midway group is not pr sent
in Comal and Hays Counties, but in the western study area countie the
group is represented by the Kincaid and Wills Point formations. T&he

Kincaid'is found only in Uvalde and Medina Counties and reportedly
attains a maximum thickness of about 155 feet in southern Medina

County. The formation is composed of clay, siltstone, sandstone, and
limestone strata. According to the Geological Survey 1/ the Wills
Point formation is probably the only formation of the Midway group in
Bexar County although the Kincaid may be present in the subsurface.
The formation consists primarily of sandy clay with sandy or limy
concretions and reaches a maximum thickness of about 490 feet in the
southern part of the county. The rocks of the Midway group are not
known to yield water in the study area.

(2) Eocene series.- From oldest to youngest, forma-
tions of the Wilcox and Claiborne groups comprise the Eocene series
in the study area.

(a) Wilcox group.

1. Indio formation.- The Wilcox group is rep-
resented in the study area by a series of sands, sandstones, clays,
silts, carbonaceous shales, and thin lignite beds, all assigned to
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The Indio formation. The formation, not present in Comal and Hays
Counties, varies in thickness from about 200 feet in Uvalde County to
approximately 1070 feet in Bexar County and unconformably overlies
formations of the Midway group. Generally, the formation is not con-
sidered to be an important aquifer although locally a small to moderate
amount of potable water may be obtained for domestic and stock.use.
Pumping yields of up to 400 to 500 gpm have been reported in Medina
and Bexar Counties but the water is usually hard.

(b) Claiborne group.- The Claiborne group is
present only in the western counties of the study area where it is
represented by the Carrizo sand and the Mount Selman formation.

1. Carrizo sand.- The Carrizo, the older of
the two formations, unconformably overlies the Indio formation of the
Wilcox group and outcrops in the southern part of Uvalde, Medina, and
Bexar Counties. It attains a maximum thickness of about 800 feet in
Bexar County. The Carrizo is composed chiefly of a coarse-grained,
locally crossbedded, quartzitic sand and sandstone with very thin
interbeds of clay and clayey shale. Locally,ledges of ferruginous
sandstone are common. The Carrizo sands yield a small to moderate
amount of good quality water in the study area. However, to the south,
in Zavala, Frio, and Atascosa Counties, the formation is a major aquifer,
supplying water in sufficient quantities for both municipal and irriga-
tion uses.

2. Mount Selman formation. - The Mount Selman
formation overlies the Carrizo sand in Bexar and Medina Counties. The
formation consists chiefly of sand, clay, and silty clay and is not
know to yield water in the study area.

(3) Pliocene (?) series.

1. Uvaldee gravel.- A high terrace deposit,
designated as the Uvalde gravel and consisting of residual gravels
composed primarily of chert, flint, and limestone derived from the
Edwards formation, is found capping hills and forming stream divides
throughout the study area. The residual, subrounded gravels are
commonly embedded in a clay, silt, or caliche matrix and attain a
maximum thickness of about 30 feet. The thin mantle of gravels does not
produce any water.

d. Quaternary system.

(1) Pleistocene and Recent series.

1. Leona formation and Recent alluvium.-
Shortly after the deposition of the Uvalde gravel in late Pliocene
or early Pleistocene time the region witnessed a slight uplift that
caused the streams to cut through the gravels into underlying bedrock,
in which they have subsequently developed their present channels and
flood plains. The terrace gravels deposited after this rejuvenation,
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including the Recent streambed and flood plain gravels are considered
as one unit both geologically and hydrologically. The Leona formation
and Recent alluvium, composed primarily of silt, sand, clay, and
gravel, is found mainly in the river valleys or in old, abandoned
meander channels. The alluvium is thickest in the western counties,
reaching a maximum of about 105 feet in Uvalde County. According to
the U. S. Geological Survey 2/ the Leona gravels are an important
water producer in the Leona Valley, located south -of Uvalde, supplying
sufficient water for irrigation. The gravels are evidently hydro-
logically connected with the Edwards and associated limestones in the
Leona valley and, locally, appear to depend on overflow recharge from
the limestone aquifer for production. Elsewhere, production from the
alluvium depends on rainfall and stream runoff.

e. Igneous rocks.- Numerous igneous plugs, sills, and
dikes, composed primarily of basalt and serpentine, are found throughout
the Balcones fault zone in Uvalde County and a few occur in Medina
County. These intrusives generally crop out in the Coastal Plain as
low knobs or hills, disrupting the otherwise level topography. The
age of the igneous rocks is conjectural but they are believed to have
been intruded in late Cretaceous or early Tertiary time. Igneous
intrusives have been encountered at two dam sites in Uvalde County.
Tom Nunn Hill Dam site, located about 8 miles southwest of Uvalde on
the Nueces River, was explored in 1938. Core borings into the igneous
intrusive encountered a "sedimentary fossiliferous serpentine" con-
taining small fragments of unaltered limestone and fossils believed to
be from the Austin chalk formation. The material appears to be a
composite of debris from the igneous intrusive and the surrounding
sedimentary rock, and would tend to date its occurrence at Tom Nunn
Hill as early Austin chalk equivalent. The Geological Survey 25/ has
noted the presence of bentonitic clay in the Eagle Ford formation
which may be the earliest recorded volcanic activity in the area. A
second igneous intrusive was encountered in the Sabinal River valley
during the exploration for the Sabinal Dam site and, contrary to the
general rule, there was no surface expression of the plug. A discus-
sion of the lithologic characteristics of the intrusive is included
in the report on Sabinal Dam site No. 2.

(1) It is not known what effect these igneous intrusives
may have on the movement of ground water in the-Balcones fault zone,
but it is doubtful that they significantly affect the overall regional
movement. Locally, the formations into which the igneous rocks are
intruded are highly broken and fractured and considerably more perme-
able than the rocks away from the intrusive. This condition may have
some very localized effect on the water table or ground-water move-
ment.
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7. STRUCTURAL GEOLOGY.

a. Balcones fault zone.- The Balcones fault zone is a

variable width zone of moderate to intense faulting,extending from
McLennan County in central Texas to Kinney County in southwest
Texas. U. S. Highway '81 from Austin to San Antonio generally
parallels the prominent escarpment that reflects movement along
one or more of these faults. West of San Antonio in Medina and
Uvalde Counties the escarpment occurs north of U. S. Highway 91.
In the western part of Uvalde County the fault zone becomes one
of folding and fracturing rather than large scale faulting.

(1) Faults comprising the Balcones zone are
generally normal or gravity faults with downthrow to the south
or southeast. The straight or near straight fault traces in
rugged topography indicate that the fault planes are dipping at
a steep angle. Displacements vary greatly, tending to be at a
maximum near the center and diminishing toward the ends of indi-
vidual faults. Single faults within the system exhibit displace-
ment up to 700 feet and can be traced for approximately 50 miles
throughout the area. Total displacement across the zone varies
from a maximum of approximately 1500 feet in Comal County to
about 700 feet in northeastern Uvalde County. The cause of the
faulting has generally been attributed to the tensions set up
as the Gulf Coastal Plain settled under its continual deposi-
tional load. Once the tensional forces overcame the elasticity
of the rocks, faulting or rupturing was inevitable and the
prominent escarpment between the Edwards Plateau and the Gulf
Coastal Plain was developed. The age of the faulting is
conjectural, but is believed to have taken place between early
Cretaceous and Pleistocene time.

b. Other structural features. - The Uvalde salient,
a structural high composed of closely connected crustal uplifts,
is evident between Uvalde and Knippa in Uvalde County. Edwards
and associated limestones have been uplifted to the surface and
the relatively resistant limestone beds form easily recognizable
rolling hills. Basaltic intrusives and large-scale faulting are
associated with the high.

(1) A broad, southwestward plunging anticline, the
Culebra anticline, extends from north central Bexar County into
eastern Medina County.l9/ The fold, 7 to 9 miles wide, consists
of a core of Austin chalk overlapped by beds of Taylor and
Navarro age on the flanks. Faults border and terminate the flanks
of the anticline. The Medina River flows around the westward
plunging nose of the anticline in eastern Medina County.
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(2) The third major structure in the area is the San
Marcos arch, an ancient, broad uplift,extending in a southeastward
direction from the Llano uplift through San Marcos to Gonzales County.
The San Marcos River generally follows its crest. Surface expression
of the high is absent, but its presence is identified in the subsur-
face by the thinning of upper Cretaceous sediments across the arch.

c. Regional dips. In the Edwards Plateau the Cretaceous
strata dip south and southeasterly toward the gulf of Mexico at a
rate of about 10 to 20 feet per mile, conforming very closely to the
slope of the land surface. South of the Edwards Plateau in the
Coastal Plain the average dip of the rocks steepens to about 100 to
150 feet per mile. Since this average dip is steeper than the slope
of the land surface, successively younger beds crop out downdip to
the south and southeast. Occasionally,within the Balcones fault
zone,the regional southerly dip of the rocks becomes abnormally
steep and variable. This condition is especially apparent adjacent
to faults.
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'ROUND WATER

8. EDWARDS AND ASSOCIATED LIMESTONES AQUIFER.- Two distinct ground-
water reservoirs have been formed in the Edwards and associated limestones
aquifer, an unconfined reservoir in the Edwards Plateau and an artesian
reservoir in the Balcones fault zone. In the Edwards Plateau the rocks
slope gently to the south and southeast about 20 feet to the mile, which
is equal or slightly more than the natural slope of the land. surface.
The Edwards li mestone covers most of this area and, being relatively
permeable, absorbs a substantial amount of rainfall. The rainfall
percolates downward through cracks and fissures to the lover parts of
the Edwards formation where it comes in contact with relatively imper-
meable formations, thus forming an unconfined water body. The water the:
moves by gravity and flows laterally through the limestone Much of this
water reappears as sprringflow at or near the base of the Edwards and
associated limestones located in the valleys that have been cut through
the formation. These springs are the source of perennial streams that
drain the Edwards Plateau. As these streams flow south, they cross
honeycombed and cavernrous stretches of Edwards limestone which has been
downfaulted into the streambeds o Along this stretch the streams lose
virtually all of their perennial flow and much of their flood flow.

9. In the Balcones fault zone, where the Edwards limestone has
been extensively fated downward and is overlain by younger and
relatively impervious formations, the artesian water circulates freely
along fractures and faults and through honeycombed limestone soution
channels and caverns. Once the water enters the underground artesian
aquifer, the normal southerly flow is blocked by a combination of major
faults and decreased permeability, ring the water to flog 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 varying sizes. Some of the solution channels are large cver e, the
largest of which generally follow the lines of major faulting.

10. The northern. and southern limits of the artesian reservoir
generally coincide with those of the major faulting in the Balcones
fault zone. This faulting is marked by a prominent escarpment that
readily identifies the northern boundary, However, the southern
boundary cannot be identified by surface expression of faulting and
is better defined by an imaginary line known as the "bad-water" line,,
South of this line the water is charged with noticeable amounts of
hydrogen sulfiae, and there is an appreciable increase in the hardness
of the water. South of the Ba. ones fault zone, the Edwards limestone
has a progressively increasing dip of approximately 100 feet per mile,
and ultimately reaches depths of more than 5,000 feet below sea leve.l
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11. NATURAL RECHARGE.- Recharge to the Edwards Underground
Reservoir occurs by a cyclic method. The rainfall on the Edwards
Plateau filters down through the Edwards and associated limestones and
later reappears as springflow at the top of the underlying Glen Rose

X'mestone. The cycled water then forms the base flow of streams that
drain the area. Because the Glen Rose limestone controls the flow
ani is relatively impervious, the flow does not enter the Edwards
'Underground Reservoir until it crosses the Balcones fault zone located
some distance downstream. At these locations the water partially or
completely disappears underground into the Edwards Reservoir.
S tems that flow through the study area are in the drainage systems
ct three major river basins - the Nueces, San Antonio, and Guadalupe.

a. Nueces River Basin. - The principal streams in the
:Veces River Basin that make a significant contribution to recharge
of the Edwards limestone aquifer are the Nueces, West Nueces, Frio,
Dry Frio, and Sabinal Rivers and Verde, Hondo, and Seco Creeks which
are tributaries of the Frio River. These streams drain 3,112 square
m~ies of the Edwards Plateau and contributed an average of 231,500
ac-e-feet per year of recharge water to the Edwards Reservoir for the
period 1935-1956._4/

(1) The streams in the Nueces River Basin have cut
deep canyons through the Edwards and associated limestones, and, for
the most part, flow over the underlying, relatively impervious Glen
Rose limestone. The canyons occasionally widen into narrow valleys,
particularly where intercepted by tributary streams. Below the
Bl cones escarpment the narrow valleys and canyons change into a wide
valley section and the stream channels decrease in size and capacity.
Two of the larger streams in the plateau, the Frio and Nueces Rivers,
have minimum bankfull capacities of 5,000 to 30,000 cubic feet per
second. An example of the potential recharge from the streams that
cross the outcrop of the Edwards limestone is shown in the Geological
Survey data compiled during the March 1958 flood on the Frio and Dry
Frio Rivers. Outcrops of the Edwards limestone occur along approxi-

a ely 11. miles of the Frio River and along approximately 14 miles of

the Dry Frio River.25/ Gage records for the 1958 flood indicate that
water entered the aquifer at a rate as great as 939 cubic feet per
second where the combined streams crossed the outcrop.4_/ Similar
co-ditions occur along a l3-mile stretch of the Nueces River west of
STralde and along a 3-mile stretch of the Sabinal River.25/

(2) The West Nueces River does not follow the general
characteristics described above. The stream is usually dry and seldom
has a flow at its confluence with the Nueces River, except in periods
of heavy rainfall. For the most part, the bed of the stream is under-
,.id by gravel and the recharge moves eastward as underflow.

b. San Antonio River Basin.- Streams that flow through the
Edwards Reservoir area in the San Antonio River Basin and contribute
t. -he Edwards Underground Reservoir are the Cibolo, Salado, and Leon
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Creeks and Medina River. these streams have deeply entrenched. nnl:.Y#,s
with large carrying capacities., and overbank flooding is infrequern.
The San Antonio River and its trib utaraes , Olrnos, San Pelro, Aiaz.
Apache, and Martinez Creeks are not considered major contributors to
the recharge of the Edwards UVdergroutnd Reservoir.

P1) Lcsses to the Edwards Reservoir from streams i the
San Antonio River Basin total approximately 145,800 acre-feet per year
(935-1956). The U. S. eological Survey has estimated that Cinbo o
Creek, together with Dry 'oal Creek in the Guadal:ape River Bas a;.
contributes from one-fourth to one-third the long-term average discharge
of Comal Springs. Along the wide meanders of Cibolo Creek there are
many caves, caverns, sinkhoies, crevices, and honeycombed 1Umestones
which permit the flow to escape into the underground selutaon channels
leading to the Edwards aqui:fer- One of te largest caverns in the
state, the Natural Bridge Cip;'e, is located in this area about I8 miles
north-northeast of Sa Antoni c Tne cave has an entrance in the
Edwards limestone, but most of the openings lie within tie upper mebe-
of the Glen Rose limestcne . Te maximum depth is approximately 250
feet, and the caverns extend some 5 ,300 feet, in a northerly direction
to thin about T50\feet of Cibolo (.eek-

c. Guadalupe River Basri n The principal streams in Uh
Guadalupe River Basin that cross the Edwards limestone aquifer are t e
Guadalupe River and two of its trzit:u tar ies, Blanco River and Dry;ctmal
Creek. These streams m ander th'ouga the rolling hill country of the
Edwards Plateau in a pater. a r esic of old. streams In places
they have cut deep canyons through the (len Rose and. into the T: is
Peak limestones, forminirg vertical cliffs 200 to 300 feet high Tne
Edwards limestone is left only to cap the hills. The flood p.aiNs are
generally narroiw add contain i slated ,thiin strips of flat bot La'd
The streambeds lie principally in limestone and are void of sed iments
except for large bo.:ders, Rapids ar e sometimes found where tie
streams cross maovr faults T T eGuadaiupe River is a perennial. stream
and, except for periods of below no ma1 rainfaL., has a substatica.
flow maintained by springs issing from The Edwards limeston;.

(v) Storeare olsses thr ough the Balcones fal t sone
into the Edwards aquifer are generaLly limited to the Blanco Riveer
and Dry Coma. Creek ' The adalnpe River cortributes very l it tie
recharge to the underground reservoir Its base flow between the
cities of Comfort and New :Braunfels is almost constant. The U. S.
Geological. Survey contribwtes this condition to two principal causes:
one, the stream channel of the adral"pe River has been cut deeper
in the Edwards and under::ying I imestonies than. the channels of other
streams in the area; and two, the wa*er table in the area stands at
approximately 'The same elevation as the streambed .i)/
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(2) Total recharge to the Edwards Underground Reservoir
is about 45,900 acre-feet per year (1935-1956) from the Guadalupe River
Basin.

12. ARTIFICIAL RECHARGE.- The injection system of artificial
recharge, whereby waters are introduced into an aquifer by means of
wells, caves, crevices, and other openings has been used in Uvalde
County since the early 1950's. One of the first advocates of artifi-
cial recharge for this area was Mr. F. M. Getzendaner, a geologist
well acquainted with the local geology. It was largely through his
efforts that the first such project, a grating over a cave in the
Leona River bed two miles north of Uvalde, was constructed by the
city of Uvalde in 1940.Q/

13. Since the establishment of a Uvalde County Flood Control
Advisory Committee in 1951 several structures have been constructed
in the county to divert floodwaters and runoff into natural openings
or drilled wells in dry streambeds. These structures generally
consist of low concrete dams located a short distance downstream
from protected openings into the bedrock. Recharge structures of
this type have been constructed on Indian Creek, Leona River, Dry
Frio River, and the Sabinal River north and northeast of Uvalde.
Sink holes west and southeast of Uvalde have been developed for
recharge by inserting perforated concrete pipes 20 to 25 feet into
the sinks and covering the openings with trash racks. Most of these
structures are still in existence and provide some recharge to the
Edwards Underground Reservoir.

l. Attempts have been made to evaluate the benefits derived
from these small uncontrolled recharge projects in Uvalde County,
but because of the lack of stream-gaging stations and strategically
located recorder wells in the Edwards and associated limestones, the
benefits are still conjectural. It is true that some floodwaters
that would otherwise escape are diverted into the underground reser-
sroir, but just how much or whether the expenditures are justifiable
is not known. Runoff or floodwater is captured only after heavy
rains and it is during these periods of abundant rainfall that the
artificial recharge is generally not so critical. Although large
controlled recharge projects on major streams in the Edwards Plateau
will capture and contain most of the runoff there are areas where
the small retention type structures possibly would be effective.
One such area is Seco Creek where a suitable dam and reservoir site
for controlled recharge could not be justified. Small dams and
injection wells along this creek might prove economically feasible
and desirable but care should be exercised in locating recharge
sates where it is certain the water will find its way into the
Edwards Underground Reservoir.
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15. DISCHARGE.- The discharge from the Edwards and associated
limestones aquifer is through springs and wells situated in the area.
A general description of the principal springs and a brief history of
the wells in the Edwards Reservoir area are presented in the following
paragraphs.

a. Spring s- The Edwards Plateau, together with the Bal ones
fault zone area, is one of the most prolific 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 1Lie
along the southern edge of the-Balcones escarpment where water is forced
to the surface by artesian pressure through fissures leading from the
subsurface aquifer. Two of these springs, Comal Springs at New Braunfels
and San Marcos Springs at San Marcos, are listed among the sixty-five
springs of first magnitude in the United States.

PRINCIPAL SPRINGS OF THE EDWARDS RESERVOIR AREA

Name Location Springflow - 1000 acre-feet per year/

1935-36 Jure 29/
Maximum Minimum Average 1964

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 0 199.9 139.8
Hueco New Braunfels 69.5 0 19.6
San Marcos San Marcos 211.5 33.3 93-.28L1

TOTAL 352.4

(1) The Leona Springs issue from the gravels in the Leona
River at a location where the stream has cut through an impervious clay
bed into underlying gravels. The gravels in the Leona formation are
evidently hydraulically connected to the Edwards limestone in some
places, and the flow of the springs depends primarily on recharge from
the Edwards and associated limestones. Evidence pointing to this con-
clusion is based on the fact that water levels in the Leona gravels
fluctuate similarly with those in the Edwards and associated limestone~

(2) The San Antonio and San Pedro Springs, located wihin
the city limits of San Antonio, are the largest springs in Bexar County.
They have as their source the Edwards and associated limestones and
issue to the ground surface along faults and fissures that extend into
that aquifer. The discharge from the springs has been intermittent in
recent years because of heavy pumping and lowered water levels in the
aquifer in the San Antonio area. The springs had essentially no flow
from 1949 to 1956.
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(3) Except for a 5-month period (une 13 to November 3,
1956; occurring toward, the erd of a 7-year drought period, Coaal Springs
has maintained a spectacuLar fLowo The rater issues from many openings
a4.ng the base of the Comal Springs fault escarpment,6_/ cntribing
alm~OSt all of 'the :flow to Ocmal River. The water is clear and miai ns

an almost constant temperature of 740 F The high rate of discharged lac
of turbidity and near constant temperature have led to the concluIson that
The source of the water is regional rather than local, and that :,he favored.
f ow paths are not large caverns,but, instead., a system of relatively small
oints, fractures, and solutioning channels,all interconnected.

-) Buheco Springs, located about 3 miles north of Canal
Spr ings, issues from the Edwards limestone near the intersection of the
Hiueco Springs fault with the Guadalupe River. Because of the turbid
appearance of the water from Hueco Springs after heavy rains and. the
.,uctuations in the water temperature, it is believed that the Edgars
Reservoir is not the principal source for these springs. However,
during high reservoir stages in the underground aquifer there may be
some contribution from the Edwards Reservoir to the flow of the springs.
It would. appear that the main recharge area for the springs is Dry 2.omal

reek in the Guadalupe River drainage basin.

(5) San Marcos Springs is a perennial spring discharging
from several fissures in the Edwards limestone were the Edwards is
locally faulted against the Taylor marl.J/ Like Comal Springs at New
Braunf els, it is believed that the San Marcos Springs have their prici-
pal flow from the Edwards Underground. Reservoir. The quantity of flow
appears to be controlled by the Edwards Reservoir level, which in tur
is controlled by the pumpage from Edwards wells located southwest of the
spring area.

b. Wells.- The first well was drilled into the Edward and
s ciated limestones aquifer in about 1884 by George W. Brackenridge

for 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 t:ce were 'more than 100 artesian wells in Bexar County aone,
some with a reported natural flow of about 30 million gallons per day IL/
By the year 1953 there were more that 2,000 wells in Bexar 0aunty
tapping the Edwards aquifer' There are today about 4,000 wells drawing
water from the reservoir in the five-coanty area which includes Uvalde,
Medina, Bexar, Comal, and. gays Couties.

i) The 1962 use from wells in the artesian reservoir was
268,200 acre-feet (239.3 million gallons per day), of -Which 212,000 acre-
f set (:89 mgd) were pumped in Bexar County17/ Prior to 1954 most of
te discharge from the aquifer had been from springs. However, by 1954,
in .te middle of the 1947 to 1957 drought period, the discharge from
we3lls exceeded that from springs,,
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(2) There are many large wells that draw water from the
Edwards aquifer. The two wells that are generally considered to be the
most productive are located in Bexar County. One of the wells is
reported to have shad a natural flow of 16,800 gallons per minute in
1942. The other, a well located in the San Antonio City Water Board's
Market Street Plant, yielded about 15,000 gallons per minute when
-completed in 1954. Four other wells in the area are reported to yie)ld
in excess of 6,000 gallons per minute.14/

16. CONTROL OF DISCHARGE FROM TE EDWARDS UNDERGROUND RESERVOIR.-
Although the Edwards Underground Reservoir is a vast complex of
relatively pervious strata receiving recharge from several drainage
basins, its high rate of discharge through springflows precludes it
from being classified as an ideal ground-water reservoir. For example,
during the period from 1935 to 1956 the average annual recharge was
approximately 423,200 acre-feet of water; whereas the average annual
discharge from springs was 352,400 acre-feet. Pumping during the same
period averaged only 171,300 acre-feet (increased to 268,200 acre-feet
in 1962). Assuming that this unbalanced condition could be improved
by controlling the springflows and considering that most of the dis-
charge is from Comal Springs in New Braunfels and San Marcos Springs
in San Marcos, there appear to be four approaches to the problem,

a. Control the recharge. The springflow is approximately
proportional to the water level in the reservoir; therefore, by con-
trolling the recharge and keeping the reservoir at an optimum level,
the flow from the springs can be regulated. This plan would require
dams constructed upstream from the high seepage loss areas of the
streamsstoring the water and releasing it as needed to keep the water
in the underground reservoir at a certain level. This plan of opera-
tion was considered inadequate during the critical drought period
because of the very high evaporation losses that would occur while
storing the water in surface reservoirs.

b. Intercept the water before it emits from the springs.
Large pumping stations located up-reservoir or southwest of Comal
Springs could intercept some water which would ordinarily escape from
the springs. This pump-up storage would require some sort of surface
reservoir unless the water not used directly is reintroduced into the
underground reservoir west of the heavy use area through existing
stream and river beds or through recharge wells. However, evaporation
would undoubtedly prohibit the use of surface storage reservoirs in
the area.

c. Construct ring dikes around the springs to equalize the
hydrostatic head in the underground reservoir. The problems involved
in an undertaking of this sort are tremendous. Comal Springs, for
example, is made up of many flows issuing from openings in the Edwards
limestone along the base of the Comal Springs fault. The springs extend

192



for about 500 yards along the escarpment_6/ in a highly developed area.
The biggest problem, however, would not be in constructing the ring
dike but would be in preventing the springs from breaking out to the
surface at some other point along the fault. It is the considered
opinion of many that, because of the probable breakouts, ring dikes
are not feasible for Comal and San Marcos Springs.

- d. Construct a grout curtain southwest of Comal Springs
across the Edwards Underground Reservoir. A few miles southwest of
,New Braunfels the Edwards Underground Reservoir is confined in a
strip about five miles wide. A positive cutoff constructed across
this relatively narrow strip could conceivably reduce the flow from
the springs; however, based on present technical knowledge, it is very
doubtful that a program of this sort is feasible. Information
developed in a deep exploration boring (see Edwards Core Boring,
"age - ) in the general area showed the Edwards limestone to be
highly broken and cavernous except for the bottom 50 feet. The core
recovery and drilling action showed several cavities to be over two
feet high and of probably even greater lateral extent. Considering
the cavernous condition, the greater depth (430 to 700 feet), and
the relatively high hydrostatic head, it is believed that the minimum
design for an Edwards grout curtain would require a triple line of
grout holes on 2- to 5-foot centers. Even then there could be no
assurance that the increased hydrostatic head would not cause the
ground water to circumvent the curtain or develop new leakage paths
9irough previously backfilled caverns,

e. In consideration of above-mentioned problems it is
believed that storage of water in surface reservoirs would be
questionable because of high losses from evaporation; ring dikes
would not be effective in confining flows because of the highly
solutioned and cavernous subsurface; and the cost of a grout curtain
of the magnitude required to effect an adequate cutoff would be
prohibitive. In summation it does not appear practical or econom-
icall.y feasible to attempt to control the springflow from the
Edwards Underground Reservoir

17. CHEMICAL QUALITY OF WATER.- The ground water in the
greater portion of the Edwards limestone is of good quality, but
concentrations of calcium bicarbonate (20 to 200 ppm) impart a
moderate degree of hardness. This water hardness is typical of
Limestone reservoirs inasmuch as limestone is composed principally
& calcium carbonate which becomes readily soluble when acted upon
by the carbon dioxide (carbonic acid) in the water. Dissolution by
this process has accounted for most of the honeycombed channels and
cavrerns in the Edwards formation. An exception to this good quality
occurs in the deeper portions of the reservoir toward the south and
southeast. Because of this condition an imaginary line, referred to
as the "bad water" line, has been arbitrarily selected and is used to
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establish the southern and southeastern boundaries of the reservoir. The
separation is based on water having more than 1,000 ppm dissoved. solids
as opposed to water having less than 1,000 ppm dissolved solids, I the
zone of poor quality along the southern extremity of the artesian aquifer
the water is charged with hydrogen sulfide, a chemical that has an
offensive odor and is highly corrosive to metal. This condition is
believed to have resulted from restrictions (faulting and reduced perme-
abilities) in the formation which have prevented the free circulation
of the ground water. However, the water is generally acceptable for
irrigation, and 'the hydrogen sulfide can be removed. by prolonged aeration
and filtration through charcoal. Further south along the.downdip of the
Edwards limestone the water becomes highly mineralized with the con-
centration of dissolved solids as great as 5,000 ppm. Chloride concentra-
tion in this area is as great as 2,000 ppm.

a. "Bad-Water" Line.- The U. S. Geological Survey has made a
ground-water study of the transition zone between the good and bad water
that correlates changes in the water quality with changes in the aquifer
head.._5/ This study was based on several selected wells along the "bad-
water" line. During the study period between 1955 to 1962 the aquifer
head fluctuated. from a record low (end of the drought) to a near record
high. Three zones of different quality water were sampled. Zone 1 was
in an area of good quality water (about 300 ppm);' zone 2 was near the
"bad-water" line and tesLed close to 1,000 ppm; and zone 3 represented
an area of highly mineralized 'ater (3,000 to 4,000 ppm). The water
from zone 1 showed no significant quality change during the study period.
In zone 2 the quality of the water decreased during the pumping seasons
from May through October, but improved. (decreased in dissolved solids.)
as the pumping diminished between November through April. It was also
found that there was a relation between the amount of withdraw 'and
the amount of chemical quality change; that is, the higher the with-
drawal by pumping, the higher the change in dissolved solid content o
the water. These changes have been attributed to a disruption of the
hydraulic equilibrium of the water in this zone caused by extreme pumpage
and recharge. Overall, the quality of the water in zone 2 changed almost
13 percent from the median; the maximum improvement was about 8 percent
from the median; and the increase in dissolved solids was about 5 perce.

() The quality of the water in zone 3, the area containing
3,000 to 4,000 ppm dissolved solids, exhibited exactly opposite results
from those achieved in zone 2. In this case, the water quality improved
with increased pumping and became poorer when pumpage was lightest, The
change lagged approximately six months behind the change in zone 3 and is
believed to correspond. to a regional lag in the lateral movement of the
ground water. The total chemical quality change in zone 3 during the
study period was less than 5 percent.

(2) The water quality study has pointed out that changes
in the mineral content of the water near the "bad-water" line occur
as the reservoir stage fluctuates. However, to date, at the record
low, these changes have been nominal. Just what effect the lowering
of the reservoir below this historic low would have on the stability
of the "bad-water" line is conjectural.
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SPECIAL INVESTIGATIONS

18. INTRODUCTION.- Special investigations were made of specific
problems that developed as a part of the overall Edwards Underground
Reservoir study. These investigations included: drilling a deep
boring in Bexar County near Cibolo Creek, which penetrated the entire
Edwards and associated limestones section; electric logging of
investigational borings and existing water wells; investigation of
an existing dam on the Medina River; radioactive tracer studies to
develop hydrologic aspects of the Edwards Underground Reservoir; a
siltation study to ascertain effect of siltation as related to recharge
areas; and investigation of dam sites on principal streams in the under-
ground area for location of conservation storage and recharge reservoirs.
The results of all these studies are discussed in detail in the follow-
ing paragraphs.

19. EDWARDS CORE BORING.- Throughout the history of the Edwards
Underground Reservoir studies a stratigraphic core hole had never
been drilled that penetrated the entire thickness of the Edwards and
associated limestones. Although numerous surface studies in the form
of measured sections, etc., have been completed, very little informa-
tion is available concerning the in-place geological and hydrological
conditions pertinent to formation solutioning and flow paths. In
efforts to develop this information a 777.5-foot deep core boring,
designed to penetrate the entire section of Edwards and associated
limestones, was drilled in northeastern Bexar County at the inter-
section of Evans and Nacogdoches roads on the right bank of the Cibolo
Creek. This location, selected in cooperation with the U. S. Geological
Survey, was chosen after an inventory of surrounding wells revealed
relatively high ground-water yields. In this particular area the
underground reservoir or aquifer narrows to a zone approximately 5 miles
wide. By necessity, large quantities of water must pass through this
restricted zone in order to supply Comal and San Marcos Springs, making
this particular zone one of very high permeability.

20. In 1963 a l0-inch diameter hole was drilled to the top of
the Georgetown limestone. This initial drilling phase was completed
to a depth of 238.8 feet. After an electric log of the open hole
was made, the well was cased with 8-inch diameter line pipe, and
the annular space between the casing and the open hole was cemented.
The hole was drilled from this point with a 6-inch diameter core
bored to a depth of 321.5 feet where the boring was reduced to NX
size (3-inch) to its final depth.

21. A detailed geologic log of the boring is shown on plate 3.
A summary of the log is as follows:
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DepthMaterial

0.0 to 29.0 Sand and gravel
29.0 to 92.0 Austin chalk
92.0 to 127.0 Eagle Ford shale

127.0 to 175.0 Buda limestone
175.0 to 229.0 Grayson shale
229.0 to 243.8 Georgetown limestone
243.8 to 711.5 Edwards limestone

(as determined with
the assistance of
representatives of
Shell Oil Company)

711.5 to 777.5 Glen Rose limestone

The Walnut clay and Comanche Peak limestone formations were not
identified in the cores. However, it is believed the bottom 60 feet
of the Edwards formation is a time equivalent of the Walnut and
Comanche Peak. The bottom 51 feet of Edwards limestone from 660.6
to 711.5 exhibits characteristics very similar to those of the
4'le: Rose limestone. Lithologically it has essentially the same
characteristics as the Glen Rose, consisting of a moderately hard,
occasionally dolomitic, and generally argillaceous limestone. Thin
shale partings and a typical "speckled" appearance (phosphatic
nodules?) also resemble the Glen Rose. However, correlation with
other electric logs in the area where the top of the Glen Rose is
known or has been generally accepted shows the contact at about
711.5 feet. Assuming the 711.5 depth is the correct contact
between the Edwards and the Glen Rose and discounting any faulting
!in the section, the total thickness of the Edwards and associated
limestones appears to be about 482 feet. Regardless of which depth
represents the Edwards/Glen Rose contact, the referenced 50-foot
interval, for all practical purposes, is hydraulically a non-contri-
buting zone to the Edwards Underground Reservoir.

22. The Edwards limestone, as revealed by the cores, is a
hard, dense, lithographic to subcrystalline limestone, generally
highly broken and solutioned. Several reef zones, as well as chert
lenses and nodules, were noted and the rock did not appear to be
uniformly permeable. Favored flow paths, developed by continuous
solutioning action, are found throughout the section. The most
highly solutioned and broken zone occurs from approximately 486 to
598 feet. In this interval the core recovery was very poor and the

driller logged cavities up to 2 feet in diameter. The total core
recovery was .p-roxi- tely 65 percent of the total depth of the
hole. As this is relatively poor recovery for this type of rock,
it is believed that the loss further attests to a highly solutioned
and open jointed condition. Photographs of the core are shown on
figures 2 through 7.
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23. A bore hole camera was used in the Edwards exploration
boring from 238.0 to 180.o feet to supplement the information
obtained from the cores and to show the condition of the rock in
place. Only the structure of the rock (i.e., joints, fractures,
solution cavities, etc.) has been logged from the photographs.
(See plate 4). This was done in an attempt to define the principal
joint pattern of the rock. However, the determination of the indi-
vidual joint sets was not possible because the rock was too highly
broken and fractured. It was also intended to photograph the entire
depth of the boring, but obstructions in the bore prevented the
camera from penetrating beyond a depth of 480 feet. Although the
interval from 486 feet to 598 feet, where the core loss was
greatest, could not be photographed, it is believed enough of the
hole was photographed to give a preview of the rock conditions to
be expected in this interval. Figure 1 shows four bore photographs
of typical Edwards limestone.

24. Present plans now call for a recorder to be installed in
the well for use by the U. S. Geological Survey and the Edwards
Underground Water District in their continuing study of the aquifer.
An E-log of the hole is shown on plate 5.

25. ELECTRIC LOGGING.- Electric logs were made in exploration
borings at all of the investigated dam sites. Through the cooperative
assistance of the Geological Survey and a number of private companies,
electric logs were also obtained of a number of new and old wells
throughout the area. The E-logs have been very valuable in the corre-
lation of the rocks and in the defining of formational contacts. To
permit a continuing accumulation of ground-water data, local well
drilling companies have been supplied with cards addressed to the
Fort Worth District requesting pertinent data on new wells drilled
in the area.
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The Bore Hole Camera is an 8-m moving picture camera included in a
stainless steel tube 2-3/4 inches in diameter and 34- inches long.
A cab e is attached to one end by which it .is lowered into the bore
hole with a special lowering device. The lower end of the tube
contains a transparent quartz window which encircles the cylinder.
Inside the quartz window a conical mirror directs an image of the
bore hole as viewed through the window upward into the camera lens.
A hole through the axis of the conical mirror enables the camera
to include in the center of each circular picture an image of a
compass and drift indicator located below the mirror. A 3600 one-
inch image of the bore hole is photographed at 3/4k-inch intervals
as the camera is raised in the hole. 'the camera uses 8-mm color
movie film which is exposed one frame at a time by flashing a
strobe light as each frame moves into position behind the lens.
Photos obtained are viewed on a special projector and appear in
plane as a "dougiut". The photos that appear in figure 1 are
approximately true scale exposing about a l-inch segent of the
bore hole. They should be viewed as if one were in the bottom "of
the hole looking out, the outside portion of the "doughnut" being
the lowermost portion of the l-inch segent.
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DEPTH 328.0. ARROW IN CENTER OF DEPTH 332.4. PRINCIPAL JOINT IS

PHOTO POINTSTOTHE NORTH (MAGNETIC). STRIKING NE AND DIPPING ABOUT 450

LIMB TO RIGHT OF ARROW DENOTES EAST SE. NOTE THETWO PIECES OF ROCK

SIDE. NOTE THE LARGE OPEN FRACTURE IN 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 460.3. ROCK IS HIGHLY

SOLUTIONED; NOTE OXIDE STAINS

AND SOLUTION CAVITIES.

FIGURE I
BORE HOLE PHOTOS

EDWARDS EXPLORATION BORING

EDWARDS UNDERGROUND RESERVOIR
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Box I through 3; 238.8 to 255.0. Georgetown - Edwards contact is at 2 43.8, near top
of second box. Note reef limestone from 248.7. Depth increases from upper left
to lower right.

Box 4 through 6 ; 255.0 to 270. 2. Reef limestone continues to about 2 68.2

FIGURE 2

CORE FROM EDWARDS CORE BORING

200



Box 7 through 9 ; 270.2 to 296. 3. Considerable core loss in this interval. Rock
highly broken and solutioned.

Box 10 through 13 ; 298.9 to 317.9. Rock bit used from about 296.3 to
298.9. Rock is very hard and generally highly fractured and solutioned
in last three boxes.

FIGURE 3

CORE FROM EDWARDS CORE BORING
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Box 14 and 15; 321.5 to 394.6. Core reduced from 6" to 2". Depth
increases from upper right to lower left. Used rock bit from 317.9 to
321.5 and from 325.9 to 332.3. Generally very poor core recovery.

Note scattered chert from 359.2 to 360.3.

Box 16 and 17; 394.6 to 439.6. Core from 405.0 to 426.2 identified
as " Dr. Burton's Ammonite Bed" by Shell Oil Co.

FIGURE 4

CORE FROM EDWARDS CORE BORING
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Box 18 and 19; 439.6 to 484.2. Chert nodule at 447.3. Cavity reported
from 483.0 to 484.4. Note vertical and near vertical fractures.

Box 20 and 21; 484.2 to 593.3. Very heavy core loss in this interval. Core
in box 20 represents all that was recovered in 66.7 feet of hole. Highly

solutioned with cavities up to 2'.

FIGURE 5

CORE FROM EDWARDS CORE BORING
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Box 22 and 23; 593.3 to 649.0. Physical characteristics of rock improves
considerably at 640.0.

Box 24 and 25; 649.0 to 691.9. Rock below 660.6 is lithologically

and hydrologically similar to the Glen Rose. Contact was originally

chosen at that depth.

FIGURE 6

CORE FROM EDWARDS CORE BORING
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Box 26 and 27; 691.9 to 742.3. Edwards - Glen Rose contact, as selected by
representatives of Shell Oil Co., is at 711.5. Interbedded limestone and

dolomite below 711.5.

Box 28 and 29; 742.3 to 777.5. Glen Rose limestone. Bottom of hole

777. 5.

FIGURE 7

CORE FROM EDWARDS CORE BORING
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color change to tan, oxid at
base

This ierval from 4050

Dto 4262' Identified as DrBurton's Ammonite Bed"
a marker in the Edwards-
West Texas

-426 2'

LS, MH, buf f to wh, MG to CG,
TB, pitted, V foss (micro fossils),

-Varg and stained on bedding
contocts,some calcite veinlets

4474

so,Igranularicl,vug

4526

L S, H, It-tan, litho, D, M,
Sfr,calcite veinlets

calcte,so wh w/oxid,M,

,honeycombed

4617 LS,MH,It-tan, V foss Pecten

4643 and rudistids,vug,fr w/cacite

LS,H,lt-tan,ooitic, sh I Doi l
sugary texture, foss,Turritell

and rudistids, brittle,pit ted,
vug, pinpoint porosity

476.5'

LS,H,Vto V H It tan to buff,
brittle,D, foss, sli Doi, vug,

Sustained fr

483.04 ,harder, cav

gray Ch
486.3'

LS,H, extremely cavernous, br
cav, calcite ined and CI-fille

4921' D
49 'calcite, so, honeycombed

cav up to 2 A reported by
driller

5048
M,Aren,vug,mottled5068

alternating H LS and so
cavernous zones, calciteGand CI-filled

516 7'

H,D,calcie healed oxid,
fr, cavernous

5206
H, D, FG,cavernous

523 6

V cavernous,only fragments
of LS and calcite recovered,
drill rods drop freely; red C
found on drill rods

-5445'

SH,D, MG

5475'
honeycombed, stained, H, FGto MG, pinpoint porosity, fos

5510'
cavernous

--5550'
5566, bedded foss, H to MH

5575, vuggy to cavernous, H, D
reef app, cavernous, stamn

5602'
H,vug,reef app,brittle,cov
to I filled w/granular mtl

-5637' so,.
-5650,o sugary, secondary calcft

V cavernous, bra

570 H,DOI, pinpoit porosity

cavernous, H, D, red C in
cv, bro, stained,

,lltan, D, foss frAg
covernous,V poor
recovery

5898'
H,ID,tho,vug,calcite
veinlets, granular incl

5943 '
honeycombed, stained calcite

xtals concentration of
Exogyra, bro, stayed

5982

LS,MH, tAn to gray,TB,foss,
MG to CG, vug,fr

-6100'

6244

honeycombed,V H,foss
casts,colcite xtols

Ch,bk

6329' LS,H,I-tan, ithothinarG
seams at 632 9'covernous,fr, bro, calcite xtals

6368' and veinlets
thin conc of Turritella
at 6368

6415'

LS,H to MH,gray to ton,arg
lenses and incl, M,Avug,MG

D6473a vernou
-6484 aeros

H D, pitted

sty
652 5'

TB,cemer.ted fr,arg lenses,
sty

K-

6966'
699.2,

7052

7115'

sty,V"patchy" app, marine par tings
; Gr

inpont porosity, 0CVties, sty . Sd

CI

Cho

L S, MH, H, grayor g par tings,
sty, pinpoint porosityvug Sh or V arg seam

EDWARDS LIMESTONE LS
GLEN ROSE- SHELL OIL CO.

® Doi

calcite

LS and Doi MH,brn-gray to foss
ton, arg, thin wea zone (7172to 729.5, calcite-filled vugs,
pinpoint porosity FD Sol cov

c Ch

ssswea

,t fr

LEGEND

7343'
735.7'

7377'

7429Y

7440

7507'

754 2'

6582'
H,M,arg lenses, calcite veinlets,EDWARDS LIMESTONE

GA.A' ExADAyD GLEN ROSE-USC of E
LS,MH,It-ton,Dol, pinpoint and
micro- vug porosity

6657' MH-H,Afoss,pelecypods ohtes, M
6673'

LS, MH to H, It-gray w/dk-grayincI, sty, fossvugs, arg partings

-6738

It-gray w/filled cav giving
mottled app, Sh par tings sty,
oohtes

6793' MHSh, oolites, TB6804 MH,blulsh-gray !'speckled,'
sckensded, sty, Sh prtigs

682 7'

MH, M, It-gray w/bl-gray
incl, sty, ooli tes

vugs, calcite-f-illed -

-692 ' LS, si Doi, MH, It-gray, cacite -

- , filled vugs, p point porosity
69.'LS, Hto MH, blulsh-gray to

-6966' It- gray, foss

LS and Doi, arg,0,microvug
and pinpoint porosity

LS Limestone litho Lithographic

LS, It-gray, arg, Sh Inl dl Dolomite or Dolomitic arg ArgillAceous

Sh,so to MH,dk-gray,cal Sd Sand or Sandy cav Cavity
Gr Gravel or Gravelly sal Solution or Solutioned

LS, MH, gray to tan-gray, arg, Cl Clay or Clayey cry Crystae

pinpoint porosity, Sh partings, Ch Chalk or Chalky fr Fractures or Fracure

DADAaliteid, DA, Ch Chert or Cherty oxid Oxidized or oxidation stai
gys ap- dD Sh Shale or Shaly foss Fossiferous

LS,MH-H,greenish-gray,Varg H Hard brA Broken
MH Moderately Hard vug Vugs or Vuggy

so Soft D Dense
LS,and Dol, MH,brn-gray,pin- V Very cl Inclusions
point porosity, Sh parting and I Light nod Nodules
Intl dk Dark occ Occasional

brn Brown app Appearance

LS,lt-gray w/dk-gray streaks,V arg bk Black xtals Crystals

LS,Dol, arg, gray wh White mtl Material

bl Blue frog Fragments

TB Thin-Bedded sty Stylolitic
M Massive wea Weathered

FG Fme-GraID edD cal Calcareous

MG Medium-Grained par Porous

Dol,H toMH,brn-gray org, vugs, CG Coarse-Grained s Sightly

calcite-filled, Sh par tings and SC Started Coring coot Concentration
In VG, sty

NOTE:
Core loss column to /eft of the graphic log does not

take into account the areas of extensive solution

cavities and voids where no mater/ exit therefore,
although a recovery of ony 30% is shown, possibly as
much as 80% of the avai/ab/e rock was recovered

Boring is /ocated in Bexor County on the right bank

of Cbo/o Creek at the intersection of Evans and
LSM,11graM, inpint Nacogdoches rods

Lorsit-grsty,M, mpansfoss For a detai/ of structure ( a /oits, fractures, etc.) for
porsit, sy, h prtms, oss interval/ of boring from 238.0 to 480.0, see P/ate 4

Photo Log of Edwards Core Boring.
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SORE STOLE PHROM LOG wrd tore Boring
Edsardt Underground Rese-r air selme, Temas

... October 19a 1 /2 B .0 Fnir to our
o2~rw.0 - 4B0.0 n .ove 2780 Ooods rear casmau .. , re ouse s ae., oTmca..sw0"ar r242.0

38.0 Swart p-tgrepny

39.9-240.0 racture hairllne. tigtstrike X N Wdip o0SN. Rock apper stewned.
40.2-241.2 mlt il frcture wase rock iS stalned, bairline t gt to 1 16-inch

prtialy p. strike trends H N-1 and NO0E, di s30SY and 60u.

241.5-241.2 Mr tile fracture xzon. Ijrljne, t tto prtialy rocn mk appars
disturbed s srike trend 440'E to I-j, o i 5054N n4v-tpg-

244.7-245.2 Fatr.hiln.tat lgtyvrv oerc scindaa rm

the fracture plase et 245.1 and 24., strike E-Jr di uprxiaey

vertical.
24c.2-247.0 Disturbed zone, rock isbroken and weathred.a. s elr1k v A-to

drilling, no urientatio .

247.4-248.2 Rock is weathered with u upto jTw inch tog.
248.4-249.1 Fracture, hairline, tight, weathered strike N70 E, dip 90SE.

249.4-264.5 yugg zone rock is sl gty to highly weathered. __

252.1-254.1 Fracture, nairllne, tight, weathered, strike Ad0"W, dip vertical.
2o.5-267.7 Highly vgyzn.
2uB.,-272.2 Fracture zone, =ultiple, weatheredug, hairline it t wpatily

rock
pe.27 .4-270. is broken 'trendsa 

1r12.E, N4n k m smdtrH

?74.5-274.7 Rock brokense rock mission
75.2-276.3 Fuggy zone.
78.2-279.4 Disturbed xone the rock is weathered. vsaev. brken. fr rtur anod

chipped out from wall of the bole.
80.1-289.0 Disturbed -bne, rocksapers ihLy weathered end vey 8 -8 o

appears to be cvrou with the rock broken beck from h wll t n
289.1-290.2 Frecture, hairllne tgh.rk wahe. ri M5. n q
!90.7-291.9 Som of rock 1, chipped hot of the well.
92.7-294.9 Fracture end broken tome, the rock la broken, vuggy, and _athered with

soerock missing at 293.8 -294.4. sj-r strike trend N45oE, alp vertical.
!95.6-278.? highlyy westoered end vugfy zone, sm rock missing.
98.3-296.9 Fracture, heirline, tight, strike N-S, dip 9j E.
295.2-300.1 Fractulre, hairline, tight to prtially open, strike N15oE, dip 55osE.
02.(,-32.8 Fracture apeer, open, aproxiete sy1/to-inch, strLse N-S, dt 30.

04.5-30-.9 Rock mau1igsm of wne rock ap a to he broken ay from the wall.
05.0-306.7 Disturbed woneruck is aoderatl to highly weathered, fractured, broken

end wugsm rock missing strike trends 15 E, 130 E and i45 J, 'lp
45'W, 60*sW, end 609E.

10.7-311.1 ih ehre. ry n

11.5-312.5 Vgyzn.
11.9-312.2 Fracture hairline. tight. strike X-3- sin BOUPe mlexsand di.eontinuos.
13.2-313.9 MEltiple hairline, tight fractures disappearing into a vuggy, leached zone.
13.9-314.5 Highly weathered and vnggy zone with study materlel within the wogs.
14.5-315.9 Complex fracture xne hairline, tight wo partially open, stake trends

N80 Y, No0 E, dip trends 4j 3W and vertical. aandy material poled Ln.e
of the tugs and fractures, probably drill cutting.

10.6-326.7 Fracture end broken n, rock is weathered vuWg and broken aom rock
mleaing to 317.3, hairline, tight frectures continue to 318.4 here rock
becomes badly broken end disturbed, am rock aissing. Nost of the rock L,
broken hsck from the original well of the hole doe to the casing being

wuiled from the xone- 2.-2. the rock is not wholly broken back sod

lecturedd but is partll in lace. Groat noted from 317.2-322.8.
2."7-327.4 Rook Ss vuggy end Sron stained.
27.4-328.5 Edly broken zx e, o ontsti-n.
29.0-329.7 Isdly broken xoen orienatwon.
330.2-331.3 Badly broken zone, no rlentati-n

331.8-332.4 Fracture z one, frmctre appears tw e es ,tinted witn mn open iron ata ed

LJoint striking Nbeor, d4pPIng about 45 SE.
333.1-333.,2 Joint, hair1ine, tight to partially open, s me iron stolning noted, se

rock broken away from the Joint plane and acc-gpaied by hairline fractures
Strike NS, dip Wo4E.

333.7-335.3

335.3-335.8

335.d-336.0

336.0-346.0
358.0-358.3

358.9-359.4

3 0.7-3..d

3 4.6-3.5.0

3".x.0-3 , .3

3.r .,-3,7.0

367.9-30b.1

368.2-306.3

3W8.6-30.b6

369.0-370.9

373-5-373.E

374.3-3 74"

375.4- 770.

379.2

380.0-3B0.5

380.7

31.5-381.-
383.2-363.7

38".0-384.5

385.7-365.9 1

386.1

38.2-30.4

386.5-38.

37.3

387.0-387-.

388.1

388.3-393.

394.0-394.5

394.9-395.71

39%.7-398. 1

399.3-399.6 8

400.7-401.0 e
401.5-402.1 e
402.9-404.0 8
404.7-405.4 A
400.6 N
406.8 A
407.6 A

408.0-408.4 1
408.0 A
408.7-408.8 J
410.5-410.8 D
411.0-4]2.3 8
430.2-41". A

U.S ARMY

0
OAA

3Badly broken zno orientation.
3Hignly weathered, vuggy, iron stained rock.
Broken and fractured zone, sm rock lazsing, no orie-tlto,
Weatner-ed, Iron stained, vudgy limestone.
IJoint, surrounding rock broken, iron etained, no orientation-

Broken zone, rock !a broken away from the walls of un note, heavilyiro
stained.
joint, nalrline, appears opn, nenvily iron ,rained. Strike N750E, dlp45oSE, rock has a spotted appearance due to iron stains.
Horizontal Joint open 1/lo-inch, the rock is bedly ,wained and broken.
P... Ls broken away from the untie with sowe fracture, noted, hea-ily

iro- sHined.

Joint, 1/32-incr. ope,, heavily iron stained, s m ock broken, strike
N5046, diOuluw.
IJoint, 1/1 -incn open, -sulily iron stained, strike N45OE, dip 55OSE.
1Joint 1/1.,-lath open, heavily,iron stained, som rock broken strike N40E
dip od'SE.
Joint 1/32-inch open, heavily iron stained, strike approximately NS, dip
t5 "w.
Joint, appears open, rock broken, heavily iron shined, no orientation.
Joint, appears open, sor rook broken, strike WCO"W, dip about 45OSV

heavily Iron stained, tuck oraken away from the wallanos
Disturbed w n, heavily ironstained, no orientation.
Joint, open, up to 1/1-ineh, the rock is broken around the joint plane and

Is heavily iron stained. Strike M70 E, alp 45oSE.
Broken and fractured zone, - merck oraken back from the vanes of the hole.
One fracture is ha/rline, , rsoestainlng noted, strike X50"E
dip ve rtical.
Horizontal, opelr-m stalnee jint.

Broker zone, navily iro-. no inerdnoorientatin,-
Joint, horse zantal, appears open, heavi : tai eo.
Luv angle irruy.lr, ir an tainea joint, open
Broken z nsre oa-isei n nly Sron stained. orientstion
A aboe

Hrizontal Jalnt, o pen, snou 1/1-ach highly iron state., spq rod
broken.
As above (.pe, about LL-into. .
Jnint, ope, hgnly Iron stained, h ukI rN1.wteiiepna
strike A45 E, alp 300W.
Joint, open snout 1/lu-inch, highly iron stuined, strike N OUW unable to
determine dip.

Horizontal, open, iron swained Joint.
Joint, open, i/32-inch, Lson stained, strike N600E, dip 45"SE.
Horizontal, open, 1/a4-inch, 'ron stained joint.
Hairline, Sron stained joint leading to a 4.5 foot cawvit,. Ana ,cs lonnl
portion of rock uould show up out of focus bock in the cavity.
Joint open 1/lo-inch, highly Iron stain,, strike M30"E, dip od'SE.
Broken zone, Mhe rock is nignly iron stained and oroker, no orientation.
vertical joint, rock broken aay from wa1ls at 39:a7-397.4 son 398.2 -
398.6, strike Na, dip vertical , hlgely iron stInLd,
Broken zone, no orientation.
Broken zone, n orientation.
Broken zone, n orientation.
Broken wans, no orientation.
Broken n, oorientation.
Horizontal Joint, ope., iron stained.
Horizontal Joint, open, iron stained.
Horizontal joint,peIron signed.
Joint a ppear, opwn and iron stained.
Horizontal ,Joint, ope iron stained.
Joint low -g,Is per, pnand iron sarmed.
Disturbed zone, iron $Uam noted.
Broken zone, iron stained.
As above.

JLInttight, strik, YS nbl odtrn i.-
Hkorizontal oint, iron aand nr 'e rkn

A above.

Broken =11e, highly Iron Stained, nr orientati,- appear open.
Joint, open, Iron stained, horizontal, descrlptlon of the rock from 409.0
-431 mlay appear vague, but it is due to cho mirror I. the caea being
fogged over using the pictures to be hazy.ikorizontal, Iron stained, jpi-.

Borizontal, open, iron stained, Joint.

Joint, irregular, hairline, tignt, Iron stained.
Airline, tight, fracture onw
Joint, horizontal, open, Iron stained.
Joint, horizontal, pn iron stalnad.
Joint, complex, tight to partially open, highly iron Stained, aom rock "
broken, strike N850E, dip vertical.-
Joint, tight to partially open, highy on stained.
Rock is chipped -wy fom the roll.
Joint, bairline to partially open, rock broken, so s ock Lisintg, highlyIron stained, strike N500E, dip 450SE.
Joint, horizontal, appears open, And highly Iron stained.
Multiple Joints, hairline, tight to 1/32-Inch open, highly iron stAlned,
strike trend, N15 E, N35 E, and X600E, dip trends udoSE, 705, and 6OPSE.
Fractured Aid broken zn, appears open, heavily iron stained, no orlentatlo
Joint, horizontal, hairline And iron stained.
Joint, hairline, discontiruoua, iron stained, strike N450E, dip vertical.
racture, hairline, tight, strike N50*E, dip 75ONN.

Rork changes to a highly _ugLeached Iron Stained material.
oint, horizontal, open, highly Iron stained.
Joint, 1/32-inch open, hly iron stained, strike N420E. d1p about vertical
oint, open, horizontal, highly iron stain.d.
roke, zon ,appear open, highlY Sron stained noorientation.
oint, hAirllne, tight, strike Ne0Er d1p '{0NW

oint, horizontal, appears openhigl iron stained.
uggy, iron stained Anne, containin atiallyo nJoint from 460
4x.9, strike X754E, dip approxisit.l vertical.
ultiple complex Joints, hairline to 1/32-1nch open, sme filled rich drill
cuttings, strike trends BOE and W| that cha.ee to NW 0E then to P Eo

dip verti::al.
Ebltiple, complex, joint zone becoming a broken zone At 477.1 -4T7.8. Thejoints rane from hairline tight to 1/32-inch open, highly iron stained
vth soot of the Surroundsn rock being broken. (Cont'd)
trike trends N4 0E to N700E to E W,dp trends About vertical. No orienta-

ion withithe broken son or the 0- foot section be Lw 47.1 -4-78.1.
roken hghyzon, app-ar open, h Ityion tained, no rientation.

Bottom p 48.00
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26. MEDINA DAM.

a. Introduction.- Medina Dam is a concrete gravity struc-
ture located on the Medina River about 14 miles north of Castroville,
Texas. The spillway, 1200 feet long, is located over a saddle on the
right abutment and spills into an adjoining ravine. Construction on
the dam was commenced in late 1911 and completed in late 1912 to a
height of 164 feet. The dam has a crest width of 25 feet, a base
width of 128 feet, and a length of 1580 feet. The structure contains
almost 300,000 cubic yards of concrete. Plans show a core trench with
1-1/4-inch holes on 6-foot centers "grouted with neat cement under
pressure"; however, no data are available on the quantities of grout
used or the number of holes required. The Diversion Dam, located about
4 miles downstream, is an overflow weir with ogee crest and rollway.
The structure is 50 feet high, 44 feet wide at the base, 440 feet long,
and is arched slightly upstream.

(1) Both structures are infamous because of the leakage
from the reservoirs contained by the dams. It has been estimated that
an average of 42,700 acre-feet of water were lost annually by leakage
from the Medina Lake and Diversion Dam Lake for the period from 1935
to 1956._4/

b. General Geology.- Medina Dam is founded on the Glen Rose
limestone, Walnut clay, Comanche Peak limestone, and Edwards limestone.
The Glen Rose, an argillaceous, thin- to medium-bedded limestone with
thin interbeds of clay and shale, crops out in the river valley and in
the canyon walls to about elevation 1000 (see plate 6). The Walnut
clay, a tan to gray, soft to moderately hard, argillaceous limestone
bed, approximately 12 to 14 feet thick, overlies the Glen Rose. The
rock is distinguished by an abundance of Exogyra scattered throughout.
The Comanche Peak limestone, about 37 feet thick at the dam, is composed
of a soft to moderately hard, fossiliferous limestone. Lithologically
the rock is very similar to the overlying Edwards except the Edwards
is generally more crystalline and massive, and contains chert nodules
and lenses.

(1) All of the rock in the vicinity of Medina Dam, from
the Glen Rose limestone through the Edwards limestone, has been rather
extensively jointed and fractured due to their proximity to the Balcones
fault zone. Solutioning is well developed along these features as
witnessed by rather spectacular springflows in the spillway discharge
channel and along the river bluff in the left abutment downstream from
the dam. From observations over the past year it has been noted that
the volume of springflow appears to be directly proportional to the
storage in the reservoir. Two sets of joints have been identified in
the area: (1) a primary or predominant set trends about N35*W to
N50*W, and (2) a near normal set trending about N50* E to N58* E,
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roughly parallel the faulting in the Balcones fault zone (see plate 6).
Two minor faults with 6 to 8 feet of displacement were mapped in the
discharge channel.

c. Investigations.- The feasibility of reducing leakage
from Medina Reservoir has been explored by (1) geologic mapping,
(2) core and "fishtail" borings, (3) electric logs, (.) water pressure
tests, and (5) dye injection tests. The geology and structure were
mapped in the vicinity of the .dam and in the spillway discharge channel
to develop the principal joint and fracture pattern and to define the

formational contacts; three 2-inch diameter core holes, one on each
abutment.and one in the river channel below the dam, were cored to
depths variable from 100 to 163 feet to study the physical character-
istics of the bedrock and to locate formational contacts; five holes
were "fightailed" to a depth of 175 feet and water pressure tested
in l0-foot increments to define the zones of high permeability; E-
logs were made in all eight borings for correlation purposes; and dye
tests, using a fluorescein dye, were conducted in one spillway hole,
2F-7, and two left abutment holes, 2C-1 and 2F-8, to determine if
communication could be established with springs below the dam. The
results of these investigations are shown on plate 6, Geology, plate
7, Plan and Geologic Profiles, and plate 8, Logs of Borings, and dis-
cussed in the following paragraphs.

d. Results of investigations.- As previously noted, the
limestones at Medina Dam are generally highly jointed and fractured,
and leakage is associated primarily with an interconnected system of
joints, fractures, and bedding planes which act as conduits between
the reservoir and springflow. Water pressure tests conducted in all
of the borings showed the rock to be generally tight except where
joints and fractures were encountered. Additional evidence of the
interconnection of the joiht system was evidenced from the results
of the dye tests. After introducing dye and pumping about 1700 cubic
feet of water over a three-hour period in boring 2F-7 in the spillway
saddle,, dye appeared in a spring in the spillway channel some 1350
feet south of the hole. The water was pumped in the hole between the
depths of 108.8 feet and 120.0 feet. Similar results were obtained
with dye tests in two borings on the left abutment. Dye was intro-
duced in boring 20-1 below a depth of 80 feet and, after pumping 30
minutes at a rate of about 1.7 cubic feet per minute, dye emitted
from spring No. 4, located approximately 430 feet southwest of 2C-1.
Dye introduced in 2F-8 appeared in spring No. 8, about 700 feet south
of the hole after pumping about 733 cubic feet of water in the boring
below a depth of 55 feet over a 2-1/2-hour period. These tests show
that the springs contiguous to and downstream from the abutments have
direct communication with the reservoir through interconnected joints
and fractures. Assuming that this condition also exists in the
foundation rock, it appears that very large volumes of water can be
lost through open jointing, especially under full or high reservoir
head.
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e. Conclusions and recommendations.- Based on the subsur-
face exploration and surface observations made at Medina Dam to date,
it would appear that a comprehensive grouting program could reduce
leakage from Medina Lake. However, to determine the effectiveness
and cost of such a program, a detailed and comprehensive investiga-
tion would be needed. For example, additional ground-water studies
would be necessary to determine the relationship of possible adjoin-
ing ground-water divides; subsurface and structural investigations
would be necessary to delimit possible faulting and its relation to
the presently recognized jointing; and detailed geologic mapping of
the reservoir would be required to develop the pertinent surface
characteristics.

27. RADIOACTIVE TRACER STUDY.- An investigation of laboratory
and other scientific methods. for .obtaining information regarding
movement of underground waters revealed that satisfactory results
could be obtained by the "tritium analysis method". This method
involves the laboratory analysis of natural water molecules. As
commonly known, molecules of water consist of atoms of hydrogen and
oxygen. Atoms of an element such as hydrogen appear in two or more
forms having the same or very closely related properties. These atoms
have the same atomic numbers but different atomic weights. The dif-
ferent forms of the atoms of an element are known as isotopes. Tritium
is a radioactive isotpoe of hydrogen. This natural isotope of hydrogen,
which is present in the atmosphere and in water at all times, is pro-
duced by interaction of the atmosphere with cosmic rays from the sun.
Its concentration, however, has been increased in the past few years
by the nuclear bomb testing programs. This radioactive tritium
appears in the water and atmosphere in only minute quantities and is
not hazardous to human or animal life. Tritium 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.
The use of natural properties of water molecules in underground reservoir
tracer studies is recognized as being superior to the introduction of
artificial dyes or other chemicals.

28. To learn how effective tritium can be in studying the movement
of water in the Edwards Underground Reservoir, the Fort Worth District
entered into a contract with Isotopes, Inc., of Westwood, New Jersey,
in early 1963 to perform a localized pilot test program using natural
tritium measurements. The procedures to be employed called for three
initial samples, one each from the Nueces and Medina Rivers and Comal
Springs, to be analyzed to determine the natural basic tritium count
over the area. After it was determined the tritium count. in the area
could be measured, a program of sampling was planned by the Fort Worth
District, in cooperation with the U. S. Geological Survey, calling for
approximately 100 samples from wells, springs, and rivers. The samples
were collected in two stages; the first set prior to a rainy season and
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the second set after the rains. Unfortunately, the anticipated heavy
rains did not come although there was some minor precipitation in the
area in late October and early November 1963. A total of 94 samples
was collected in August and November of 1963. and forwarded to Isotopes,

Inc., for analysis. The location of the sampling sites is shown on

plate 9.

29. Only 13 of the 75 wells sampled had. a measurable quantity of
tritium without enriching the samples by an electrolytical process.
Therefore, in order for a detailed study to be conducted, the labora-
tory equipment would have to be refined so that lower counts of tritium
could be measured (communications with Isotopes, Inc., inform that

equipment is presently being modified to measure as little as 15
tritium units) or the samples would have to be enriched.. Because of
the lack of traceable tritium in many of the samples, the results of
the investigation are not conclusive. It is generally felt, however,
that the measurement of natural tritium in the water can resolve many

recharge/discharge problems. Velocities and flow paths can be deter-
mined by means of an artificial injection program whereby known
quantities of tritium can be injected into the reservoir and traced
throughout their course. The. method suggested would be to start arti-

ficial injection around an area of large discharge such as Comal
Springs, then work in increments setting up measuring stations for
injection along the gradient of the reservoir. It is not known how
long such a program would require.

30. Based on the initial work by Isotopes, Inc., it is.believed.
that radioactive tracer studies can be successfully utilized to
resolve problems not as yet fully understood about the hydrology of
the Edwards Underground Reservoir. The report by Isotopes, .Inc.,

entitled, . "Technical Report Tritium Analyses on Surface, Spring, and

Well Water from the San Antonio Area, Texas," is included as an attach-

ment to this appendix.

31. SILTATION. - A review of available information concerning the
effect of siltation as related to recharge areas (solution channels,
joints, fractures, and faults) does not suggest that reservoir siltation
will seriously impair existing recharge capabilities. It is recognized
that the streams in the Edwards Plateau carry a considerable volume of
suspended solids during flood stages and that at least a portion of
this material is deposited into openings through which recharge water
infiltrates. This is very much evident in Uvalde County where small
recharge projects were successful only after the large rock openings
were protected with steel grates to keep out trash (vegetation) and

rock material carried by the runoff water. However, this condition is

not typical as the streams carry very little material during normal
flow and only in isolated cases will large openings be available.

More typical are the many small, sometimes minute, joints, fractures,
and solution channels in the rock. Although silting could conceivably
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cause a minor plugging effect in some of these small openings, it is
anticipated that more of the openings will be enlarged by water erosion
and dissolving action than will be filled with silt. It is conceivable
that reservoirs constructed in the loss areas will experience some
siltation on the reservoir floor, but such deposits would not neces-
sarily preclude leakage and would have no effect on the leakage which
takes place through the interconnecting cracks and channels in the
reservoir rim. A good example of continued leakage over a long period
of time is evidenced at Medina Dam and Diversion Dam on the Medina
River. This project has been in operation for 50 years, and the leak-
age at present is as great as. at any time in the past.

32. DAM SITE INVESTIGATIONS.- Dam sites were located on all of
the major rivers and creeks flowing from the Edwards Plateau south and
southeastward to the Gulf. Investigations were conducted along some of
the streams in the recharge area (west of San Antonio) to locate dam
sites designed for structures with two different plans of operation.
First, sites for conservation reservoirs were located above the heavy
seepage loss areas in zones where the streams have cut through the
Edwards and Comanche Peak limestones into the underlying Glen Rose
limestone. Generally, these sites were located as far downstream as
geologic conditions permitted so that maximum resources could be
developed. Second, sites designed for "dry-pool reservoirs" were
located downstream in the Balcones fault zone on the Edwards outcrop.
These sites would be designed to capture the floodwaters and release
them at the infiltration rate of the streams in the Edwards outcrop
area. At these sites leakage from the reservoir is acceptable so long
as it does not occur as direct underseepage which could affect the
structure foundation. The location of the sites is shown on plate 10
and listed in the following tabulation:

SITE STREAM APPROXIMATE LOCATION

Montell Nueces River 2 Miles S of Montell
Davenport Hill Dry Frio River 5 Miles SE of Reagan

Wells
Concan Frio River 1.5 Miles N of Concan
Sabinal No. 1 Sabinal River 11 Miles N of Sabinal
Sabinal No. 2 Sabinal River 12 Miles N of Sabinal
Seco No. 1 SecQ Creek 16 Miles NW of D'Hanis
Seco Noe 2 Seco Creek 21 Miles NW of D'Hanis
Hondo Hondo Creek 17 Miles NW of Hondo
Bat Cave Cibolo Creek 6 Miles NW of Bracken
Comfort Guadalupe River 3 Miles W of Comfort
Cloptin Crossing Blanco River 2 Miles SW of Wimberley
Dam No. 7 Guadalupe River 11 Miles NE of Boerne
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33. All of the dam sites were not investigated by core borings.
Generally, it was felt that detailed exploration was more important on
the dam sites considered for conservation pools. Furthermore, founda-.
tion problems are not expected to be as prevalent in the , ry-poolt
locations (Edwards and Comanche Peak limestone) as inthe sites for
the conservation pools (Glen Rose limestone). At the sites selected
for subsurface investigations the core borings were generally located
on the abutments and in the river valleys to determine the suitabilityof the rock as a foundation for the proposed structure.. Water pressure
tests were conducted in each individual boring, where possible, to
determine the. rock permeability and to assist in estimating seepage
losses. Also, electric logs were made to aid the correlation between
abutments. In addition to the core borings at each site,' a geologymap of the proposed dam and reservoir area was prepared for Montell
Concan, Cloptin Crossing, and Bat Cave Dam sites. This permitted a
study designed to, evaluate potential leakage conditions in the res-
ervoirs. A controlled mosaic was flown for the Montell site and
topography on the left abutment and spillway saddle was prepared
using a Kelsh plotter.
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M TELL DAM SITE - NUECES RIVER

34. PHYSIOGRAPHY AND GENERAL GEOLOGY.- Montell Dam site is located
on the Nueces River approximately two miles south of Montell, Texas, in
Uvalde County. The site is included in the Edwards Plateau section of
the Great Plains physiographic province north of the Balcones fault zone.
Topography within the area features the moderate to strong relief of a
dissected, gelogically young plateau. A short distance south of the
dam site and beyond the Balcones fault zone the land form changes to the
flat, featureless topography of the Coastal Plains physiographic
province.

35. At the proposed dam site the Nueces River has cut its channel
through the Edwards and Comanche Peak formations, Fredericksburg group,
into the underlying Glen Rose formation, Trinity group, and now meanders
in a broad valley between fairly steep canyon walls. The Glen Rose
formation crops out along the valley walls and supports the alluvial
deposits in the valley section. Where investigated, the formation
consists of an argillaceous, light colored limestone with thin inter-
bedded calcareous shale seams. Stairstep topography, typical of the
Glen Rose, is not prominent in the proposed reservoir area. The over-
lying Comanche Peak formation is lithologically similar to the upper
member of the Glen Rose formation. A distinguishing feature is its
product of weathering, which is generally characterized by irregular,
angular nodules with indistinct bedding planes. In areas where the two
formations are not exposed, the Glen Rose can often be distinguished
by its greater abundance of vegetal cover. Total thickness of the
Comanche Peak at the dam site is approximately 50 feet. The Edwards
formation, which immediately overlies the Comanche Peak, caps the hills
and ridges in the area. The formation consists of a gray, hard, massive,
dense, and sublithographic variable to medium-grained limestone, hert
nodules up to 2-1/2 feet in diameter are found throughout the formation.
Although the Edwards is reportedly only 50 to 100 feet thick in the
area, approximately 182 feet of Edwards-like limestone was measured
near the right abutment. This section did not reveal a well-defined
contact with the overlying Kiamichi formation, The only distinction
in the section was the thin bedding exhibited in the upper 64 feet in
contrast with massive bedding in the lower 118 feet.

36. The Edwards and associated limestones, which include the
Comanche Peak, Edwards, Kiamichi, and Georgetown formations, have been
mapped as one unit (see plate 11). The Walnut clay has not been
identified at the dam site to date and reportedly does not exist in
Uvalde County.

37. STRUCTURAL GEOLOGY.- Although the major zone of faulting
in the Balcones fault system is located south of the dam site, a few
small related faults have been found in the proposed reservoir.
Field mapping and exploration did not reveal faulting between the
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abutments, but, west of the right abutment (west abutment), two

vertical fracture zones trending N80 E and N86E cut the Edwards,

Comanche Peak, and the Glen Rose limestone formations. Surface

expression of these zones is marked by limonitic ironstone debris

and vegetation, best seen on the Edwards limestone exposures. The

northernmost fracture zone is 8 to 10 feet wide with no apparent dis-
placement, and the southern fracture zone is 12 to 15 feet wide with

minor displacements to the south. These zones of fracturing extend

at least 3.5 miles southwestward in an en echelon pattern. Southwest

of the dam site a few minor fracture zones are noticeable and a small

graben, involving at least two and possibly three vertical faults, is

located approximately 1.2 miles west of Montell in the Dry Creek area

(see plate 11, Dam Site and Reservoir Geology). The aggregate apparent

displacement of the two southernmost faults appears to range from 80

to 110 feet with downthrow to the north. Displacement on the third

vertical fault could not be determined. The two southernmost faults

apparently intersect southwest of Dry Creek and continue to the west

as a single zone, faulting out the Comanche Peak limestone and the

lower part of the Edwards limestone. Best available evidence indicates

that this single zone has a minimum stratigraphic displacement of 108

feet and a probable maximum of 140 feet. The general strike for the

referenced faulting is approximately N80 E. Other faults or fracture

zones are located approximately 5.5 miles northwest of the tcown

of Montell. These fractures have disrupted bedrock and at one point

have caused Montell Creek to abandon an old meander. No displace-

ments are apparent although the zone of fracturing is 250 to 300 feet

wide in the bluff east of Montell Creek. The principal zone of this

fracturing is approximately 1,4 miles long and trends N72*W. A

smaller but associated zone trends about N67 E. The fracture dips

are generally near vertical.

38. The bedding in the dam site area strikes eastward and

suggests a slight dip southward Dips up to 9 have been noted near

faults. The most prominent geologic structures generally trend

parallel to the regional strike.

39. RESERVOIR LEAKAGE.- Texas Water Commission Bulletin 5807D,

Channel Gain and Loss Investigations, Texas Streams, 1918-1958,

reports that no sizeable water losses occurred in the 25 miles of

river channel investigated from Barksdale in Edwards County to Laguna

in Uvalde County. Low-flow investigations were made in December 1954,

February and September 1955, and July 1957. Underflow in the porous

gravels covering the Glen Rose limestone makes the determination of

losses and gains very difficult, but apparently the Glen Rose lime-

stone is not accepting appreciable amounts of water in the immediate

reaches above the proposed dam. Geologic mapping of the area

revealed several small faults in the proposed reservoir; however, it

is not believed that these faults will cause excessive leakage as

secondary limestone and banded calcite deposits have sealed many of

the exposed joints and fractures. A possible leakage area

221



may develop in a 25-foot vertical sink located in the Glen Rose limestone
approximately 8,200 feet west-southwest of the right abutment. The sink
is included in the previously described fracture zone. Another possible
source of leakage may be a 4.5' by 4.5' cave located in close proximity
to the sink and extending approximately 15 feet horizontally along a
fracture zone into the steep bluff of Comanche Peak limestone. Obvious
solutioning has taken place along this zone and additional investigations
will be required to evaluate the condition. No vegetation is associated
with the previously mentioned graben fault structure west of Montell,
but both areas of the large scale fracture zones are marked by narrow
bands of dense vegetation and some open fractures.

40. INVESTIGATIONS.- Exploration began on Montell Dam site in
1938 with the drilling of 19 shallow earth auger holes and the excava-
tion of two shallow test pits. However, these borings did not reach
the top of rock along the proposed axis and only penetrated a portion
of the valley alluvium. In late February and early March 1962, two
NX-size core borings were drilled to explore foundation conditions on
the right abutment and to determine the bedrock configuration beneath
the valley floor. In March of 1963, two NX-size core borings were
drilled on an alternate, contiguous, upstream axis and one NX-size core
boring was drilled at the lower site. The lower site boring was drilled
in the area southwest of the right abutment for investigations of a
possible spillway site. Subsequent design studies, however, indicated
economic advantages in locating the spillway on the left abutment.
Materials studies consisted of one 8-inch diameter auger boring in the
valley alluvium. The location of recent exploration borings are shown
on plate 11, Dam Site and Reservoir Geology.

41. Geologic mapping in the vicinity of the dam site was completed
in July 1963 by U. S. Geological Survey personnel. The primary purpose
was to locate possible leakage sources due to geologic structures or
rock characteristics. A controlled mosaic was flown for the reservoir.
Topography on the left abutment and spillway saddle was prepared using
a Kelsh plotter.

42. An upper site, approximately 1.5 miles above Montell, Texas,
was considered, and a topographic profile was prepared. In 1938 the
site was initially explored with several shallow core borings and
auger holes. After reservoir storage considerations, it was decided
the lower site was the more desirable.

43. DAM SITE GEOLOGY AND FOUNDATION CONDITIONS.

a. General.- The Glen Rose formation of the Trinity group
will confine the reservoir and provide the foundation for the dam and
appurtenant structures. Geologic mapping at the dam site located the top
of the Glen Rose at approximately elevation 1500. The formational se-
quence overlying the Glen Rose, in order of decreasing age, includes the
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Comanche Peak, Edwards, and Kiamichi formations (Fredericksburg group),
and the Georgetown formation (Washita group). With the exception of
the Glen Rose, the referenced formations are all located above the
proposed maximum pool level. The Edwards, Kiamichi, and Georgetown
formations are undifferentiated and generally cap the hills and ridges
with resistant limestones.

b. Lithology.- The Glen Rose limestone is an argillaceous,
light-tan to medium-gray, sometimes dolomitic limestone with occasional
thin shale and clay seams. The rock is aphantitic to fine-grained,
moderately hard, and highly fractured in zones. Some of the beds
contain small vugs, solution channels,and fractures that are
occasionally clay filled. Fossiliferous beds are found throughout
the formation. The overlying Comanche Peak formation is similar to
the Glen Rose formation in the vicinity of the dam site. The rock is
chiefly a moderately hard, light-gray limestone that weathers into
irregular, angular nodules. The fossil Exogyra texana is scattered
throughout the formation but is more common toward the base. The
Edwards limestone, undifferentiated from the overlying Kiamichi and
Georgetown formations, crops out as resistant limestone bluffs,capping
the hills. The rock is a hard, brittle, very resistant, light-gray,
lithographic variable to medium-grained, massive limestone. Scattered
chert nodules are found throughout the entire thickness of the forma-
tion.

c. Weathering.- Chemical weathering in the form of
solutioning, oxidation, and hydration is very apparent in the cores
obtained during the exploration drilling, as well as from the outcrops
in the vicinity of the dam site. The weathered surfaces of the lime-
stone are generally pitted and contain some solution cavities and
fractures which are commonly iron stained. Boring 2C-l, located on
the right abutment at station 3+13, exhibited minor weathering
effects in the form of oxide staining and clay fillings in and on
the fracture surfaces over the total depth of boring (49.T feet).
Boring 2C-4, located at station 0+00 on the right abutment also
showed minor staining and solutioning to its total depth (80.0 feet).
However, intense weathering (alteration of entire rock mass) appears
to be surficial, generally less than 10 feet below top of rock.
Beneath the valley alluvium, the Glen Rose limestone is generally
fresh or only slightly weathered to depths of 5 or 6 feet. Mechanical
weathering (rock separation and pulverizing by the action of tree and.
shrub roots) is evident on the Glen Rose outcrops, but is very minor
as compared to the effects of chemical weathering.

d. Faulting.- Core boring data and geologic mapping did
not reveal faulting at the proposed dam site. The top of the Glen
Rose is found at approximately elevation 1500 on both abutments and.

apparently is not offset. Faulting and intense fracturing, as deter-
mined by geologic mapping, have been described earlier in this report.
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e. Overburden.- Alluvium up to 45.5 feet in depth has been
deposited in the broad valley formed by the meandering Nueces River.
Boring 2C-2 and 8A2C-3 encountered 44.7 and 45.5 feet, respectively,
of silty sandy clays, sandy gravels, and gravels. Generally, 10 feet
of sandy clay is found overlying 11 to 13 feet clayey sand and gravel
which, in turn, is underlain by 20 to 25 feet of gravel composed of
limestone and chert. Additional gravel deposits have been noted as
bar deposits along the tributary streams in the dam site area. However,
these deposits are often caliche cemented. The abutments support a
relatively thin mantle of residual soil and talus composed primarily
of clays with some silt and gravel. The spillway saddle, located north
of the left abutment, probably supports some overburden but the depth
is not believed to exceed 5 to 10 feet. Plate 12, Geologic Profile,
shows the inferred depth and extent of overburden along the proposed
dam axis.

f. Leakage. - Hydraulic pressure testing was conducted in the
core borings at the Montell Dam site. Borings 20-1 and 20-4, located on
the right abutment, showed the Glen Rose limestone to be slightly to
moderately permeable over the total depth tested. Generally, high water
takes were experienced in the upper portion of the borings where
weathering is the most extensive. Boring 2C-4, for example, took an
average of 4.8 cfm from depths of 19.6 feet to 42.4 feet. From 42.4
to 53.8 feet, the boring took only 0.3 cfm at 40 psi. The remainder
of the boring took approximately 1.5 cfm at 50 psi. Boring 2C-5,
located southwest of the right abutment, took an average of 5.5 cfm
over the first 43 feet tested and was essentially impermeable over the
remainder of the boring. The total drill water losses in the upper
limits of boring 20-5 also indicate some leakage. Both valley holes
20-2 and 8A2C-3 were tight with no takes encountered at 50 psi. The
pressure test results are shown on plate 13, Logs of Borings.

g. Water table.- The abutment borings at the dam site did
not encounter a water table. Core hole 8A2C-3, located in the valley,
recorded a water level at a depth of 25 feet four days after the boring
was completed. Based on available information, it is believed that the
local ground-water level is tributary to the proposed reservoir area.
Also, inasmuch as several springs emit from the basal Edwards, located
high on the valley wall, it is believed that some isolated,perched
levels occur within the reservoir rim. Detailed subsurface informa-
tion concerning the regional aspect of the ground-water levels is not
available and the possible existence of ground-water depression or
divides effecting reservoir losses will require investigation during
subsequent planning.

44. CONSTRUCTION MATERIALS.- Investigational borings at the daam
site indicate that the Nueces valley includes relatively large deposits
of river alluvium. Where investigated, the deposits appear to consist
of approximately 10 feet of sandy clay mantle,underlain by approxi-
mately 30 feet of sand and gravel. The clay mantle may include varying
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proportions of gravel. Additional investigations will be necessary to
determine the suitability of these deposits for embankment materials.
Limestone for use as random rockfill will be available from the
required spillway excavations in the Glen Rose limestone and can also
be obtained from other adjacent areas. Use of this material, however,
may require some processing or selective quarrying to remove the
clayey portions. A better quality rock is available from the Edwards
limestone formation located at higher elevations at and contiguous to
the dan site. Local sand and gravel deposits have not been tested for
use as concrete aggregate. Approved sources are located in the general
area of San Antonio, Texas.

45. CONCLUSIONS AND RECOMMENDATIONS. - The following conclusions
and recommendations are based on investigations conducted to date:

a. The Upper Glen Rose limestone will provide a satisfactory
foundation for the dam and its appurtenant structures. The spillway
located north of the left abutment has not been explored by core
borings, but information from geologic mapping does not indicate any
structural problems. It is believed, however, that weathering has
extended for a considerable depth into the rock in the spillway saddle.
Overburden, consisting of permeable sands, gravels, silts, and clays,
is at least 45 feet thick throughout the valley, and a cutoff trench
to bedrock will be required. Foundation treatment will be required.

b. There are no known faults cutting the dam axis. A
fracture zone, located north of the right abutment, is traceable for
a considerable distance, but will not affect the dan foundation.

c. The Glen Rose limestone will form the reservoir for the
proposed Montell Dam site. Generally, experience has shown the Glen
Rose to be relatively impermeable and capable of containing a reser-
voir. Hydraulic pressure tests in the valley borings have shown the
rock to be tight, while minor takes were recorded in the abutment
borings. The fracture zone, located north of the right abutment,
shows evidence of solutioning, as indicated by caves and sinks, and
may require further exploration to define the in-place, subsurface
conditions. Outside of the referenced fractured zone, geologic
mapping and core boring exploration did not reveal any unusual
leakage conditions.

d. Relatively large quantities of alluvium are included
in the valley of the Nueces River but from present investigations
appear to be predominantly sand and gravel. Adequate quantities of
material suitable for an impervious core are believed available from
the mantle of clay, silt, and clayey sand overlying the gravels in the
valley flood plain. Limestone suitable for use as random rockfill
material is available locally.
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CONCAN DAM SITE - FRIO RIVER

46. PHYSIOGRAPHY AND GENERAL GEOLOGY.- Concan Dam site is located
approximately one and one-half miles upstream from the intersection of
Highway 127 and the Frio River near Concan, Texas. The site is situated
on the Edwards Plateau near the northern edge of the Balcones fault zone.
The flat, featureless Coastal Plain physiographic province lies to the
south. Topographically,the Edwards Plateau consists of a rugged
mountain-type land form that includes deeply incised valleys with steep,
near vertical bluffs.

47. In the vicinity of the dam site the Frio River has cut its
channel through the Edwards and Comanche Peak formations into the
underlying Glen Rose formation, the oldest rock exposed in the reser-
voir and dam site area. The Glen Rose formation, found in the valley
floors and a portion of the valley walls, is composed of alternating
beds of hard limestone and soft, shaly limestone. When exposed and sub-
jected.' to differential weathering, the alternating beds form a
stairstep-type relief. The Comanche Peak formation overlies the Glen
Rose formation and features a hard, light-gray limestonevarying in
thickness from 60 to 85 feet. The most distinguishing characteristic
is its nodular appearance in weathered outcrops. The Edwards formation
overlies the Comanche Peak formation and caps the hills with steep
walls of resistant limestone. The rock is fine- to medium-grained,
hard, massive, and highly cavernous and/or honeycombeddue to secon-
dary solutioning along joints and fractures. 'Scattered chert nodules
and occasional dolomitic limestone beds are found throughout the for-
mation. The Walnut clay, which has not been recognized at the site,
is generally considered absent in Uvalde County.

48. The Comanche Peak limestone and Edwards limestone of the
Fredericksburg group have been mapped as one unit, see plate 14.
Hydrologicallythese formations, together with the overlying Kiamichi
and Georgetown formations, are considered as one unit commonly referred
to as the Edwards and associated limestones.

49. STRUCTURAL GEOLOGY.- The Balcones fault zone is the control-
ling structural feature of the Edwards plateau. Typically the zone
consists of a series of east-west trending faults and minor folds that
have a broad lateral extent and a relatively wide range of displace-
ments. In the northeastern part of Uvalde County,a total displacement
of approximately 700 feet across the zone has been reported. To the
southwest the zone apparently becomes one of folding and fracturing
rather than large faulting and is not easily recognized. Three normal
faults, traceable for approximately three miles, are located within
two or three miles of the site. These faults were mapped by the
Geological Survey during the field work for the Uvalde County
report. 25/ Although the faults have no direct relation to the founda.
tion or leakage conditions at the site, they are indicative of the
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proximity of the site to the Balcones fault zone. Faulting in the

reservoir and at the proposed site is discussed in detail later in

this report.

50. Formations in the vicinity of the proposed dam site dip

approximately 35 to 45 feet per mile in a southerly direction. The

observed dip of the strata becomes distorted near faults but appears

to increase towards the south.

51. RESERVOIR LEAKAGE.- Factors affecting leakage; i.e., fault-

ing, fracturing, solutioning, etc., were investigated by geologic map-

ping, core drilling, and seepage measurements. The geologic mapping

conducted by U. S. Geological Survey personnel did not reveal any

unusual geologic phenomena that would contribute to excessive reser-

voir leakage. Several small caves, a few springs, and one sinkhole

were noted during the field work. The observed caves included two

small openings of less than two feet in diameter located in the right

bank of a stream near Cowan Springs and a vertical opning approxi-

mately one foot in diameter located at elevation 1400- near the right

abutment of the proposed dam site. Field investigations concerning

springflows located two small springs between the First and Second

Crossing of the Frio River, see plate 14; namely, the Cowan Springs

at the contact between the Glen Rose and Comanche Peak formations,

and a small unnamed Glen Rose spring on the west bank of the Frio

River 1200 feet north of the First Crossing. A small flow was also

noted from the Glen Rose-Comanche Peak contact located under Highway

83 approximately 1.2 miles north of its junction with Highway 127.

In addition to the above-referenced potential leakage areas, one

small sinkhole was located immediately north of Highway 127, approxi-

mately 0.35 mile west of the First Crossing. For the location of the

caves, springs, and sinkhole see plate 14, Dam Site and Reservoir

Geology.

52. Seepage investigations on the Frio River above the stream-

gaging station at Concan did not show appreciable streamflow gains

or losses in the stream interval traversing the Glen Rose limestone.

Low-flow investigations were conducted in January, February, and

September of 1955 and July of 1957. The only potentially serious

leakage area noted was on the right abutment at the dam site. Here

the Edwards and Comanche Peak limestones have been downfaulted to

approximately elevation 1300, and water pressure tests have shown 
the

rock is highly permeable. However, as Concan is to be operated as a

"dry-pool" reservoir, any leakage through the rock that does 
not

affect the stability of the structure can be tolerated.

53. INVESTIGATIONS.- Concan Dam site was originally explored

in February 1962 with the drilling of three NX-SiZe core borings

along the proposed dam axis. Two borings were located on each

abutment and one boring was located in the valley section. In
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April and May of 1963, two additional borings were drilled along the dam
axis. Boring 2C-8 was drilled on the right abutment at elevation 1457
to a depth of 229.0 feet. This boring-was necessary to delimit the
Edwards-Comanche Peak and Comanche Peak-Glen Rose formational contacts.
Boring 8A6C-6 was located near the toe of the right abutment to deter-
mine the depth to the top of rock. The proposed spillway, located west
of the right abutment, was explored with one core boring drilled to a
depth of 80.0 feet. In addition to the six core borings, two shallow
auger borings were completed for borrow investigations in the valley
north of the proposed dike. All of the core borings were hydraulically
pressure tested and, where conditions were practical, electric logs
were run.

54. Detailed geologic mapping in the vicinity of the dam site
was completed in early 1963 by the U. S. Geologic Survey in coopera-
tion with the Corps of Engineers. The area was mapped to locate any
potential leakage areas due either to structure (faulting) or rock
characteristic-s.

55. Investigations were initiated in 1925 and 1926 by a private
engineering firm on the "Shut-in" Dam site located approximately one
and one-half miles downstream, immediately north of Highway 127. This
investigation consisted of several churn drill holes that were drilled
to depths varying from 75 to 135 feet and were logged by examination of
"cuttings", sampled at various intervals. In addition, the U. S. Army
Corps of Engineers, Galveston District, drilled one core boring along
the axis to check the accuracy of the churn drill holes. The results
of this exploration are summarized in a report by the Galveston District
entitled "Geology of the Shut-in Dam, Dike and Reservoir Sites, Frio
River," dated April 1938. In January 1963, additional investigations
were made at this site by five 2-inch diameter core borings, located
along the proposed axis. Based on this investigation, it was deter-
mined that the site was not suitable and the present axis was
selected.

56. DAM SITE GEOLOGY AND FOUNDATION CONDITIONS.

a. General.- The Glen Rose limestone, Comanche Peak lime-
stone, and Edwards limestone all crop out in the vicinity of the dam
site. The Glen Rose formation of the Trinity group, the oldest unit
exposed, is found in the valley floor beneath the alluvium and along
the canyon walls. The overlying Comanche Peak limestone of the
Fredericksburg group forms a band 60 to 70 feet thick along the valley
walls. The Edwards formation, also of the Fredericksburg group, caps
the hills with easily recognized resistant limestone bluffs. Both
abutments are relatively steep and support a heavy growth of shrubs
and trees. Faulting in the valley has offset the Comanche Peak-Glen
Rose contact approximately 70 feet. The contact on the right abutment
was located at approximately elevation 1329, whereas the contact on the
left abutment was located at approximately elevation 1400.
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b. Lithology.- The Glen Rose formation is composed of alter-
nating beds of hard and soft argillaceous limestones, shaly limestones,
and dolomitic limestones. The limestone is tan to gray, thin- to medium-
bedded, occasionally includes shale and/or clay seams, and commonly
includes fossiliferous zones. Thin zones of limestone,.peppered with
black, medium-grained, phosphatic nodules, fossil-like in appearance,
are found at various horizons throughout the formation. However, corre-
lation of these zones was not possible. The Comanche Peak formation
overlies the Glen Rose and features a hard, light-gray, nodular lime-
stone with clay-filled solution channels or borings. Hairline, shaly
partings and stylolites are scattered throughout the formation. In
boring 2C-8 the Comanche Peak was found to be 58.5 feet thick. The
Edwards formation crops out below the maximum pool on the right abut-
ment, The rock is a hard, massive, highly solutioned, fine- to medium-
grained limestone and dolomitic limestone. Chert nodules are scattered
throughout the formation.

c. Weathering.- Evidence of chemical weathering, represented
primarily by solutioning, oxidation, and hydration, is clearly seen in
the exploratory core and also in the rock outcrops. Generally, weather-
ing in the valley is shallow, extending only a few feet into the Glen
Rose limestone. Boring 2C-3, located on the left abutment, exhibited
slight weathering in the Glen Rose to a depth of 39 feet. The Edwards
and Comanche Peak formations were very slightly weathered over the
entire cored section in boring 2C-8, located on the right abutment.
Solutioning is very prominent in the Edwards and Comanche Peak with
openings up to 6 inches in diameter being encountered in the borings.
Cavernous weathering is also evident in the Glen Rose but to a lesser
degree. Oxidation, in the form of iron oxide staining, is present on
fracture surfaces to a depth of 141 feet in boring 2C-8. Hydration
with subsequent clay coating and deposition on and within fractures is
found throughout the weathered rock. Mechanical weathering in the form
of tree roots separating and breaking the limestone is present at very
shallow depths.

d. Faulting.- Investigations, including. both geologic sur-
face mapping and core borings, have revealed considerable faulting in
the vicinity of the dam site. In the area between the First and Second
Crossing on the Frio River, numerous faults, trending approximately
N65*E to N80 *E, give the net effect of a graben. In the bluff west of
the Second Crossing, a normal falt trending approximately N80*E has
offset the Comanche Peak-Glen Rose contact approximately 80 feet.
Apparent downthrow was to the east. West of this fault the top of
the Glen Rose is at approximately elevation 1380 while east of the
fault the top appears to be around elevation 1300. At the dam site
location a small fault has been inferred to cut the dam axis between
borings 2C-l and 2C-8 (see Geologic Profile, plate 15). This fault
could not be detected on the surface, but distinctive Glen Rose
limestone is located approximately 30 feet higher (elevation 1329)
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in boring 2C-l than in 2C-8. Other faulting is also inferred at the pro-
posed axis inasmuch as the top of the Glen Rose is approximately 70 feet
lower on the right abutment (elevation 1329 ) than on the left abutment.
Plate 14, Dam Site and Reservoir Geology, shows one of the larger faults
projected beneath the alluvium and cutting the dam axis. However, there
is no direct evidence that this is the principal fault or the only fault.
Field mapping has revealed that most of the faults observed are zones of
intense fracturing having several planes of displacement. One such zone
was noted cutting the hill immediately north and west of the First Cross-
ing. At this point the Edwards limestone has been downfaulted against
the Comanche Peak along a zone more than 60 feet wide that trends N60*E.
This fault was graphically projected beneath the proposed dam axis, but
the displacement is not believed to be large enough to account for the
total offset between the abutments. In addition to the faults shown on
plate 14, many minor faults and fracture zones were observed in the
Comanche Peak limestone that crops out in the bed of the intermittent
stream near Cowan Springs and also in the Glen Rose limestone on the
north bank of the Frio River near the Second Crossing. At the present
stage of investigation it is not known to what extent the foundation
beneath the proposed dam is faulted, and it is possible that additional
mapping and drilling will locate several displacements.

e. Overburden.- With the exception of small pockets or
areas of residual soil held in place by vegetation, there is little or
no overburden on the abutment slopes. Borings 2C-l and 2C-8 on the
right abutment and boring 2C-3 on the left abutment encountered no
overburden. In the river valley the maximum thickness of alluvium
was 19.6 feet in boring 2C-2. At this point four feet of sandy clay
was found overlying 15.6 feet of gravelly sand and cobbles. Pre-
viously, it had been thought that the Frio River may have had its
channel near the base of the right abutment, but boring 8A2C-6
encountered only 13.0 feet of alluvium at this location. Plate 15,
Geologic Profile, shows the projected top of rock across the valley.
Boring 2C-7, drilled in the proposed spillway, encountered five feet
of highly weathered and broken limestone but no overburden.

f. Leakage.- Hydraulic water pressure tests conducted in
the core borings revealed that the Glen Rose and Comanche Peak lime-
stones are relatively impervious. In contrast, the Edwards limestone
encountered in boring 2C-8 on the right abutment revealed a highly
pervious condition. Within the interval from ground surface to a
depth of 80 feet the minimum take was 3.2 cfm at 0 psi. The maximum
take was 4.0 cfm (pump capacity) at 2 psi. The remainder of the rock
was essentially impermeable. Experience has shown that on the Edwards
Plateau leakage generally occurs in the highly weathered and fractured
surface rock. An example of this is found in boring 2C-7, located in
the proposed spillway. At this location water takes, up to 2,9 cfm at
20 psi, were recorded to a depth of 32 feet, Below this interval
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the rock (Glen Rose) was impervious. Water pressure test results are
shown on plate 17, Logs of Borings.

g. Water levels.- The water level was determined in only
one boring at the site. In boring 2C-7 (approximate elevation 1360),
located in the proposed spillway, the water level was 49 feet on
23 April 1963 (23 days after completion of hole).

57. CONSTRUCTION MATERIALS.- Flood-plain deposits believed to be
suitable for embankment material are available from the valley of the
Frio River. However, these deposits appear to be limited and may not be
sufficient to construct an earthen embankment. Boring 8A-4 encountered
4 feet of sandy clay overlying 1.5 feet of gravelly clay and refused
penetration at 6.0 feet. Boring 8A-5 encountered 6 feet of sandy clay
overlying 7 feet of gravel, sand, and clay and refused penetration at
13 feet. A 1938 report by the Galveston District states "an ample
supply of material for an earthen dam can be found approximately 4,000
to 6,000 feet below the First Crossing." This report was based on
numerous pits and holes excavated in the area by a private engineering
firm. Information concerning quantities and laboratory testing of this
source is not available. Limestone suitable for random rockfill will be
available from required excavation for the spillway and from the rock
outcrops of Glen Rose and/or Edwards limestones in the immediate area.
Commercial sources of gravel and limestone for concrete aggregate are
available in the San Antonio area.

58e CONCLUSIONS AND RECOMMENDATIONS.- The following conclusions
and recommendations are based on investigations conducted to date:

a. Foundation conditions at the Concan Dam site are struc-
turally satisfactory for the proposed project. The Glen Rose lime-
stone comprises the bedrock in the valley section and left abutment;
the Glen Rose, Comanche Peak, and Edwards limestones comprise the
right abutment; and the Glen Rose limestone underlies the proposed
spillway. Minor slaking may occur within the shaly limestones of
the Glen Rose but should not cause structural instabilities. Addi-
tional investigations will be required to delimit the faulting beneath
the proposed dam axis,

b. Leakage through the Glen Rose formation should be nomi-
nal based. upon information from hydraulic water pressure tests. How-
ever, the Edwards' limestone on the right abutment is highly permeable.
The pressure tests conducted in the Comanche Peak showed the formation
to be considerably less permeable than the Edwards limestone. To pre-
vent piping and detrimental underseepage, foundation treatment will be
required.
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c. Seepage measurements in the Frio River above Concan
showed no streamflow losses. Geological mapping did not reveal any
unusual leakage conditions. It is not known what influence faulting
will have on leakage.

d. Materials suitable for an earthfill embankment may be
available in the flood plain of the Frio River, Silt deposits were
observed in many areas along the flood plain, and sand and gravel are
available in sufficient quantities for use as free draining material.
Additional subsurface exploration will be necessary to evaluate borrow
areas,and testing will be required to determine the suitability of the
sand and gravel for concrete aggregate.
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SABI L DAM SITE NO. 2- SABINAL RIVER

59. PHYSIOGRAPHY AND GENERAL GEOLOGY.- Sabi nal Dam site No. 2
is located on the Sabinal River approximately 12 miles north of
Sabinal, Texas, Uvalde County. The site is situated in the Edwards
Plateau section of the Great Plains physiographic province along the
northern edge of the Balcones fault zone, Preliminary subsurface

investigations have located faulted intervals and evidence of igneous
intrusives. The Glen Rose limestone, the oldest formation exposed in
the area, crops out along the valley walls and underlies the valley
alluvium. The formation is approximately 900 feet thick and has been

divided into an upper and a lower member. The division is based on a

fossiliferous zone referred to as the Salenia texana zone. The lower
member is composed chiefly of massive limestone beds with thin shale
and marly interbeds, whereas the- upper member is a thin-bedded argil-
laceous limestone with many clay, shale, and very marly interbeds.

The Comanche Peak formation of the Fredericksburg group overlies the

Glen Rose limestone and appears as a thin outcrop belt along the higher
ridges and hills. The rock is a hard, nodular limestone commonly dis-

seminated with tubelike openings. Generally the tubes are filled with
soft,earthy material. The Edwards formation, a massive, hard, crystal-
line limestone, overlies the Comanche Peak and caps the higher hills
in the area. The rock is generally quite massive and resistant to

erosion and is easily recognized by its bluff forming characteristics.

60. Relief in the vicinity of the dam site features rolling hills
capped with near vertical bluffs of massive limestone. At the investi-
gated site, the Sabinal River has formed a broad, alluvium-filled
valley approximately 3,000 feet wide. The right abutment rises steeply
from elevation 11.0 to 1380 in less than 800 feet, whereas the left

abutment rises gradually as a gently sloping hill, Upstream from the
proposed site the valley becomes wider and the relief is not so rugged.
Approximately one mile downstream from the investigated dam site, the
valley narrows into a V-shaped canyon with steep, relatively vegetation-
barren abutments flanking both sides of the river. For the plan of
.operation of the Edwards Underground Reservoir, whereby water is to be
released into the underground as quickly as possible to reduce the

effects of evaporation, a dam located along this stretch of river
would be more desirable.

61. STRUCTURAL GEOLOG7 - The Balcones fault zone, a belt of
intense faulting extending northeast-southwest across Uvalde County,
is the principal structural feature in the area. The Geological
Survey 25/ reports that in the northeastern part of the county, the
total vertical displacement across the zone is approximately 700 feet.

The largest single fault in the vicinity of the dam site is located

approximately 2,000. feet downstream (see contact aerial photo on

plate 18). This fault is an extension of the Woodward Cave fault,
prominent in Medina County. The total displacement appears to be
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approximately 175 feet and has resulted in the Edwards formation being
down-faulted against the 1en Rose formation. Two other faults are
located south of the Woodward Cave fault but the displacements are
relatively minor. Approximately 2,000 feet northwest of the right
abutment a small, normal fault has been mapped but its displacement is
unknown. The valley section of the dam site also appears to include a
fault as evidenced by approximately 84 feet of stratigraphic displace-
ment between the right and left abutments (see plate 18). This inferred
fault, however, is covered with alluvium and has not been accurately
located by drilling. Additional investigations may find a relationship
between the valley faulting and the igneous plug encountered beneath
the valley alluvium.

62. The regional dip of the beds in the area is toward the south-
east at a low angle. Considerable steepening occurs adjacent to fault
zones.

63. RESERVOIR LEAKAGE.- Geologic investigations to date indi-
cate that the entire reservoir will be included within the Glen Rose
limestone. A few igneous dikes or plugs may be' intruded into the
valley section, causing some seepage through fractures or along the
periphery of the intrusives. In the event future subsurface investi-
gations encounter water losses in these areas, it is believed that
remedial grouting will be applicable and capable of "tightening" the
intervals. Future explorations should be alerted to the need for
delimiting the referenced anomalies, and provisions should be made
whereby the true water-table conditions can be clearly defined. If
subsurface investigation determines a ground-water coning effect in
the area of the dikes or plugs, it is possible that the ground water
is escaping, and grouting may be required. In 1938, investigations
along a proposed dam axis, located approximately 2,000 feet downstream
from the present site, revealed three sinkholes in the valley adjacent
to the centerline. In a report on the geology of this site it was
stated that, in all probability, the sinks connect with and discharge
into the "Blue Water Hole," the last permanent pool under normal flow
conditions on the Sabinal River. It is not known if the sinks are
continuous and founded in the bedrock or are simply formed in the
alluvial gravels. Inasmuch as no loss of flow is noted between these
sinks and the "Blue Water Hole," it is quite possible that the con-
nection is through bedrock. Although these sinks were noted down-
stream from the presently proposed axis, associated solutioning
phenomena may have developed similar conditions in the site area.

64. From 1934 to 1958 seven low-flow investigations were made
on the Sabinal River. The results of these measurements, published
in Texas Water Commission Bulletin 5807D, Channel Gain and Loss
Investigations Texas Streams, 1918-1958, conclude; "No material
water losses were found in the reach on the Glen Rose limestone."
Shortly downstream from the gaging station, at a location referred
to as "near Sabinal" ,actually located a few thousand feet below
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the proposed site), the river crosses a series of faults which down-
fault the Edwards limestone into the riverbed. In April of 1958 the
low-flow seepage investigation showed 58 percent of the streamflow
was lost between the gaging station "near Sabinal" (river mile 31.A)
and the gaging station at Sabinal (river mile 49 .0). It may be con-
cluded from these investigations that the Glen Rose limestone in the
river valley is apparently capable of containing water, at least at
low flow stages of the river.

65. INVESTIGATION.- Sabinal Dam site No. 2 was explored with
three NX-size core borings in April and May 1963. Boring 2C-1,
located on the right abutment, was drilled to a depth of 182 feet;
boring 2C-2, on the left abutment, was drilled to a depth of 208 feet;
and boring 8A2C-3, a combination auger and core boring located in the
valley, was drilled to a depth of 113.8 feet. Borings 2C-1 and 2C-2
were drilled to explore the characteristics of the rock comprising
the abutments and to locate possible faulting. The valley boring was
drilled to determine the thickness and type of valley alluvium and
the suitability of the underlying bedrock for structure foundations.
All of the borings were water-pressure tested. The locations of the
borings are shown on plate 18.

66. In 1938, a dam site, located approximately 200 feet down-
stream from the present site, was explored with seven auger borings
drilled along the axis. The borings were designed to locate the top
of rock and to explore the nature of the overburden.

67. DAM SITE GEOLOGY AND FOUNDATION CONDITIONS.

a. General.- The location of the dam site was moved
upstream from the site investigated in 1938 primarily to permit the
dam and reservoir to be founded entirely on the Glen Rose limestone
and outside the recognized limits of intense faulting. Topographically,
the site is located as far upstream as is practicable without resort-
ing to an excessively long embankment and reduced reservoir storage
capacity. However, as revealed by recent explorations, additional sub-
surface investigation will be necessary before the present location
can be considered a firm site.

b. Lithology.- The Glen Rose limestone of the Trinity
group comprises the foundation rock for both abutments and a portion
of the valley beneath the alluvium. The formation consists of a soft
to moderately hard, argillaceous limestone with thin shale and marly
limestone interbeds. The rock is light tan to gray, generally fossil-
iferous, and includes some solutioning. The rock is generally highly
fractured to a depth of 100 feet. Some secondary deposits of clay
were encountered on the fracture openings. The included shale beds
are generally gray to dark gray, soft, and calcareous. Both 2C-1 and
2C-2, abutment borings, encountered soft, crystalline, white to gray
gypsum beds, approximately 9 feet thick, at depths of 141.5 and 113.9
feet, respectively.
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(I) Boring 8A2C-3, drilled in the valley on the center-
line, encountered an igneous plug or dike beneath the valley alluvium.
The rock comprising the plug is an igneous breccia composed of angular
to subrounded basalt fragments up to 2 inches in diameter, tightly
cemented with calcium carbonate. Light-green serpentine usually forms
a thin coating on the basalt fragments. The breccia is massive and
soft variable to hard. It is believed that boring 8A2C-3 penetrated
the edge of the plug inasumch as the core was highly broken and
included some limestone fragments. More exploration will be required
to define the areal extent of the breccia and its possible association
with faulting.

c. Weathering.- Unusually deep weathering in the form of
hydration and oxidation was revealed by subsurface investigations in
the abutments. Generally, the limestone was highly weathered, broken,
and often included clay fillings in the fractured openings. One possi-
ble explanation for the deep weathering in the limestone at this loca-
tion is the close proximity to faulting and the presence of the igneous
plug or dike. Iron oxide staining on the fracture surfaces and bedding
planes extends to a considerable depth. Rock penetrated in boring 2C-l
is moderately to highly weathered to 94 feet, and slightly weathered
from 94 feet to 128.8 feet. Boring 2C-2 encountered fresh limestone
at a depth of 102.5 feet. The rock was only slightly weathered below
91.0 feet. Based on past experience, it may be assumed that weather-
ing extends only a few feet into the bedrock in the valley section.
The breccia encountered in boring 8A2C-3 was highly weathered (pri-
marily oxidation) for the first 10 feet but essentially unweathered
below this depth.

d. Faulting. - Correlation of the cores taken from borings
2C-l and 2C-2 infers that a fault or series of faults, with a total
displacement of approximately 84 feet, cuts the dam axis, downfaulting
the right abutment. Correlation is based on a 9-foot gypsum bed
encountered at elevation 1117.5 in 2C-1 and at elevation 1201.2 in
2C-2. The U.S. Geological Survey 25/ notes that two anhydrite beds
are persistent throughout Uvalde County and are easily correlatable
on electric logs. In the northern part of the county the first bed
is approximately 200 feet and the second bed approximately 400 feet
below the top of the Glen Rose limestone. The gypsum bed encountered
in the borings is, in all probability, the upper evaporite zone.
Although the exact location of the fault is unknown, it is believed
the fault is associated with the igneous plug encountered in boring
8A2C-3 at station 31+79. This reasoning is based on the possibility
that the plug or dike was injected into a zone of weakness, caused
by the fault. Plate 18 shows the inferred geology along the dam axis.
Additional investigations will be necessary before the inferred fault-
ing can be identified and located.

e. Overburden.- Only one boring was drilled in the valley
alluvium along the centerline. This boring (8A2C-3) encountered 35.9
feet of alluvial material consisting of, from tQ' to bottom, 7.0 feet
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of calcareous, sandy clay, 8.0 feet of clayey, sandy gravel, and 20.9
feet of stiff sandy clay with scattered limestone particles. The
abutments are essentially free of any overburden materials except for
a thin, spotty mantle of residual soil, held in place by vegetation.

Plate 18 shows the inferred vertical and horizontal extent of the
overburden along the dam axis centerline.

f. Leakage.- Hydraulic pressure tests conducted in the
borings revealed a high leakage condition in the Glen Rose limestone
which comprises the abutments. Boring.2C-l, located on the right

abutment, recorded takes up to 3.8 cfm to a depth of 43 feet and
6.3 cfm from 83 to 103 feet at 40 psi gage pressure. The remainder

of the intervals tested took less than 1.0 cfm. Boring 2C-2, located
on the left abutment, took 4.0 cfm from 39 feet to 90 feet and 1.8 to

3.5 cfm from 151 to 194 feet. Losses in other portions of the hole
were insignificant. Three short intervals could not be pressure

tested because the packer could not be seated. The igneous intru-

sive encountered beneath the valley alluvium was essentially tight.

Only one short test interval recorded a water take. The pressure
test results and data are shown on plate 19.

g. Water table.- The ground-water level was recorded at
a depth of 167 feet in boring 2C-2, drilled on the left abutment.

Ground-water levels were not determined in the valley or right abut-

ment borings.

68. CONSTRUCTION MATERIALS.- Material suitable for use as imper-

vious core is probably available from the clayey valley alluvials dis-
cussed earlier in this report. However, sufficient quantities for use

as earthfill embankment material are questionable. Material suitable

for random rockfill or riprap is available in the immediate site
vicinity. Several sand and gravel deposits are located locally, are

suitable for use as free-draining material, and may be suitable for

concrete aggregate. Acceptable tested sources of sand and gravel for

concrete are available from the area of San Antonio, Texas.

69. CONCLUSIONS AND RECOMMENDATIONS.- Studies at Sabinal Dam

site No. 2 have raised several questions concerning both the suita-
bility of the reservoir to contain water and structural features of
the foundation rocks. Conclusions and recommendations concerning
these conditions are as follows:

a. Considerably more exploration in the vicinity of the

dam site will be required to define the areal extent of the igneous

plug or dike and to locate the fault or faults that are inferred to

intersect the proposed dam axis. In addition, extensive drilling and

pressure testing of the rock will be required to determine to what

extent intrusives and/or faulting have ruptured the bedrock. A
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potentially serious leakage condition exists in the limestone and gyp-
sum comprising both abutments, and along the periphery of the referenced
intrusive. The highly soluble gypsum bed encountered at the site will
require special foundation treatment.

b. Investigations to date have not been sufficient to per-
mit a realistic evaluation of the reservoir leakage characteristics.
Additional studies must be conducted upstream from the dam site to
determine the physical characteristics of the rock and to test what
effect the igneous activity in the area may have had on the bedrock.

c. Preliminary investigation suggests a sufficient quantity
of material is available from the valley alluvium for an impervious
core. Additional investigation will be required to determine the
quantity available for use as embankment material. Adequate quantities
of material for rockfill or riprap are available in the immediate
vicinity of the dam site.
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SABINAL DAM SITE NO. 1 - SABINAL RIVER

70. GENERAL.- For the plan of operation whereby flood water is
to be captured and released into the underground as quickly as possi-
ble, a dam site on the Sabinal River was selected about 1 mile down-
stream from Sabinal Dam site No. 2 and about 2,000 feet downstream
from the "Blue Water Hole," the last permanent pool under normal flow
conditions. Topography in the area is rugged and well suited for the
proposed structure. The river has formed a narrow V-shaped canyon,
cut into limestone belonging to the Edwards and Comanche Peak forma-
tions. A dam constructed at this location with a top elevation of
1244 will have an axis about 2370 feet long and will create a tempo-
rary reservoir that will inundate a small privately-owned concrete
dam located about 800 feet upstream from the axis.

71. FOUNDATION CONDITIONS.- There has not been any foundation
drilling at Sabinal Dam site No. 1; however, a geological reconnais-
sance of the area shows the structure will be located in the Balcones
fault zone and founded on the Comanche Peak and Edwards limestones.
Geologically the structure will be founded on rock similar to that
at Medina Dam on the Medina River. The Comanche Peak formation,
approximately 50 feet thick, overlies the Glen Rose limestone and
occurs as a thin belt, outcropping along the base of the ridges bor-
dering the river. The rock is a hard, nodular limestone distinguished
by tubelike borings filled with soft earthy material. The Edwards
limestone overlies the Comanche Peak and caps the hills and ridges in
the area with a hard, massive, crystalline limestone with chert lenses
and nodules scattered throughout. The rock is considered adequate to
support the structure. Foundation treatment, however, will be
required.

72. With the dam site located in the Balcones fault zone,
faulting will not be uncommon. About one-half mile upstream from
the axis the Woodward Cave fault has a stratigraphic displacement of
approximately 175 feet. In addition to this large fault, two small
normal faults, one immediately upstream and one downstream of the
dam site, can be seen cutting the rock. Although the displacements
are relatively small; they attest to the intensity of the structural
disturbance in the area, and minor faulting at the site itself may
be discovered as additional exploration is carried out.

73. It may be concluded from the geological reconnaissance
that the site is geologically and topographically suited for the pro-
posed structure. Faulting will probably be encountered, but should
not be a hazard to the safety of the structure. Alluvium encountered
in the river valley will be less than 20 feet thick. Materials for
an earthfill structure of the size proposed may be available upstream
in the vicinity of the investigated site. If earthfill material is
not available in sufficient quantities, then rock for a rockfill
structure may be obtained from a nearby source. As the dam site is
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located only about 2,000 feet downstream from first measurable flow

losses in the Sabinal River, siltation of the reservoir is not

expected to significantly reduce the infiltration rate of the surface

water into the underground aquifer. Seepage investigations show sub-

stantial streamflow losses for the next 17 river miles below the dam

site.
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SECO DAM SITE NO. 1 - SECO CREEK

74. PHYSIOGRAPHY AND GENERAL GEOLOGY.- Seco Dam site No. 1 is
located on Seco Creek in northwestern Medina County, approximately 16
miles northwest of D'Hanis, Texas. Seco Creek is an intermittent stream
which has its headwaters in south central Bandera County. The creek
flows southward across Bandera and Medina Counties to its confluence
with Hondo Creek in north central Frio County. From its headwaters in
Bandera County to a short distance downstream from the proposed dam
site, Seco Creek flows over the Glen Rose formation, Trinity group.
The rock is a moderate slope former and is easily recognized by its
"stair-step" topography. Massive bluffs of resistant limestone,
belonging to the Fredericksburg group, cap the higher ridges and
hills throughout the watershed. A short distance downstream from the
dam site the Edwards limestone is downfaulted into the streambed and
for the next 2.8 miles the creek flows over the Edwards and Comanche
Peak limestones. Throughout its short course, Seco Creek traverses
the southern portion of the Edwards Plateau, crosses the Balcones
fault zone, and empties onto the flat, featureless Coastal Plain
area.

75. STRUCTURAL GEOLOGY.- The dam site is located on the north-
ern edge of the Balcones fault zone, the principal structural feature
in Medina County, which trends in a northeasterly direction across the
county. Several near parallel normal faults, located downstream of
the site, are included in the zone. The U. S. Geological Survey 9/
states that the displacement along the individual faults ranges up to
700 feet, and surface expressions can often be traced for as much as
35 miles. The Woodward Cave fault is the nearest significant fault
to the dam site.

76. RESERVOIR LEAKAGE .- Although exploration has shown that
the proposed reservoir will be confined within the Glen Rose limestone
(usually considered reasonably tight), there is some evidence that the
rock at this location is not suitable to contain water without exces-
sive leakage. Foundation drilling at the site showed the rock to be
highly weathered and broken, and water pressure tests indicated a
relatively high permeability. Drilling has not encountered the water
table, suggesting the streamflow may be tributary to the ground-water
level. A low-flow seepage investigation to determine flow gains and
losses was conducted on Seco Creek from its headwaters in Bandera
County to U. S. Highway 90. The investigation was made from April 1
through 4, 1959, and divided the area into four sub-reaches. Sub-
reach 1, the only area this report is concerned with, covers that
portion of creek that flows on the Glen Rose.limestone above the
upper contact of the Edwards limestone. This reach, 16.4 river miles
long, contributes most of the flow of Seco Creek. Bulletin 5807D,
Channel Gain and Loss Investigations, Texas Streams, 1918-1958,
recorded the following results: "The flow increases from 1.5 cfs to
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about 33.5 cfs in the upper 13 miles of the reach. The losing section
begins about 1 mile above the gaging station near Utopia; about 5.3 cfs
was lost from that point to the upper contact of the Edwards limestone

2.0 miles below the gage." The proposed dam site is located about 1.2

miles below the referenced gaging station and about 0.8 mile above the

Edwards contact. During the exploratory drilling at the site, drill-

ing.water, was obtained from Seco Creek approximately 1 mile above the

gaging station. At this time it was noted that the creek flow was.very

low and had ceased flowing before reaching the gaging station located

1.2 miles above the dam site. The results of this one seepage inves-
tigation would suggest that some losses will be experienced in the

streambed above the dam site. The extent to which construction of a

dam and reservoir would increase the leakage in this stretch is con-

jectural and would require detailed studies. However, it appears

reasonable to assume that reservoir losses'would be considerably

greater than stream losses at low-flow stage.

77. INVESTIGATIONS.- Initial foundation investigation at the

site consisted.of one NX-size core boring (2C-1) drilled in June 1963.

Because of the low percentage of core recovered in this boring, two

additional borings were drilled in October 1963. Boring 6C-2 was stepped

down from - 2C-1 on the right abutment to permit investigation of.a

full abutment section. Respective depths for these borings were 124.3

feet and 82.0 feet. Boring 8A2C-3 was drilled in the creek valley to

a depth of 42.0 feet to explore the nature of the alluvium and the

condition of the underlying bedrock. All of the borings were pressure

tested. The graphic logs are shown on plate 21.

78. DAM SITE GEOLOGY AND FOUNDATION CONDITIONS.

a. General.- Subsurface investigations indicate that the

upper member of. the Glen Rose limestone comprises the foundation rock

for.the embankment and appurtenant structures. This stratrigraphic
sequence is also found along the valley walls and underlying valley

alluvium and is the only formation cropping out within the proposed

reservoir. Where investigated, the rock has been found to be broken

and highly weathered. The dam site was selected to permit the short-

est alignment possible, consistent with locating the reservoir within

Glen Rose limestone. This necessitated positioning the site a short

distance upstream from the Woodward Cave fault where the permeable
Edwards limestone is downfaulted into the creek valley.

b. Lithology.- The Glen Rose limestone at the dam site is

composed primarily of highly weathered and broken limestone and shale.

The limestone is.soft to hard, generally argillaceous and fossiliferous,

and sometimes nodular. The shale interbeds, varying in thickness from

a few inches to a few feet, are soft and often weathered to a clay.

The rock is characterized by numerous hairline fractures healed with

veinlets of calcite. In outcrop, the Glen Rose forms a gently sloping,

249



stair-step type topography which reflects the differential weather-
ing of the hard and soft layers within the formation.

c. Weathering.- Chemical weathering, primarily in the
form of solutioning, oxidation, and hydration, has extended itself
very deep into the foundation bedrock. Foundation drilling on the
right abutment and in the valley showed the rock to be weathered
throughout the intervals cored. Many of the shale and very marly
interbeds have been completely altered to a soft, gray clay and,
in general, the rock is highly broken, solutioned, and oxide
stained. Further evidence of the extensive weathering was indi-
cated by the continuous caving and the very poor core recovery,
especially during the drilling of the NX (3-inch dia.) size holes.
Core recovery in the 6-inch diameter hole was much better although
fractured conditions in some intervals also resulted in considerable
core loss.

d. Faulting.- The Woodward Cave fault, located approxi-
mately 0.8 mile below the dam site, is the only recognized fault
within a mile of the dam site. It is a normal, high-angle fault
with displacement of about 200 feet and downthrow to the south.
The trace of the fault is easily recognized because the Edwards is
in fault contact with the Glen Rose limestone. The approximate loca-
tion of the fault trace is shown on the aerial photograph attached to
plate 20. From the limited subsurface investigations it is impossible
to determine if faulting actually intersects the proposed dam axis.
Correlation between the borings was not possible because of the poor
core recovery and the highly weathered condition of the rock. How-
ever, it is assumed that there is some faulting in the area as the
rock is badly fractured, weathered, and is in close proximity to
the Balcones fault system.

e. Overburden.- The maximum thickness of the alluvial
overburden in the Seco Creek valley is unknown but, based on the sub-
surface information from boring 8A2C-3, it is believed to be in the
range of 16 to 18 feet. Boring 8A2C-3, located at station 50+90,
encountered 12.0 feet of sandy clay and clayey sand, overlying 3.8
feet of sand and gravel. A thin, spotty mantle of residual over-
burden, held in place by vegetation, occurs on the abutments. The
profile of the overburden at the dam axis is shown on plate 21.

f. Leakage.- Hydraulic pressure tests conducted in the
borings showed the bedrock at the site to be highly permeable. This
condition is not typical of the Glen Rose limestone tested at other
sites in the Edwards Plateau region, and suggests the effect of
structural disturbances in the dam site vicinity. Whereas the
majority of the valley borings at other sites have been "tight,"
the valley boring (8A2C-3) at this site recorded a take of 4.6 cfm
(pump capacity) at 5 psi for full depth. The left abutment borings,
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2C-1 and 6C-2, recorded takes exceeding 3.3 cfm in all intervals

tested except from 36.0 to 56.0 feet in boring 6C-2. The take in

this interval was insignificant. The cores from the borings showed
the rock to be highly broken and weathered, and the drilling water
return was generally lost at shallow depths.

g. Water table.- A ground-water level was not encountered
in the. investigational borings at the proposed site. Two existing.
water wells, located within a mile of the site (Glen Rose wells), are

reportedly 310 feet and 475 feet deep with static water levels at

188.3 and 158.3 feet deep, respectively. These water-level readings

were taken in March 1951, and October 1950 2/-

79. CONSTRUCTION MATERIALS.- From the present investigation it

is not believed that a sufficient quantity of alluvium is available

for an earthfill embankment, but the quantity may be adequate for
impervious core or blanket use. Material for a random rockfill embank-

ment is available from the Glen Rose outcrops within the immediate

vicinity. However, the physical condition of this rock is somewhat

questionable because of the clay content, and will require testing
before approval. It is believed that a better quality rock is avail-

able from the Edwards limestone, which has been downfaulted and exposed

in the creekbed approximately one-half mile south of the site, and

also from the cap rock in the general area. Approved sources of con-

crete aggregate are available from the general vicinity of San Antonio,

Texas. Local sources may be acceptable but have not been tested.

80. CONCLUSIONS AND RECOMMENDATIONS.- Based on the very limited

geological and hydrological investigations to date the following con-
clusions and recommendations are presented.

a. The suitability of the Glen Rose bedrock for a founda-

tion is questionable. The rock is badly broken and fractured, and has

been intensely weathered to great depths. Extensive foundation treat-
ment would be required.

b. A low-flow seepage investigation has shown that there

is leakage in the Glen Rose limestone above the dam site. The absence

of a ground-water table within the depths of the borings at the site

and the relatively high water takes in the pressure tests tend to
indicate that leakage may be excessive.

c. A sufficient quantity of materials for a random rockfill

type dam is available within a reasonable haul distance. Additional

investigation will be required to delineate specific areas and to

secure samples for testing.
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HONDO DAM SITE - HONDO CREEK

81. PHYSIOGRAPHY AND GENERAL GEOLOGY.- Hondo Dam site is located
approximately 17 miles northwest of Hondo, Texas, in Medina County.
The site is situated in the Balcones fault zone near the southern por-
tion of the Edwards Plateau section of the Great Plains physiographic
province. Relief in the site area features rolling hills, generally
capped with massive, steep bluffs of limestone.

82. The Glen Rose limestone, the oldest formation exposed in the
area, crops out in the creek valley and along the confining valley
walls., The formation is comprised of a soft to moderately hard, argil-
laceous limestone, including thin shale and clay interbeds. Fossil-
iferous zones are scattered throughout the section. The Walnut clay,
the lowest formation of the Fredericksburg group, conformably overlies
the Glen Rose. The Walnut clay is composed of a sandy, highly argil-
laceous limestone 4 to 12 feet thick and is very similar in appearance
to the underlying Glen Rose. The Comanche Peak formation overlies the
Walnut clay and consists of a nodular, argillaceous, light-gray, mas-
sive limestone ranging from 25 to L15 feet thick. The Edwards limestone,
the uppermost unit of the Fredericksburg group, conformably overlies
the Comanche Peak. In the reservoir and dam site vicinity, the Edward.s
caps the hills and ridges with massive beds of gray, hard, brittle
lire stone. Chert and flint nodules and lenses are found at various
horizons throughout the formation.

83. STRUCTURAL GEOLOGY.- The Balcones fault zone is the prin-
cipal structural feature in the area. The related faulting has developed
a prominent escarpment that extends east-west across Medina County,
marking the surface expression of a fault or series of faults with as
much as 200 feet of displacement. The U. S. Geological Survey 9/
reports that the displacements on individual faults in the county vary
up to 700 feet and are traceable for a distance of 35 miles. The
Woodward Cave fault is the nearest major traceable fault to the site.
The fault enters Medina County from Uvalde County, intersects Seco
and Spring Creeks, and thereafter appears to split into two branches
which continue for approximately eight miles to the east. The south-
ernmost branch of the fault, located about one mile below the proposed
dam axis, provides a fault contact between the Glen Rose and the over-
lying Edwards and Comanche Peak. It is believed that displacement
along this fault is approximately 80 feet. Water in Hondo Creek gen-
erally ceases to flow once it crosses the fault zone onto the outcrops
of the downthrown Edwards limestone. The northern branch of the
Woodward Cave fault is normal, downthrown to the south, and cuts the
proposed reservoir approximately 0.8 mile above the dam axis. The
surface expression along this fault is more difficult to trace because
only the Glen Rose formation is exposed. The regional dip of the for-
mations is very gentle, and toward the south. A considerable increase
in the dip occurs near large faults.
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84. RESERVOIR LEAKAGE.- The reservoir would be founded entirely
within the Glen Rose limestone, an argillaceous limestone generally
believed capable of storing water without appreciable losses. Founda-
tion drilling at the site has shown the Glen Rose limestone to be
relatively impermeable except for a relatively thin weathered zone
that occurs in its upper limits. Faulting is known to exist in the
proposed reservoir area, and one large fault, the Woodward Cave fault,
has been located cutting the reservoir approximately 0.8 mile above
the dam site. There is no evidence of leakage into this fault zone.
Bulletin 5807D, Channel Gain and Loss Investigations, Texas Streams,
1918-1958, would tend to support this conclusion. From April 5 to 7,
1958, a low-flow investigation was conducted on Hondo Creek from the
headwaters in Bandera County, approximately 6 miles above Tarpley,
to U. S. Highway 90. The area of investigation was divided into
three sub-reaches. Sub-reach 1 is an interval of Hondo Creek 12.2
miles long, contained entirely on the Glen Rose formation and extend-
ing from the headwaters to a short distance downstream from the pro-
posed dam site. The report on the investigation states, "No losses
were found in this reach and the flow increased from 7.1 cfs to 58.8
cfs." Many springs and seeps were noted within this sub-reach. Below
the dam site, where Hondo Creek crosses the lower branch of the
Woodward Cave fault, the Edwards is faulted down against the Glen
Rose, Investigation for the next 11.9 miles showed a streamflow loss
of approximately 50 percent. During the dry seasons there is little
or no flow below the faulted Edwards-Glen Rose contact. This is
believed to be a result of streamflow into the Edwards limestone, a
highly cavernous limestone and prolific water bearer.

85. INVESTIGATIONS.- Investigations were conducted at the dam
site in June 1963. Four NX-size core borings were drilled along the
dam and spillway-dike axes to explore foundation conditions. Borings
2C-2 and 2C-4, located on the abutments, were drilled to 142.5 and
131.0 feet, respectively; boring 8A2C-3, located in the valley section,
was drilled to 56.0 feet; and boring 8A2C-l, located on the spillway-
dike axis, was drilled to 61.9 feet. The borings were used to deter-
mine the depth of overburden, character of bedrock, and were
hydraulically pressure tested to determine the relative permeability
of the bedrock. The location of the borings is shown on plate 22,
and the geologic logs are shown on plate 24.

86. DAM SITE GEOLOGY AND FOUNDATION CONDITIONS.

a. General.- The Glen Rose limestone comprises the founda-
tion for the proposed dam site. The overlying Walnut clay, Comanche
peak limestone, and Edwards limestone are exposed in the vicinity,
but the outcrops are above the maximum pool level of the proposed
reservoir.
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b. Lithology.- The Glen Rose limestone at the dam site is

a soft to moderately hard, tan to dark-gray, fossiliferous, argilla-

ceous limestone including shale and clay interbeds and stylolites.

The limestone often has a "salt and pepper" appearance, due to con-
centrations of fossil fragments, and is generally thin to medium
bedded. Occasional beds containing pinpoint porosity, solution
cavities, and caliche-lined vugs are encountered.

c. Weathering.- Oxidation and hydration, the two primary
types of weathering found at the proposed dam site, were evident in
both abutment borings and for the first 4.0 feet drilled in the
spillway-dike boring. Boring 2C-2, located on the steep. right abut-

ment, exhibited a moderate degree of weathering to a depth of 42
feet. Below 42 feet the weathering was relatively insignificant,
consisting chiefly of thin intervals of oxidation stains on fracture
surfaces and bedding planes. The rock encountered in boring 2C-4,

located on the left abutment, was weathered (primarily oxidation)
to a depth of 34.4 feet. The limestone is tan to yellow and gen-

erally highly broken and fractured. Lack of deep weathering in the
creek valley can be attributed to the fact that the highly weathered
rock has been removed by stream action.

d. Faulting.- Core borings did not reveal any physical

evidence of faulting between the abutments at the Hondo Dam site.

Boring 2C-2, located on the right abutment, showed 42 feet of lime-
stone that appears very similar to the Walnut and Comanche Peak for-
mations and, if classified as such, would indicate some displacement.
From present investigations, however, there is insufficient evidence
to place a contact at this location. Faulting of considerable magni-
tude (see Structural Geology) does exist in the area, and it would be

reasonable to assume that some minor faults will be discovered with
more detailed investigations.

e. Overburden.- Boring 8A2C-3, located at station 25+52

on the dam axis, encountered 17.5 feet of alluvium overlying bedrock.
From ground surface to a depth of 10.5 feet, the alluvium consists of
a sandy clay and clayey sand underlaid by 7.0 feet of sand and gravel.

A hardpan layer caps the bedrock from 16.3 to 17.5. Boring 8A2C-l,
located at station 17+00 on the spillway-dike centerline, encountered
2.2 feet of firm, dry, dark-brown clay overlying 10.9 feet of clay,
sand, and gravel. Limestone boulders up to 2.0 feet in diameter were
encountered near the base of the overburden. Although no overburden
is shown on the abutments, there may be a thin residual layer held in

place by vegetation. Plate 23 shows the inferred horizontal and

vertical extent of the overburden.

f. Leakage.- Hydraulic pressure tests conducted in the

four core borings at the site revealed the bedrock to be relatively
impermeable except for the upper weathered zone (15-42 feet thick)

in the abutment areas. The valley borings on the dam and spillway-

dike axes indicated only minor weathering and took no water with gage

pressures up to 35 psi.. Abutment boring 2C-2 was essentially tight
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except for an interval between 22.5 to 42.5 feet where a take of 4.8
cfm at 20 psi was recorded. An interval between 102.5 to 122.5 feet
also recorded a loss, but packer leakage may have occurred during the
test. Boring 2C-4, located on the left abutment, recorded its largest
take between the depth of 7.7 to 24.5 feet. In this interval the 'bed-
rock accepted 1.7 cfm of water at 8 psi gage pressure. Pressure test
results and the intervals tested are shown on plate 24.

g. Water table.- The ground-water level was not determined
at the time of drilling, but measurement on December 11, 1963, recorded
water levels at elevation 1190 in boring 2C-2 and elevation 1257 in
boring 2C-4. No explanation is available for the difference in the
water levels between the two abutment borings, and additional inves-
tigation will be required.

87. CONSTRUCTION MATERIALS.- Preliminary field investigations
indicate that flood-plain alluvium, suitable for an impervious core,
may be available in the broad flood plain contiguous to and upstream
from the dam site. Boring 8A2C-3, located along the proposed dam axis
in the valley, encountered 10.5 feet of sandy clay and clayey sand.
Scattered deposits of sand and gravel are also available for use as
free-draining material. Laboratory testing of these materials has not
been conducted, and more. exploration will be required to determine
the quantity and quality of the materials. An acceptable source of
sand and gravel for concrete aggregate is available from the general
area of San Antonio, Texas. Riprap or rockfill material is available
from the Glen Rose or Edwards limestones. Use of the Glen Rose lime-
stone may require some selective quarrying.

88. CONCLUSIONS AND RECOMMENDATIONS.- On the basis of the inves-
tigations completed at the site, the following conclusions are presented:

a. The bedrock is suitable for the proposed structure. Some
slaking of the shaly zones in the Glen Rose may be anticipated, but it
is not expected to present a construction problem. Hydraulic pressure
tests revealed a leakage condition in boring 2C-2, right abutment, from
22.5 to 42.5.feet and more exploration will be required in this area.
Some faulting may be revealed with more detailed investigations. Founda-
tion treatment will be required.

b. The proposed reservoir will be confined entirely within
the Glen Rose limestone, an earthy limestone believed capable of con-
taining water. A fault cuts the reservoir about 0.8 mile above the
proposed axis, and additional investigations will be required to deter-
mine its leakage characteristics.

c. Earthen materials for the embankment may be scarce.
Detailed investigations in the flood plain are needed to evaluate
the quality and quantity of available materials. Ample quantities
of the Glen Rose or Edwards limestone can be quarried locally for
use as rockfill.
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B.2 CA V DAM SITE - CIBOLO CREEK

89. PHYSIOGRAPHY AND GENERAL GEOLOGY .- Bat Cave Dam site is
located on Cibolo Creek approximately 6 miles northwest of Bracken,
Texas. Cibolo Creek, which marks the boundary between Bexar and

Comal Counties, is an intermittent stream flowing in a southeasterly
direction to its confluence with the San Antonio River in north-

western Karnes County. The dam site is situated within the Balcones
fault zone southeast of the Hidden Valley and Bear Creek faults and
northwest of the Bat Cave and Hueco faults. Topography along the
creek is characterized by relatively steep, near vertical bluffs,

and at the right abutment of the dam site, exhibits a near vertical
120-foot exposure of parts of the Lower Cretaceous Glen Rose, Comanche
Peak, and Edwards limestone formations. The Glen Rose crops out in
the streambed and along the lower part of the valley walls; the

Comanche Peak crops out in the canyon walls and on the steep hill
sides; and the Edwards caps the higher hills as a massive resistant

limestone. The Walnut clay, which overlies the Glen Rose, was not

identified at the site. The areal geology is shown on plate 25.

90. STRUCTURAL GEOLOGY.- The area comprising the proposed dam
site and reservoir is situated in a zone of intense faulting related

to the movements in the Balcones fault system. The U. S. Geological

Survey 6/ reports that in Comal County the Balcones fault zone
includes seven normal, high angle faults, downthrown to the southeast.
The faults trend from S450W to S60 W and are traceable across most of
Comal County. The location of the dam site with respect to the faults

is shown on plate 25. Within the area of the Bat Cave fault, the
upper member of the Glen Rose limestone has been faulted into contact

with the Edwards formation. It is estimated that the maximum
displacement along the fault is 300 feet. 6/ Displacements along the

Bear Creek fault and the Hidden Valley fault are unknown but are
believed to be less than that of the Bat Cave fault. Geologic mapping

by U. S. Geologic Survey revealed the presence of many minor shears

or faults in the immediate area. Approximately 1/2 mile downstream

from the proposed dam axis, a faulted zone, comprised of two closely
spaced parallel faults, was noted to displace about 65 feet of the
section. It was also determined that approximately 2.4 miles of the

river channel, located in the upper reaches of the reservoir between

elevation 920 and 940, have been affected by faulting. Displacements
within this interval are believed. to be approximately 200 feet. The

direction of stratigraphic throw for the referenced faults has been

predominantly to the south. The regional formational dip is south-

eastward. Locally, however, the attitude of the beds is very close
to horizontal. Field inspection of the faulting has generally
shown an abundance of badly broken, jointed, fractured, and folded

rock adjacent to and parallel to the fault planes.

91. RESERVOIR LEAKAGE.- The location for the proposed dam
and reservoir site was selected after a search of existing literature
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showed stream losses to be relatively minor between the Bulverde

gaging station, located approximately 14.5 river miles upstream from

the dam site, and the Bracken gaging station, located at the dam

site. However, subsequent detailed geologic mapping and foundation

drilling have inferred several potential leakage areas within this

interval. For example, drilling at the dam site has indicated

faulting, jointing, and solutioning which could furnish avenues of

leakage, and water-table checks have shown that the elevation of the

water table is below the channel of the creek. The low water table

and high permeability of portions of the channel undoubtedly account

for the several dry stretches in the creek. The few relatively

permanent pools of water are usually spring fed, and situated on

massive, unfractured, and impermeable bedrock. Proof of relatively
large water losses is established by the fact that immediately after

heavy rains, local landowners have observed rapid underground

drainage of the rain fed pools. Springs and caves are numerous in

the area. Most of the springs in the reservoir issue from joints

or fractures in the upper member of the Glen Rose limestone and
flow less than 5 gpm. The source of the springs is believed to be
the honeycombed Edwards limestone that caps the hills. After heavy

rainfall the water absorbed by the porous Edwards percolates downward
into the Upper Glen Rose and vents through available openings. Two

large caves, Bat Cave and Natural Bridge Cavern, are located in the
immediate area. Both caves have their entrances in the Edwards
formation and extend down into the Upper Glen Rose. Bat Cave,
located in grid 62-84 (see plate 25), although not extensively

mapped, contains at least one room approximately 150 feet deep
(base elevation 890). Natural Bridge Cavern, which has its entrance

in grid 63-84, is under development as a commercial cavern. Reports

from the developers indicate the cavern is as much as 270 feet deep
(base elevation 730), and extends 5,300 feet in a N10W direction

(magnetic). If these reports are correct, the northernmost end of
the cave is about 750 feet south of Cibolo Creek and about 170 feet

lower in elevation than the creek channel. Backing water into the
Cibolo Creek valley could possibly flood the Natural Bridge Cavern.

Several other small caves and sinkholes were noted during the mapping
of the reservoir.

92. INVESTIGATIONS.- In June, 1963, three NX-size core borings

were drilled along the alignment for the proposed dam. Borings 2C-1
and 2C-3, located on the left and right abutments, respectively, were
drilled to investigate foundation conditions, leakage potential, and
stratigraphic contacts. Boring 2C-2, located in the valley, was

drilled to a depth of 50 feet through the alluvium and into the
underlying bedrock. All of the borings, shown in summary form on
plate 27, were pressure tested.
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93. In addition to the foundation exploration at the dam site,
a geologic map of the reservoir area was prepared by the U. S.

Geological Survey in cooperation with the Corps of Engineers. The
reservoir was mapped to determine the leakage characteristics of
the formations comprising the reservoir.

94. DAM SITE GEOLOGY AND FOUNDATION CONDITIONS.

a. General.- The many wide meanders and broad terraces
formed by Cibolo Creek suggest that the creek has reached a
geologically mature stage and has been subjected to several cycles
of erosion since early Pleistocene time. Many caves and sinkholes

have undoubtedly been formed by the solution action of meteoric water,

and it is probable that they offer an underground escape route for

the intermittent flow of Cibolo Creek.

b. Lithology.- Lower Cretaceous Glen Rose limestone of

the Trinity group and the Comanche Peak and Edwards formations
of the Fredericksburg group crop out in the vicinity of the dam

site. The Glen Rose (60 to 75 feet exposed at the site) occurs in

the valley and along the valley walls. The formation is composed

of a soft to moderately hard, argillaceous limestone. The rock is

light tan to light brown and contains thin seams of yellow to gray
clay. Many of the beds are fossiliferous, featuring the pelecypod
Exoyra texana and casts of large molluscs commonly called "ox

hearts." Occasional zones of pinpoint porosity and small solution
cavities occur in the Glen Rose. The overlying Comanche Peak is about
65 feet thick (from a measured section on the left bank of the creek
0.2 miles downstream from the site) and is composed chiefly of massive,
sometimes argillaceous, limestone. The lower half of the formation

consists predominantly of a tan to light-tan, fine to coarsely

crystalline, massive, bluff-forming limestone. The upper half of the
formation consists of a nodular, argillaceous limestone that is

generally a slope former. The rock is distinguished from the over-

lying Edwards by its nodular appearance and many calcite segregations

and veinlets. The Edwards consists primarily of a hard, massive,
extensively honeycombed and pitted limestone. The most distinguish-

ing characteristics of the rock are the flint and chert nodules

scattered throughout the formation. Approximately 140 feet of

Edwards limestone cap the hills and ridges at the dam site. The

bases of the formation is at approximate elevation 995-

c. Weathering.- The abutment borings at the dam site

indicate that the rock is weathered over the entire interval cored.

Cores taken from boring 2C-2 in the valley showed weathering effects

to a depth of 35 feet. Chemical weathering in the forms of oxidation,

solutioning, and hydration, is most prominent in the rock. This

weathering was more evident in the Edwards and Comanche Peak formations

than in the Glen Rose formation.
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d. Faulting.- The proposed Bat Cave Dam site is located
in an area of intense faulting and may possibly include minor
faulting contiguous to or intersecting the proposed alignment.
Geologic contacts, determined from the abutment core holes, showed
the Comanche Peak-Glen Rose contact at elevation 912.5 in the right
abutment and elevation 931 in the left abutment. Geologic surface
mapping showed these respective contacts at approximately elevation
930. The slight discrepancy in elevation of these contacts indicates
that small displacement may occur between the abutments but is not
indicative of major structural disturbance.

e. Overburden.- The valley configuration at the proposed
dam site is relatively narrow and does not include deep alluvial
deposits. Boring 2C-2 encountered only 4 feet of gravelly clay
overlying bedrock on the left bank of the creek,' and a thin, spotty
mantle of residual soil has been noted on the left abutment. With
these exceptions the area is essentially void of cover (see plate 26).

f. Leakage . The results of hydraulic pressure testing
indicate potential leakage conditions in left abutment boring 2C-1
and right abutment boring 2C-3. Valley boring 2C-2 was relatively
tight throughout. Boring 2C-l encountered leakage conditions from
depths of 9.0 to 31.3 feet and from depths of 41.4 to 61.1 feet.
Remaining intervals of the hole were relatively tight. The interval
from the ground surface to 9 feet was not tested. Boring 2C-3
encountered leakage conditions from depths of 12.5 to 42-5 feet
and 63.0 to 83.0 feet. Water losses from 4295 feet to 63.0 feet
were insignificant and the interval from the ground surface to
12.5 feet was not tested. Pressure test data are shown on plate
27.

g. Water table.- Borings on the abutments did not
encounter a ground-water level. However, a ground-water level was
established in valley boring 2C-2 at a depth of 33 feet, elevation
833.5. Based on the above information, it appears that the water
table along the proposed dam axis is depressed below the base level
of the stream approximately 32 feet.

95. CONSTRUCTION MATERIAL.- Subsurface investigations at
the dam site do not indicate an adequate source of material for
construction of an earthen embankment. However, approximately 4
air miles upstream, the Cibolo valley widens and appears to include
a relatively large alluvial flood-plain deposit. Free draining
and impervious core materials are believed available from this area.
Material suitable for construction of a rockfill embankment can be
obtained locally from the Edwards limestone. Some selective quarry-
ing and screening may be necessary, but for the most part the rock
is sound and durable. Gravel for concrete aggregate is available from
several commercial sources in the area of San Antonio, Texas.
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96. CONCLUSIONS AND RECOMMENDATIONS.- Preliminary
geologic investigations indicate the foundation conditions at the
dam site are adequate to support the proposed structure. However,
obvious leakage conditions at the site, as well as throughout the
course of the Cibolo Creek, preclude the development of a permanent
storage reservoir. In the event excessive leakage can be tolerated,
as in the case of projects for flood control or recharge, the
proposed site would be both topographically and structurally
suitable.
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CO FORT DAM SITE - GUADALUPE RIVER

97. PHYSIOGRAPHY AD GENERAL GEOLOGY . - Comfort Dam site is
located on the Guadalupe River in Kerr County, approximately 2 miles
west of the Kerr-Kendall County line and approximately 3 miles west
of Comfort, Texas. The site is situated on the Edwards Plateau
section of the Great Plains physiographic province. Although the
topography of the general area is quite rugged, the relief contiguous
to and including the reservoir is more subdued, exhibiting a broad
river valley with relatively gentle valley slopes.

98o The Glen Rose limestone of the Trinity group is the only
formation outcropping in the proposed reservoir. The formation has
been arbitrarily divided into an upper and lower member with the
division placed at the top of a prominent fossil zone known as the
Salenia texana zone0  This fossil zone generally underlies a very
thin resistant limestone ledge, containing large numbers of Corbula,
which is in turn overlain by an evaporate bed. At the dam site the
contact between the upper and lower members is at approximately
elevation 1418, or about riverbed level. Because of this stratigraphic
position, 4 dam constructed at the presently proposed site would, in
all probability, create a reservoir confined entirely in the upper
member of the Glen Rose limestone.

99. STRUCTURAL GEOLOGY 0 Preliminary surface and subsurface
investigations have not revealed any structural anomalies in the
immediate area of the proposed dam and reservoir site, and at this
stage of investigation, it is believed the site is located outside of
the influence of the Balcones fault system. Correlation of a gypsum
zone encountered in both abutment borings suggests that, at least
locally, the strata dip approximately 10 feet per mile in a southerly
direction.

l00 o RESERVOIR LEAKAGE . - A dam constructed on the Guadalupe
River at the selected location would permit a reservoir to be
confined in the upper member of the Glen Rose limestone. Experience,
records, and subsurface investigations have generally found the
Glen Rose to be relatively impervious0  However, investigations to
date have not been sufficiently detailed to assume that minor seepage
will not occur, and before a full report can be made, additional
studies will be required.

101 INVESTIGATIONS. In April of 1963, four NX-size core
borings and two eight-inch auger borings were drilled at the proposed
dam site. Core borings 2C-l and 2C-3, completed to the respective
depths of 205 and 200 feet, were abutment borings designed primarily
to evaluate the foundation conditions at each respective location.
Boring 8A2C-2, located on the right bank of the Guadalupe River and
drilled to a depth of 6206 feet, investigated the valley alluvium and
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bedrock characteristics. Boring 2C-4, located in a shallow valley
north of the left abutment, was drilled to a depth of 103 feet to
determine bedrock conditions at a proposed spillway site. The
spillway site was subsequently moved to the right abutment. All of
the core borings were hydraulically pressure tested0

102o DAM SITE GEOLOGY AND FOUNDATION CONDITIONS.

a0  Generale The upper member of the Glen Rose limestone
will, for the most part, comprise the bedrock for the embankment0
The only exception will be in the core trench crossing the valley,
where the lower member of the Glen Rose will be exposed. As
illustrated on plate 28, the base of the gypsum bed, which consti-
tutes the boundary between the upper and lower members, varies from
elevation 1413 to elevation 1436. Stream erosion by the Guadalupe
River has removed the gypsum bed and a portion of the Lower Glen
Rose in the river valley0  Foundation drilling and pressure testing
to date indicate that both the upper and lower members of the formal
tion are equally suitable foundation rock for the proposed structures0
The spillway excavations in the right abutment will be founded on the
argillaceous limestones, marls, and shale beds of the Upper glen
Rose limestone.

b. Lithology.0  The lower member of the Glen Rose lime-
stone is a light-to dark-gray, moderately hard, generally fossil-
iferous, occasionally vuggy, thin- to medium-.bedded limestone,
including shale partings, sandstone beds, and sandy phases. The
often referred to fossil, Salenia texana, was not identified in
the cores. However, a fossil tentatively identified as Corbula
was found scattered throughout the cores for the first few feet
underlying the gypsum bed. The upper member of the Glen Rose forma-
tion is an argillaceous, soft to moderately hard limestone, with
numerous calcareous shale interbeds0 Many of the beds are extremely
fossiliferous (primarily micro-fossils), and contain small vugs or pine
point porosity. Occasionally a thin, calcareous sandstone bed is
encountered, as well as beds of arenaceous limestone. The rock is
light to dark gray when fresh and tan when weathered. Based on the
limited field work at the site, the thickness of the upper member
is about 370 feet, with the top of the Glen Rose placed at approxi-
mately elevation 1780 (the contact identified by an overlying fossil
zone that is traceable throughout the area).

c. Weathering.- The bedrock at the site is not
extensively weathered0 Boring 2C-1, located on the right abutment,
exhibits weathering (primarily oxidation) to a depth of approximately
22 feet. Minor staining on the fracture surfaces was noted to a
depth of 4602 feet0  Although the top of rock was placed at 124 feet
in this boring, the material from the surface to 12.4 feet has rock-
like structure and is probably a reworked or highly weathered shale
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or marl. The cores from boring 2C-3, located on the left abutment,
exhibited slight weathering effects to a depth of 56 feet 0 The
rock is moderately to highly weathered, with both the effects of
hydration and oxidation noticeable, to a depth of 23-3 feet0o Below
this depth the weathering is negligible, consisting chiefly of
fracture staining, Boring 8A2C-2, located on the right bank of the
river, showed the bedrock underlying the valley alluvium to be
essentially unweathered 0

d, Vaulting - Correlation of the bedrock between the
abutments did not reveal any evidence of faulting. This conclusion
is based, however, on very limited exploration, and more detailed
work may reveal minor structural anomalies in the site area.

e. Overburden,,- Overburden in the Guadalupe River valley
was explored with three borings. Boring 8A2C-2 encountered 98 feet
of sandy clay and broken limestone fragments overlying 23.2 feet of
clayey sand and gravel. Two additional borings, 8A-5 and 8A-69
encountered boulders (auger refusal) at depths of 178 and 15-0
feet, respectively, Sandy clay and gravels comprised the greater
portion of the overlying alluvium. These shallow auger borings
probably did not reach the top of rock. Overburden on the abutment
areas is variable 0 Only a thin mantle of residual sandy clay covers
the left abutment, but the right abutment supports as much as 12.4 feet
of sandy, shaly clay (possibly reworked bedrock). The shaly clay is
gray to yellow, soft, calcareous, and includes scattered limestone
bands and traces of black carbon0  Plate 28 shows the inferred vertical
and horizontal extent of the overburden along the proposed dam axis 0

f leakagee - Hydraulic pressure testing at the dam site
was difficult to complete because of the drilling characteristics of
the bedrock. However, where the rock condition in the borings per-
mitted testing, the leakage was generally minor. Boring 2-'l, tested
in increments from 88.4 feet to 2050 feet (bottom of the hole),
recorded water takes varying from 0 cfm at 50 psi to 2.8 cfr at
0 psi. The 208 cfm take represents all accumulated leakage between
the interval from 154.0 to 205.0 feet. Only one water pressure test
was made in valley boring 8A2C-20 Results of this test recorded a
take of 1-3 cfm at 30 psi from 38-5 feet to 62.6 feet (bottom of the
hole). In boring 2C-3, where it was possible to test, the highest
take was 005 cfm at 60 psi from 15407 feet to 200 feet (bottom of
the hole). Boring 2C44, north of the left abutment, initially
intended as a spillway exploration boring, was tight. Conclusions
concerning the permeability of the bedrock at the dam site are not
easily resolved from the very limited investigations0 However, based
on the work completed to date, it appears that the right abutment is
more pervious than the left, and that grouting would be required0
Pressure test results are shown on plate 29.
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g. Water table.- The ground-water level at the dam site
was located in boring 2C-3 (left abutment) and boring 2C-4 (north
of left abutment) at depths of 84.0 feet and 51.0 feet, respectively.
The water level was not determined in the other borings.

103. CONSTRUCTION MATERIALS.- Materials suitable for an
earth ill embankment are available at the dam site from the alluvial
deposits included in the flood plain. Thirty-three feet of sand and
clay, including scattered gravels, were encountered in the valley
boring along the dam axis. Somewhat more shallow deposits of earth-
fill materials were found immediately upstream of the axis on the
left bank of the Guadalupe River. Laboratory tests have not been
performed on the materials to date, but indications are that the
material should be suitable for random compacted fill. Preliminary
investigations do not indicate that local deposits of sand and gravel
are suitable for concrete aggregate,. The nearest commercial sources
are located in the general area of San Antonio, Texas. Riprap for
slope protection can be quarried from the Edwards limestone that caps
the higher hills in the general area.

l04. CONCLUSIONS AND RECOMMENDATIONS.- The following conclu-
sions and recommendations are based on investigations completed to
date:

a. The proposed reservoir will be confined in the upper
member of the Glen Rose limestone. Minor surficial weathering has
been noted in the upper 20+ feet of the Glen Rose but the rock
appears to be structurally sound and relatively impervious.

b. Consideration should be given to protecting the
excavated shaly beds against drying, and any gypsum or gypsum beds
encountered in the foundations or core trench should be removed.
Where gypsum is exposed and excavation is not practicable, the bed
should be given the same protection as the shaly beds.

c. Although pressure testing revealed the rock to be
slightly permeable, it is not anticipated that leakage will be excessive.
Foundation treatment maybe required at the abutments and in the cutoff
trench.

d. A sufficient quantity of suitable material for an
earthfill embankment is probably available in the Guadalupe River
valley, within economical hauling distance of the site. Additional
investigations will be required before specific locations can be
delineated. Commercial sources of material for concrete aggregates are
available from the San Antonio area. Local sand and gravel deposits
may be suitable for use as free draining material. Riprap material for
slope protection is available from the Edwards limestone.
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CLOPTIN CROSSING DAM SITE - BLANCO RIVER

105. PHYSIOGRAPHY AND GENERAL GEOLOGY.- Cloptin Crossing Darn.

site is located on the Blanco River, approximately two miles south-

west of Wimberley, Texas. Physiographically, the site is located near

the eastern edge of the Edwards Plateau region and the western edge of

the Balcones fault zone. The fault zone forms the transition between

the rugged hill country of the Edwards Plateau and the flat Coastal
Plain area to the southeast.

106. The Travis Peak and Glen Rose formations of the Trinity

group, Lower Cretaceous age, are the only formations cropping out

within the dam site and reservoir areas. The Travis Peak is divided

into three members, the Sycamore, Cow Creek, and Hensell. The

Sycamore and Cow Creek members are not exposed in the project vicinity,

but the Hensell crops out in the Blanco River west of Wimberley (see

plate 30). In this area the Hensell exhibits 20 to 30 feet of fine-

grained sandstone or siltstone that grades downward into a variably

argillaceous limestone, followed by a crystalline limestone. The

limestones are characteristically olive gray, dense, and massive,

and are similar throughout the exposed intervals except for variations

in the weathering characteristics. The weathered surfaces of the

argillaceous limestone are generally quite rough and irregular,

whereas the lower crystalline limestone is generally quite smooth.

The total thickness of the Hensell member is reportedly 85 feet.

107. The Glen Rose limestone has been divided into upper and

lower members, with the division placed at the top of the Saleniatexana

zone. Both members crop out within the reservoir area but only the

upper member comprises the bedrock at the dam site. The basal por-

tion of the lower member, which thins rapidly toward the northwest,

is a massive limestone that contains numerous large oyster shells and

moundlike masses of corals,. The upper portion of the Lower Glen Rose

is composed of alternating beds of dolomitic limestone and argillaceous

or shaly limestones,. The Lower Glen Rose is approximately 200 feet

thick in the Blanco River valley, seven miles northwest of Wimberley,

and approximately 250 feet thick at Wimberley. The upper Glen Rose

limestone has a known thickness of 355.5 feet at the dam site and is

characterized by its "stairstep" topography which reflects differen-

tial weathering between the limestone and dolomite. Lithologically,

the upper member can be described as a hard, dense, fine-grained to

aphanitic limestone, including some dolomitic limestone, with thin

shale partings. The topographic ridges are generally the hard, dense

limestone and the slopes are generally the shaly phase.

108. The following composite geologic section, located near the

right abutment, was measured by the U. S. Geological Survey during the

reservoir and dam site mapping:
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Thickness
Descripon (Feet)

Section A-B

Comanche Peak limestone

Limestone, pale-orange, hard, micrycrystalline,

honeycombed------------------------------------ 3.8

Dolomitic limestone, limonitic color, soft,
deeply weathered, nodular appearance,. scattered
fossils--------------s---------------------- 10.2

Covered------------------------------------------ 3.5

Limestone, buff, medium-'bedded, partially
covered ---------------------------------------- 5.8

Limestone, very pale-orange, hard, microcrystalline,

1.2

Walnut clay

Covered slope with small limestone ledge in
middle, pale yellowish-orange, scattered
fossils---------------------------------------- 5.7

Debris covered slope containing abundant Exogyra-- 8.6

Glen Rose limestone
Upper -Mmber

Limestone, pale-orange, hard, medium-bedded,
cavernous---- - n---o--------------------------- 11.8

Limestone, pale-orange, crystalline, cavernous--- 1.8

Limestone, pale-orange, hard, massive, shaly
in lower part---------------------------------- 1.8

Covered ------------------------------------------ 5-0

Limestone, pale-orange, hard, brittle,
pitted and weathered---------- ----------- 3.0

Limestone, pale-orange, hard, microcrystalline,
shale partings, pitted, weathers medium-gray--- 1.8

Covered------------------------- 14.5
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Thickness

Description (Feet)

Dolomite, pale-orange to light-gray,

microcrystalline, thin-bedded, silty-------- 35

Dolomite, light-gray, aphanitic, medium-bedded

to massiveO----O---- -------- ---- _- 10.0

Limestone, grayish-orange, hard, crystalline,

massive, caliche covered in part----------- 28

Limestone, very pale-orange, hard, brittle,

scattered fossils, prominent ledge former----- 0.5

Limestone and dolomite, slope former, appears

silty, upper part thin-bedded and fissile,

remainder is massive -------------- ---- "-- 9.2

Limestone, massive, slope former,

partially covered.------------- - " 98

Limestone, very pale-orange, hard, massive,

prominent ledge former--- --------------- 0.5

Limestone, yellowish-gray, hard, aphanitic,

generally massive, pitted--2-- ---- 25

Limestone, yellowish-gray, loose rubble cover,

limonite staining------------------ 
0

Dolomite, yellowish-gray, aphanitic, massive,

vuggy, fossil ifersu--- -------- lO

Limestone, shaly, microcrystalline, thin-bedded- 0.5

Limestone, light-gray, scattered limonite

specks, microcrystalline, massive ------- - 75

Dolomitic limestone, medium-gray, soft,

limonite stained, vuggy----i----- 
----------- --- 1"2

Limestone, light-gray, fissile, slope former---- 005

Dolomitic limestone, ledge former, chunky------- 50

Limestone, brownish-tan, brittle, microcrystalline,

locally fissile, scattered limonite specks----- 5.5

Dolomite, medium-gray, breaks easily,

microcrystalline, pitted, ledge former--- ---- 1.8
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Thickness
Description (Feet)

Dolomite, light-gray, soft, limonitic stains
common, pitted, slope former, silty,
deeply weathered------------------------------- 6.7

Limestone, slightly dolomitic, thin shaly
interbeds, pale yellowish-gray, limonitic
stained, pitted-------- ----------------- 1.1

Limestone, very pale-orange, crystalline, hard,
weathers to fissile flakes--------------------- 1.7

Limestone, yellowish-brown, limonitic stained,
fine-grained, crystalline, silty--------------- 0.5

Limestone, pale-buff, soft to moderately hard,
locally thin and fissile, silty, slope
forer------ -- 1.0

1.0

Limestone, reddish-brown, microcrystalline,

slope former-------- - ----------- 2.7

Shale, soft, poorly exposed---------------------- 0.5

Dolomitic limestone, light olive-gray,
limonitic stained pits, silty, partings at
6" to 8" intervals-------- 3.5

Limestone, pale yellowish-tan, micrycrystalline,

massive, silty--------------------------------- 2.7

Limestone, buff, silty, slaggy, ledge former-- - 1.5

Covered--- ------ ------ 2.0

Limestone, yellowish-brown, hard, massive,
limonite specks, minutely crystalline---------- 1.0

Covered------------------------------------------ 2.0

*Limestone, very pale-orange, crystalline,

massive, weathers to whitish gray, pitted
and honeycombed, scattered limonitic specks---- 1.5

Limestone, very pale-orange, microcrystalline,
silty, breaks in 2 -to 3-inch layers,
weathers to buff------------ ------------ 3,5
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Thickness

Description (Feet)

Limestone, pale-buff to tan, silty,
ledge former-------------------------- 0.4

Limestone, pale-buff, massive, slope former,

weathers to medium gray, lower 2' shaly-------- 9.0

Covered--------------------------------------- 6.0

Limestone, pale-buff to yellowish-tan, scattered

fossils---------------------------------------- 3.5

Limestone, pale-brown, microcrystalline,

ledge former---;-------------------------------- 0.4

Section C-D

Section C-D was measured on the right abutment west of boring
2C-l.

*The equivalent of the top of the unit, noted by an asterisk in the

.above section, is identified as the top of the following section.

Thickness

Description (Feet)

Section C-D

Glen Rose limestone
Upper Member

*Limestone, pale yellowish-orange, hard,

upper surface slightly pitted------------------- 1.0

Limestone, yellowish-orange, hard,

shaly locally------------------------------- 
30-9

Limestone, yellowish-orange, silty, thick-bedded,

fossiliferous, nodular weathered surface------ 17.5

Limestone, pale-orange, hard, dense, slight

limonitic staining------ ----------------- 0.4

Limestone, highly argillaceous, highly.
fossiliferous, poorly exposed------------------ 9.1

Limestone, pale-orange, aphanitic to
fine grained, honeycombed, ledge former-------- 1.2
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Thickness
Description (Feet)

Covered -5----------------------------- 5

Limestone, poorly exposed, argillaceous,
fossiliferous--------------------- 6.5

Cored~ -------- - 15.5

The color terms used to describe the limestones conform to the
appropriate USGS color chart for rocks.

Summary of formations.:

Total Comanche Peak limestone measured ------ 24.5

Total Walnut clay measured ------------- 14.3

Total Glen Rose limestone measured---------- 206.0

Total section measured ------------ 244.8

109. The Fredericksburg group, represented by the Walnut clay,
Comanche Peak limestone and Edwards limestone, has been mapped as
one unit (see plate 31). The formations in this group do not crop
out within the reservoir area, but cap the hills in the vicinity
of the dam site. A generalized geologic section is shown on
plate 30.

110. STRUCTURAL GEOLOGY.- The area bedrock is essentially
horizontal except for local monoclinal flexures that result in
relatively high formational dips. Some low, reversed dips occur
locally in the upper limits of the reservoir. Principal jointing
trends show a conjugate joint system with the major set parallel
to the major faulting. Faulting in the vicinity of the reservoir and
dam site is common, featuring several normal faults with variable
displacements. The major faults strike N45 E with downthrow pre-
dominantly to the southeast. In many places the faulting is
represented by wide zones of fracturing and may include several
closely related or en echelon faults rather than a single dis-
placement. Topographic expression of faults in the Glen Rose is
almost non-existent and several faults have been mapped primarily
by their association with eroded or deepened sections in the river
channel. These surface scars have been developed by post-faulting
erosional processes. Detailed field mapping of the reservoir
eliminated or shortened several previously mapped faults by recogniz-
ing the formational deformations to be simple monoclinal flexures.
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111. The Wimberely fault, which cuts the left abutment of the

dam site, was previously mapped as one fault, extending from central

Hays County into Comal County (see plate 30). Detailed mapping at

the dam site determined that the fault zone consists of three near

vertical, parallel faults trending about N)46 0E. The displacement

of these faults could not be measured by field mapping but is probably

small. Surface evidence that would permit extention of the Wimberley

fault to the southwest into Comal County is also lacking. Contiguous

to and southwest of the Blanco River, the Tom Creek fault is

associated with a series of parallel faults. At least four of these

faults displace the upper and lower members of the Glen Rose lime-

stone. The northernmost fault, striking N460E and dipping 620SE,

has a vertical displacement of 5 to 10 feet. The next fault to the

southeast has the same general trend and displaces the Corbula bed

approximately 25 feet. The southernmost fault in the series is the

principal fault, but displacement could not be determined by field

mapping. A fourth fault, trending almost normal to the parallel

faults, intersects the principal fault near the Hays-Comal County

line. In this vicinity the bedrock near the river is warped into a

position whereby the dip (180 west) does not conform 
to the regional

southeast dip.

112. The Spring Branch fault system, located in the upper limits

of the proposed reservoir, has a total displacement of approximately

35 feet. However, the fault splits near the Blanco River 
and con-

tinues to the northeast as two separate faults. The northern segment

has displaced the Corbula bed outlier about 24 feet .. The southern

segment shows a vertical displacement of about 
10 feet in the north-

eastern bluff of the Blanco River.

113. Approximately one mile upstream from the Spring 
Branch

fault a small fault with about 8 feet of displacement cuts the west

bluff of the Blanco River. Upstream from this point the massive

beds of the Lower Glen Rose limestone become highly broken and

fractured and the formation dips approximately three degrees to the

southeast. No displacement is apparent in this area, but highly

weathered and oxidized fracture zones are common.

114. RESERVOIR LEAKAGE.- Seepage measurements on the Blanco

River do not show measurable net losses upstream of the Balcones

fault zone. If water losses occur in this interval, the water

apparently reappears as springflow before 
reaching the referenced.

fault zone. During the field mapping in late 1962 and early 1963 the

river was dry for approximately 1-1/4 miles above the "dry point

shown on plate 31. This dry stretch of channel exposes highly

fractured bedrock in both the riverbed and the confining bluffs.

Although alluvial deposits occur at higher elevations in the valley,

they do not appear to control seepage paths and any leakage would

necessarily be through the bedrock,. Small, apparently discontinuous

caves are also common in the area. One such cave occurs near the
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westward-trending fault .located above the Spring Branch fault. This
cave is confined in the lower member of the Glen Rose limestone and
follows a large fracture, trending N70 E, approximately 15 feet into
the face of the bluff. No displacement can be seen along the
fracture. Downstream from the "dry point," at approximately elevation
950, the river is fed by small springs issuing from the contact
between the Hensell member of the Travis Peak formation and the lower
member of the Glen Rose formation. Riverflow is re-established at
this point. According to local residents, the river has never stopped
flowing below the "dry point,," Additional subsurface information will
be required to resolve the effects a reservoir head will. impose on the
previously referenced dry stretch of the river channel. From present
investigations it is apparent that the riverflow reappears downstream,
but several hydraulic uncertainties remain concerning the controlling
gradients and flow paths.

115. Between the "dry point" and the dam site the Blanco River
flows over the Hensell member of the Travis Peak formation and the
upper and lower members of the Glen Rose formation. These formations
and members are considered as being relatively tight except for the
upper weathered and fractured zone and a basal limestone sequence in
the lower member of the Glen Rose. The basal limestone reportedly
supplies water for wells in the vicinity of Wimberley. Information
concerning the permeability characteristics of the referenced forma-
tions is available from the Texas Water Commission, Bulletin 6o04,
"Geology and Ground-Water Resources of Hays County, Texas," and from
Corps of Engineers drilling and hydraulic pressure testing at the
dam site0

116. Leakage through faults within or traversing the reservoir
is believed negligible as the faults are not considered avenues of
free flow. This conclusion was reached by Guyton and Rhoades in a
July 1955 report entitled "Proposed Canyon Reservoir, Guadalupe
River."16/

117. INVESTIGATIONS.- Initial investigations on the Blanco
River were made in 1940 by the U. S. Army Engineer District,
Galveston. Investigations consisted of several auger borings at
three dam sites located between river miles 20 and 24. Results are
compiled in a report entitled "Geology of the Proposed Dam Sites in
the Blanco River in the Vicinity of Wimberley, Texas, " dated June 26,
1940. Investigations at the proposed site were initiated in
December 1961, at which time six 2-inch diameter core borings were
drilled along the proposed dam axis and two wash borings were com-
pleted on the left river bank. Three additional 2-inch diameter core
borings were drilled in July 1962 to explore conditions at alternate
spillway sites north of the left abutment. Locations of borings are
shown on plate 31, and boring data are shown on plate 330
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118. A geologic surface map of the dam site and reservoir was

prepared by the U o . S d Geological Survey, through cooperative

agreement with the Corps of Engineers. The purpose of geologic

mapping was to determine the location of stratigraphic and structural
conditions that could be considered areas of potential leakage.

119. DAM SITE GEOLOGY AND FOUNDATION CONDITIONS.

a. General.- On the steep right abutment, rock outcrops

form typical "stairstep" topography reflecting erosion and. weather-

ing of hard and soft layers in the Glen Rose. In contrast, as shown

on plate 32 the left abutment features a very gentle slope with the

rock cropping out only intermittently. Both abutments support a

relatively heavy growth of shrubs and trees. Stratigraphically, the

site is located near the top of the Upper Glen Rose limestone, which

locally is about 400 feet thick. The Corbula bed was not encountered

in subsurface investigations at the dam site.

b. Litholoy . -The Upper Glen Rose consists of alternat-

ing beds of argillaceous and arenaceous limestones, shaly limestones,

and dolomite. The limestones are tan to gray, medium to thick bedded,

fossiliferous, and soft to moderately hard. The formation also con-

tains soft partings, clay and shale seams, and solution pits. A

sequence of gypsiferous marls and shales reportedly occurs about 200

feet above the Corbula bed but to date they have not been recognized

at the site.

c. Weatherin.- The limestone at the dam site has been

subjected to both mechanical and chemical weathering. Mechanical

weathering is exhibited only at shallow depths by the action of

tree roots separating and breaking the limestone. Chemical weather-

ing is represented by solution, oxidation, and hydration, with

subsequent clay coating and deposition on and within fractures. 
Core

borings reveal from 10 to 35 feet of moderately to highly weathered

limestone below the rock surface. Clay seams, solution pits and

clay-filled cavities are common and in some horizons the limestone

shows a pronounced pitted and honeycombed weathered surface. The

honeycombing does not appear to be laterally constant, and. may not

have sufficient lateral extent to cause serious leakage. The beds

displaying cavernous solutioning are generally hard, brittle, and

form pronounced ledges. The honeycombed cavities range in diameter

from 1/4-inch to 3 inches.

d. Faulting .- The limited investigations completed to

date have not revealed definite evidence of major faulting at the

dam site. However, field mapping did show evidence that a minor

fault cuts the left abutment and closer spaced borings may reveal
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nominal displacement in the area. Boring 2C-3, located at station
35+13, and boring 2C-4, located at station 45+00, showed slickensided
partings at elevation 888 and 930, respectively, suggesting some struc-
tural adjustments in the vicinity.

e. Overburden.- Two types of material comprise the over-
burden at the dam site. A thin, discontinuous mantle of residual clay
and broken limestone fragments covers the abutments, and a relatively
thick alluvial deposit of clayey sand and sandy clay covers the valley
section. The alluvium appears to reach a maximum depth of about 32
feet on the left bank of the river. The residual material is consid-
erably thinner, ranging in thickness from 0 to 5 feet. Rock outcrops
occur in the river channel.

f. Leakage.- Hydraulic pressure testing along the proposed
dam axis indicates that the foundation rock is relatively impervious.
Small water losses were recorded in the upper 15-20 feet (weathered
zone) of borings 2C-3, 2C-5, and 20-9; otherwise, losses were insig-
nificant. Depths of testing ranged from 50 feet in the valley section
to 85 feet in the deepest abutment boring. Hydraulic pressure test
data are shown on plate 33.

g. Water table.- Water-level readings were obtained from
seven of the eleven borings drilled at the dam site. Three borings,
20-9, 20-10, and 2C-11, located in the vicinity of the spillway saddle,
were cased through the overburden so that long-term readings could be
obtained. In July 1962, the water level was 36.5 feet in boring 2C-9.
In January 1963, the water level varied from 9.0 feet in 20-9 to 13.1
feet in 2C-10. Water-level readings taken in December 1961 in the
borings along the centerline showed the water table to be at depths
varying up to 27 feet (boring 2C-1). From the above information it
appears that the water table is tributary to the river, but is not
static, and fluctuates with the seasonal changes. Water-level readings
are shown on plate 32.

120. CONSTRUCTION MATERIALS.- The Blanco valley includes several
moderate-sized alluvial deposits of clay, silt, sand, and gravel (see
plate 31). In addition, scattered deposits composed chiefly of sand
and gravel occur along the riverbed and in the area where the river
emerges from the Edwards Plateau, near San Marcos, Texas. The local
deposits have not been evaluated, but deposits on the Blanco River,
approximately three miles from San Marcos, have been tested and are
considered suitable for concrete aggregate. Ample quantities of sand
and gravel for free draining materials are available in the site
vicinity.

121. The clayey alluvium included in the Blanco River valley is
believed suitable for use as impervious core or blanket material, but
it is doubtful if a sufficient quantity exists for construction of an

282



earthfill type embankment. Limestone suitable for rockfill material
may be quarried in unlimited amounts from the spillway excavation and
adjacent bedrock. This rock is a relatively hard, argillaceous, dolo-
mitic limestone that includes abundant shale partings and will be
suitable if provisions are made to waste the shaly material and objec-
tionable fines.

122. CONCLUSIONS AND RECOMMENDATIONS.- From the exploration
and geologic mapping completed to date, the following conclusions and
recommendations are presented:

a. The Glen Rose limestone, which comprises the bedrock
material at the site, is considered to be structurally sound. It is
not anticipated that instabilities from slaking will be significant
within the shaly limestone beds.

b. Based on hydraulic pressure tests along the dam axis,
leakage through the bedrock at the dam site will be very slight. How-
ever, some foundation treatment may be required.

c. The water table is tributary to the river and fluctuates
with the seasons. Some ground water may be encountered in deep exca-
vations, but it is not expected to present a serious construction
problem.

d. Geologic mapping in the reservoir and at the dam site
has not revealed any unusual leakage conditions. Seepage measure-
ments show that the water lost in the upper reservoir limits is
regained downstream before reaching the dam site. The Edwards and
associated limestones, prolific water-bearing formations throughout
the area, do not crop out within the limits of the maximum pool.

e. Structural information developed to date suggests that
leakage through the fault zones should be small. There is, however,
a noticeable increase in the base flow of the Blanco River where the
Spring Branch and Wimberley faults cross the river, and it is possible
That .a reservoir head could affect this condition to some extent.

f. A comparison of the Canyon Reservoir with the proposed

Cloptin Crossing Reservoir shows that essentially the same formations
underlie the reservoirs. A July 1955 report by Rhoades and Guyton 16/
concludes that there will be some reservoir leakage from the Canyon
Reservoir, but the amount will be moderate. The same conditions will

probably prevail at Cloptin Crossing.

g. It is recommended that pumping tests be performed at

selected locations in the upper limits of the reservoir to determine
the permeability and transmissibility of the lower member of the Glen
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Rose formation and the Travis Peak formation. This information is
believed necessary to evaluate reservoir leakage in the referenced
area.

h. A source of material for both free draining and imper-
vious core material can probably be obtained from scattered flood-
plain deposits along the Blanco River valley. The rock obtained from
the spillway excavation will be suitable for rockfill if provisions
are made for wasting the clay, shale, and objectionable fines.
Approved sources of concrete aggregate are available in the vicinity
of San Antonio, Texas.
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DAM NO. 7 - GUADALUPE RIVER

123. GENERAL.- The geology of Dam No. 7 has been investigated
both by geologic mapping and core boring exploration. The results of
these investigations can be found in the geology appendix of the
report by Forrest and Cotton, entitled "Proposed Guadalupe River Dams
No. 7 and No. 8," dated June 1963. The geology appendix was prepared
by Mason-Johnston and Associates of Dallas, Texas. The Corps of

Engineers did not conduct foundation studies at the site. The follow-
ing discussion is a review of the geology as presented in the above-
referenced report.

124. FOUNDATION CONDITIONS.- Dam No. 7 will be founded on the

Cow Creek and Hensell members of the Travis Peak formation and the lower
member of the Glen Rose formation. The Cow Creek and Hensell members

occur as inliers in the streambed while the lower member of the Glen

Rose forms the valley walls and caps the abutments. The members are
composed chiefly of limestone and dolomite and are considered adequate

to support the dam and its appurtenant structures. Grouting will be
required to prevent underseepage through the rock underlying the

embankment and spillway, but this should not present any major con-

struction problems. It is anticipated that the highest grout takes
will occur on the left abutment where joint planes are well developed
and solutioning has occurred. There are no known faults in the res-

ervoir or dam site vicinity.

125. RESERVOIR LEAKAGE.- To study leakage conditions in the
reservoir, Mason-Johnston investigated solution channels, underground

voids, water wells, caves, and springs in the area. During the course

of the study it was determined that the major joint trend (along which
most solutioning has occurred) consists of a conjugate system. The
major set strikes approximate N50*E, and the secondary set strikes

N40*W. Solutioning channels are best developed near the Guadalupe

River valley, and abundant open cavities were encountered during the

foundation drilling at the dam site, especially in the left abutment.
A large commercial cave, "Cave Without A Name," is outstanding evi-

dence that considerable solutioning has taken place in the reservoir.

126. Springflows in the area were noted at two principal levels;
a lower level emitting from the Glen Rose-Hensell contact, and an
upper level emitting from the thin fossiliferous limestone ledge com-
monly called the "Corbula Bed.' The uppermost springs are subject to
considerable flow changes, depending on the rainfall, while the lower

springs are perennial and apparently are not dependent on seasonal
rainfall.

127. While all of these factors will contribute to reservoir

leakage, Forrest & Cotton feels that they will be insignificant.

Evidently the ground-water level is approximately the same as
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and tributary to the ground-water level of the Guadalupe River. It is
also believed that, if leakage occurs from the Dam No. 7 reservoir, most
of the water would be recaptured before reaching Canyon Dam. Detailed
investigations will be required to determine the capability of the res-
servoir to contain water without appreciable losses, or that the water
would re-enter the Guadalupe River before reaching Canyon Dam.
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ABSTRACT

About 100 river, spring and well water samples from the
region of the Edwards Underground Reservoir, Texas, were analyzed
for tritium. No enrichment of the samples was performed before
analysis. The river samples ranged from 441 tritium units (T.U.)
to 118 T.U., the spring samples ranged from 275 T.U. to < 50-T.U.,
and the well samples from 103 T.U. to < 30 T.U. About three fourths
of the samples were collected in early August 1963 following a period
of low rain-fall and about one fourth in late October following a
fairly heavy rain. Not only the river samples, but also three deep
well samples recovered from depths of 715, 1300 and 1600 feet in
Medina County contained high tritium activities. The results of
this study are considered encouraging and more work is suggested.
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Introduction

It was the purpose of this study to suggest steps toward

achieving a better knowledge of the underground water flow in the

Edwards Reservoir, Texas. The U.S. Army Engineer District, Fort Worth,

is investigating effective means of accomplishing the recharge and

replenishment of the Edwards Underground Reservoir as a part of plans

for flood control and water conservation in the Nueces, San Antonio,

and Guadalupe river basins of Texas.

The Edwards Reservoir is the only source of water in the

San Antonio area. Hundreds of water wells have been drilled into

the Edwards and associated limestones, which comprise the storage

rock. In addition to withdrawals through wells, large volumes of

water flow from the Reservoir through several large springs, some

of which provide water for industrial use.

The lower(southern) boundary of the Edwards Underground

Reservoir is identified in Figure 1. The upper boundary is the

Balcones fault zone, which is located along the southernmost

boundary of the outcrop of the Edwards and associated limestones.

The fault zone is the area where the Edwards aquifer is recharged

from the streambeds. The springs discharging from the aquifer are

located near its southern and eastern boundaries.

The greatest recharge to the Edwards Reservoir is derived

from inflow from channels of the Nueces, San Antonio, Medina and

Sabinal rivers and their tributaries which cross the cavernous

limestones that constitute the surface rock over the Edwards

Reservoir. The flow in these streams varies significantly from
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season to season and from year to year, depending upon rainfall on

the Edwards Plateau to the north and west of the Reservoir. According

to information supplied by the Corps of Engineers, the construction

of surface reservoirs is intended, in order to curb seasonal high

runoff on some of the streams, thus smoothing the stream flow and

providing more uniform recharge of the Edwards Reservoir.

However, the directions and rates of water flow in the

reservoir are only incompletely known. Available data indicate a net

movement of water in the entire area toward the east and northeast.

Observation of water levels in a large number of wells support this

conclusion. However, considerable uncertainty remains concerning local

conditions in this extensive area. A better knowledge of rates and

directions of movement of water could pinpoint certain areas or

specific stream channels through which recharge would be particularly

effective with respect to the replenishment of water withdrawn by

the major consumer, the San Antonio area proper.

Tracer experiments can be very useful in studying

problems of this type. Among the many potential tracers for

water, the hydrogen isotope tritium stands out because of its

chemical identity with hydrogen, which is a constituent of the

water molecule. Naturally-produced tritium has always been

present in rain water to the extent of about 1 to 20 tritium

units (T.U.), that is one to twenty tritium atoms per 1018

hydrogen atoms. However, since the advent of atmospheric

nuclear testing, bomb-produced tritium has at times increased

the tritium activity levels of rain water to hundreds or even

thousands of tritium units. A discussion of bomb-produced tritium

in rain and ground water is given in the Appendix to this paper.
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In a preliminary study by Isotopes, Incorporated, it

was established that the stream waters in the San Antonio area

contain sufficient tritium to render them traceable. On the

other hand, analysis of one spring sample (Comal Springs)

yielded no detectable tritium activity, indicating that that

particular sample of water had been stored underground for a

considerable time and had not been mixed with recent recharge

water. At the outset of this study program, it was hoped that

natural tritium levels in some recharge waters of the Edwards

Underground Reservoir would be high enough to render them

traceable by tritium analyses. A calculation of natural

tritium levels in the Edwards underground reservoir was made,

assuming homogeneous mixing of all water at all times. The

data are presented in the Appendix, Table 5. The average

activity for all Edwards storage waters, if they were com-

pletely mixed, would be between 30 and 80 T.U., depending

on assumptions regarding the depth of the reservoir. Because

the annual rate of turnover is most likely on the order of

a few percent, water with activities of about 100 T.U. should

be present in the system, since in actuality complete mixing

does not occur.

It was decided that about 100 water samples should

be taken and analyzed. A sampling plan was set up, based on

a study of all the available literature on the subject. The

U.S. Army Engineer District, Fort Worth, in cooperation with the

U.S. Geological Survey, San Antonio, provided the samples re-

quested, and these were subsequently analyzed for tritium at

Isotopes, Inc.
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Results of the Analyses

The analytical results of the initial exploratory samples

are given in Table 1. Figure 2 serves as a general index map, in-

dicating the locations of six Texas counties with respect to the

city of San Antonio, the major water consumer. Also, the general

trend of the water table, and the relative contributions of springs

and wells to the total discharge are indicated. Table 2 lists all

the water samples received for analysis, together with pertinent

information and data. Table 3 contains a division of sample into

river and reservoir samples, spring samples, and well waters,

considering only well samples with measurable tritium levels. For

the exact location of all the wells, springs and water bodies,

reference may be made to Plate 12, Bulletin 5608, which is not

included in this report. According to the Corps of Engineers,

the stream samples were taken upstream from the fault zone.

To minimize the analytical costs, none of the samples

were subjected to tritium enrichment before analysis. An arbitrary

lower limit of 100 T.U. might be assumed for the detectability of

tritium in these unenriched samples, under the conditions of

analysis. Some of the counting data, however, indicated activities

as low as < 30 T.U., and these results are listed in Table 2. How-

ever, any activities of less than 100 T.U. are only tentative and

should be checked by further analyses. All of the river samples

were found to be measurable. A total of 15 river and reservoir

samples exhibited tritium activities between 118 T.U. and 441 T.U.
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Of the spring samples six had tritium activities ranging from

< 50 T.U. to 275 T.U., with three below 100 T.U. Of 75 well

samples, only 10 had measureable tritium activities. Three

well samples from Medina County had activity levels above

100 T.U. The activities of seven other well samples were de-

termined tentatively to be between 50 and 100 -T.U. The re-

maining 65 well samples had activities too low to be measured

without tritium enrichment by a factor of 10 to 100.

The 94 samples which are reported in Table 2 were

collected in two series. The first series was collected from

August 6 to August 9, 1963. The second series was collected

from October 30 to October 31, 1963.
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Table 1

Preliminary Water Samples for Tritium Analysis

From the Edwards Underground Reservoir, Texas

Spring 1963

Sample

Comal Springs~

Nueces River-

Medina River

Tritium Activity
(T.U.)

< 100

500

1190
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Table 2. Water Samples for Tritium Analysis from the Edwards Underground Reservoir, Texas, August and October 1963

Well
Depth

Description, Reference (feet)

Productive
Depth
(feet)

Water
Yield Temp.
(gpm) ( F)

Tritium
Sampling Units
Period ( 10%)

Kinney County
V-7 Las Moras Springs at Brackettville
X-5 drilled 1938
Y-3 drilled 1925, Bulletin 6216

514
435

Uvalde County
- Nueces River near Laguna -
- Nueces River at Laguna -
- Frio River near Concan
- Frio River at Concan
- Sabinal River near Utopia. Uvalde Lake. No water running in

Water standing several months.
- Sabinal River - only few gpm flow above fault zone. -
- Leona Springs near Uvalde -

G-6-10 N.W. of Uvalde , Bulletin 6212 100
H-4-64 W. Nueces River, Bulletin 6212 842
H-5-135"drilled 1941, Bulletin 6212 (Cased 100) 440
H-6-22 drilled 1953 drawdown 5' after 5 hr. pumping at 1,300

1300 gpm (Cased 890)
I-4-37 Sabinal City Well, 1919 Stat.1-230'(Cased 930) 1,493
I-4-37 drilled 1923, static level 232' 1,493
H-2-4 drilled 1894, pumped all day 190

n.d.
n.d.

5,000
2

n.d.

- 12,000
- 5,000

- 7,500

- 3,000
Sabinal River.

- 20

- 10,000,
n.d. 2
n.d. 2
n.d. 850
n.d. 900

n.d.
n.d.
n.d.

500 74
350 n.d.

1 n.d.

* listed as 1-5-132 on sample tag

Well
No.

Aug 63
Aug 63
Aug 63

<
75
81

n.d.

88
n.d.

88
n.d.

n.d.
87
77
78
74
84

150
100
100

186
237
289
260
162

147
275
100
100
100
100

Aug
Oct
Aug
Oct
Aug

Oct
Aug
Aug
Aug
Aug
Aug

63
63
63
63
63

63
63
63
63
63
63

<
<K
<K
<

Aug 63
Oct 63
Oct 63

< 30
< 30
< 30



Table 2. (Continued)

Well
Depth

Description, Reference (feet)

Productive
Depth
(feet)

Yield
(gpm)

Water
Temp.
( 0F)

Tritium
Sampling Units
Period (+10% )

Medina County
Seco Creek

- Hondo Creek
- Medina River below Medina Dam
- Medina Division Dam Lake

I-1-2* drilled 1944, Bulletin 5608

I-1-2* drilled 1932
1-4-12 drilled 1944, Bulletin 5608

I-5-80 static level - 204?

I-5-55 drilled 1926, Bulletin 5608

1-5-74 drilled 1958, max. yield 2,000 gpm
1-2-16 drilled 1918, Bulletin 5601
I-2-16 drilled 1918
1-3-43 drilled 1914, Bulletin 5608
1-3-117 drilled 1942, Bulletin 5601 (Cased 1285)
1-3-117 Hondo City Well, 1942
I-3-128a drilled 1957, stat.level-174 (Cased 1,320)

J-1-3 drilled 1957, Bulletin 5608

J-1-44 -
J-1-41 drilled 1929, stat.level-167

J-1-83 drilled 1948, Bulletin 5608

J-4-143 drilled 1955, stat. level-92

as listed on sample tag and on transmittal sheet

- 2,500

- 1,000

411
1, 303
1,289

2,000
2,260

400
400
237

1,510
1,510
1,654

260
195
641
715

2,765

n.d.
n.d.
n.d.

1,2~9

n.d.
n.d.
n.d.

140-237
n.d.

n.d.
n.d.
n.d.

58-641
700-715

2,256-2,765

Well
No.

CA

n.d.
n.d.
62

n.d.
72

n.d.
85
76

74
75
72

n.d.
73
75

n.d.
78

n.d.
n.d.
n.d.
75_
94

10
5

260

7-
900
10
10
10

1,100
800
800
10
3

n.d.
500
500

Oct
Oct
Aug
Oct
Aug
Oct
Aug
Aug

Aug
Aug
Aug
Oct
Aug
Aug
Oct
Aug
Aug
Aug
Aug
Aug
Aug

63
63
63
63
63
63
63
63

63
63
63
63
63
63
63
63
63
63
63
63
63

386
441
189
262
50

< 50
103

< 100

< 100
< 100
< 100
<100
< 100
< 30

< 30

101
< 50
< 50
< 50

101
< 50



Table 2 (Continued)

Well
Depth

Description, Reference (feet)

Productive

Depth
(feet)

Yield

(gpm)

Water

Temp.
(OF)

Tritium

Sampling Units
Period (+ 10%)

Atascosa County
- City of Lytle, stat. level-50', drilled 1955

Bexar County
D-1 static level-238'
D-12 -

o D-12 -
E-26 drilled 1908, deepened in 1954 to 387 ft.
F-169 drilled 1945
G-63 drilled 1953, stat. level-115
H-ll3 -
I-2
1-238
J-125
284
284
J-87
J-90
K-2
M-44

drilled
drilled
drilled
City of
City of
drilled
drilled
old well
drilled

1946, stat. level-165
1957
1949
San Antonio
San Antonio, drilled 1951
1954
1956, stat. level +231(1958)
L stat. level +53T
1955,

2, 379

1, 000
360
360
387
460
576

n.d.
235

1,199
1, 376
1,582
1,582
1,150
2,179

854
2,226

2,100-
2, 379

28(

10

200
886-1

1,182-1

1,750-2
810

1,980-2

650

n.d. 5

n.d. 10
)-360 5
n.d. 10
)-460 175
n.d. 25
n.d. 1,000
)-235 10
,199 400
, 376 1, 200
n.d. 2,000
n. d. 2,000
n.d. 1,100
?,179 700
)-854 20
?,220 10

101 Aug 63 < 100

n.d.
n.d.
71
75
73
78
76
71
74
80
82
82
80

110
89

105

Aug
Aug
Oct
Aug
Aug
Aug
Aug
Aug
Aug
Aug
Aug
Oct
Aug
Aug
Aug
Aug

63
63
63
63
63
63
63
63
63
63
63
63
63
63
63
63

< 100
< 50

74
< 100
< 50
< 50
< 50
< 50
< 30
< 30
< 50
< 30
< 50
< 50
< 50
< 60

Well
No.



Table 2 (Continued)

Well
Depth

Description, Reference (feet)

Productive
Depth
(feet)

Water
Yield Temp.
(gpm) (OF)

Tritium
Sampling Units
Period (+ 10%)

Guadalupe County
D-67 drilled 1896
D-18 drilled 1955, stat. level-136

D-56 drilled 1950

Comal County
F-50 drilled 1934
F-26 -
F-75 drilled 1953
G-84 drilled 1956
G-95 -
G-34 drilled 1901
G-32 drilled 1906
G-32 drilled 1906
G-50 Comal Spring
G-50 Cornal Spring
G-67 -
H-20 -
H-50 old

- Guadalupe Ri
- Guadalupe Ri

(cased 185')

s

s

565
370
602

375
251
210
272
400
140
190
190

502
300
290

n.d.
ver, 1st Crossing
ver, 1st Crossing

n.d.
300-370
436-602

10
15

500

n.d. 5
n.d. 3
n.d. 200
n.d. 3
n.d. 3
n.d. n.d.
n.d. 2
n.d. 3

- 67,500
- 67,500

n.d. 1.5
n.d. 0.5
n.d. 2

- n.d.
n.d. 12,000

Well
No.

Aug 63
Aug 63
Aug 63

75
76
79

74
73
73
78
82
78
73
71
75
75
74
74
74
88
68

< 80
67

< 40

56
< 50

60
< 50
<50
< 30
< 30
< 70

60
88

< 30
< 30

86
259
351

Aug
Aug
Aug
Aug
Aug
Aug
Aug
Oct
Aug
Oct
Aug
Aug
Aug
Aug
Oct

63
63
63
63
63
63
63
63
63
63
63
63
63
63
63



Table 2 (Continued)

Well
Depth

Description, Reference (feet)

Productive

Depth
(feet)

Water
Yield Temp.
(gpm) ( F)

Tritium

Sampling Units
Period (+ 10%)

Hays County

E-20 drilled 1945, Bulletin 6004
E-76 drilled 1954, Bulletin 6004, City of Buda
E-76 City of Buda
E-48 drilled 1943, Bulletin 6004
E-59 drilled 1943, Bulletin 6004
E-,59 drilled 1937

- Onion Creek near State 150
E-80 drilled 1950, stat. level-200
G-44 drilled 1946, Bulletin 6004

- Blanco River near Wimberley
- Blanco River near Wimberley
H-19 drilled 1949, Bulletin 6004
H-19 City of Kyle (1949)
H-25 drilled 1934, Bulletin 6004, sulphur smell
H-48 old, Bulletin 6004
H-76 drilled 1941
H-59 Goforth Springs, 1600 gpd for 12 years
H-66 San Marcos Springs
H-66 San Marcos Springs
K-5 drilled 1913, Bulletin 6004
H-84 drilled 1941, Bulletin 6004

320
390
n.d.
400
500
500

492
450

765
765
372
158
204

200
250

222-

300-

100-

n.d. 5
-390 -
n.d. 800
n.d. 1
n.d. 4
n.d. 10

- <10
n.d. 15
n.d. -

- 1,000
- ~ 1,000

-765 n.d.
n.d. 700
-372 n.d.
n.d. 3
n.d. 3

- 25

- n.d.
. 3,000

n.d. 3
n.d. 3

Well
No.

73

n.d.
73
73

n.d.
88
74
76
89

n.d.
76

n.d.
78
74
71
87
71

n.d.
73'
74

Aug
Aug
Oct
Aug
Aug
Oct
Aug
Aug
Aug
Aug
Oct

Aug
Oct
Aug
Aug
Aug
Aug
Aug
Oct
Aug
Aug

63
63
63
63
63
63
63
63
63
63
63
63
63
63
63
63
63
63
63

63
63

< 50
71

< 50
<100
< 50
< 50

243
< 50
< 50

118
124

< 50
< 50
< 50
< 50
< 50
177

z100
< 50
100
< 50



Table 3

Summary of Water Samples Containing Measurable Activity

Well Number County Description
Tritium Activity (T.U.)

Aug. 63 Oct 63

1. River and Reservoir Samples:

Nueces River
Frio River
Sabinal River
Medina River
Seco Creek
Hondo Creek
Guadalupe River
Onion Creek
Blanco River

2. Spring Samples:

Las Moras Springs
Leona Springs
Comal Springs
Goforth Springs
San Marcos Springs

3. Well Samples with Identifiable Activity:

" I-1-2
1-4-12
I-3-128a

J-1-8 3
D-12
D-18
F-50
F-75

H-50
E-76
H-84

Medina
11

It

It

Bexa~'
Guadalupe
Coma 1

t

t

Hays
It

411 feet deep
1303 feet deep
1654 feet deep,

cased 1320 feet
715 feet deep
360 feet deep
370 feet deep-
375 feet deep
210 feet deep,

cased 185 feet
290 feet deep
390 feet deep-
250 feet deep

313

Uvalde
I"

It

Medina
t

"?

Comal
Hays

it

186
289
162
189

259
243
118

237
260
147,
262
386
,441
351

124

V-7

G-50
H-59
H-66

Kinney
Uvalde
Comal
Hays

t

150
275
60

177
< 100

88

< 50

50
103
101

101
<'50

67
56
60

86
71

< 50

< 50

74

< 50



Discussion of the Analytical Results

Even though only one third of the water samples had

tritium activities high enough to be measured without enrichment,

the results of the analyses do exhibit some significant variations

in activity with both location and time of sample collection.

1. River Water Samples

The data for river and reservoir samples in Table 3 show

a considerable range in tritium activity. Blanco River contained

the lowest concentrations of tritium, followed by Sabinal, Nueces,

Medina, Onion, Frio, Guadalupe, Seco, and Hondo rivers and creeks,

in order of increasing tritium concentrations.

The spread of activities from 118 to 441 T.U. in rivers

is somewhat hard to understand upon first glance, if it is considered

that rivers are in general supported by rains, and that rivers in

any one area, such as the Edwards Plateau area, are in general

supported by the same rains. Then large variations of tritium

levels in streams of any one area might not be expected. However,

in the present case it must be remembered that the water samples

were taken following a long period of rather low rainfall, when

only minor surface runoff contributed to the streams, so that base

flows were approached. The stream flow data in Table 4 demonstrate

the low rate of total runoff from the Edwards Plateau in the fall of

1963, including surface runoff and base flow. The total runoff of

all rivers listed in Table 4 amounts to about 36,000 gpm in August 1963
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Table 4

River Flow Rates and Tritium Levels

River Flow Rates' (gpm)

AL'Oct 63

~- 1,000

20

5,000

~ 62(?)

< 10(?)

3,000

12,000

2,500

1,000

Tritium Activities
(T.U.)

ug 63 Oct 63

118 124

162 147

186 237

189 262

243

289

259

County

Hays

Uvalde

Uvalde

Medina

Hays

Uvalde

Comal

Medina

Medina

Flow rates were compiled from information transmitted on sampling tags.
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River

Blanco

Sabinal

Nueces

Medina

Onion

Frio

Guadalupe

Seco

Hondo

Aug 63

1,000

0

12,000

62

<10

7,500

~ 12,000(?),

~ 2,500(?)

1,000(?)

260

351

386

441

. .. ...



and 25,000 gpm in October 1963. It is safe to say that only 1/10. 'to 1/20

of the normal surface runoff was in the streams when most of the

samples were collected. This low runoff rate suggests that a sig-

nificant portion of the river water during August and October 1963

may have passed from subsurface storage. This would have diluted

the tritium levels of the recent rain water to a significant extent.

2. Well Water Samples

As was mentioned above, only three well water samples

possessed tritium activities above 100 T.U., the lowest activity

measureable with good precision in this study. The following are

those three wells:

I-4-12, 1,303 feet deep, 103 T.U.
I-3-128a, 1,654 feet deep, 101 T.U.
J-1-83, 715 feet deep, 101 T.U.

All three wells are located in Medina County. They are located

roughly along a 30-mile stretch of U.S. Highway 90. Well $-3-128a

is cased to a depth of 1,320?. Well J-1-83 is known to produce from

an aquifer at 700 to 715 feet depth. Then, the three wells bear out

the fact that runoff water in that portion of the Edwards Underground

Reservoir does proceed to considerable depth with little dilution. It

is also interesting to recall at this point that Hondo Creek and Seco

Creek pass within three miles of wells I-3-128a and I-4-12, respectively,

and that both streams exhibited high tritium levels. The three deep

wells in Medina County stand in a significant contrast to the other

72 wells sampled, which gave lower tritium activities. Since the

beginning of 1957, a large amount of recharge has occurred in the

Edwards reservoir, and it is surprising that more evidence of that

(tritium-active) recharge was not encountered.
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The average discharge of ground water in Medina County by

6
pumpage (no springs) amounts only to 7.2 x 10 gpd (1962), which is

1.4% of the total discharge of 525 x 106 gpd for the six counties.

On the other hand, the average recharge of the Edwards Reservoir

portion located in Medina County, as described roughly as the area

between the Sabinal and Medina Rivers, and a 50% portion of the

Medina Lake recharge, amounts to about 20% of the total Edwards

reservoir recharge(2). Clearly, almost all the water recharged in

Medina County migrates as underflow elsewhere, making room for more

recharge.

The remaining well water samples with measurable activity,

but with less than 100 T.U., are mostly from shallow wells in Comal

and Hays Counties. They have depths between 190 and 375 feet and

are of secondary significance.
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Conclusions and Recommendations

The work done during this study has demonstrated that natural

tritium tracer can be usefully employed to investigate recharge and

discharge problems of underground water storage and to provide data

on rates and directions of water movement. In the present case only

the least expensive means of analysis of unenriched water samples were

employed, but it was possible to determine the natural concentrations

of the tritium in the Edwards Reservoir and the degree of refinement

necessary for more sensitive work. A calculation of the average

tritium level in the Edwards Underground Reservoir assuming complete

mixing, as shown in the Appendix, yields a value of about 30 or

80 T.U., based on an average depth of the reservoir of 600 or 1,750

feet, respectively. Some of the well water samples did contain

tritium activities this high or even higher.

This work was intended to be preliminary and exploratory.

A more detailed study is suggested, employing higher degrees of sen-

sitivity of analysis. The laboratory techniques and apparatus now in

use at Isotopes, Inc. permit analysis of unenriched samples for levels

down to 15 T.U. and enriched samples down to 0.1 T.U. It is recommended

that the water samples of low activity (< 100 T.U.) from this study

be reanalyzed with the new apparatus. More evidence such as was ob-

tained from the three Medina County deep well samples is expected.

It is suggested that further sampling of areas of special

interest be performed while recharge of the reservoir by the spring

rains (with high tritium activities) is occurring. This would make

possible sensitive analyses without using artificially injected

tritium. Artificial tracer injections, consisting of both 'obser-

vation well experiments and dissipation studies (point source studies),

could be performed where natural tritium studies fail.
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Introduction

The abundance of tritium in nature has fluctuated greatly

since the Castle series of tests of thermo-nuclear devices in 1954.

Before 1954, the total amount of tritium on this planet was about

12 kg. At that time, the concentration in ocean surface waters was

about 1 tritium unit (T.U.). By the end of the Castle series of

nuclear tests, the total amount of tritium on the earth had doubled.

Since then, as the result of further tests, we have experienced rains

carrying thousands of T.U. and major streams carrying hundreds of T.U.

The tritium activity found in water samples has varied, therefore,

over a range of three orders of magnitude or more, depending on the

origin and age of the sample.

Sensitive counting instruments can measure tritium without

enrichment if it is present in a sample in excess of about 100 T.U.

If the sample contains lower concentrations of tritium, it can be

enriched by an electrolytical process, but this costs time and money.

It is the purpose of this paper to examine the past and

present tritium levels in natural waters in the light of the published

literature. In particular, it will be attempted to estimate the tritium

content of West Texas water in 'underground storage, and to predict

changes in these tritium levels during the next few years.
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Models for the Expression of Tritium Fallout

An examination of the literature reveals that four or five

different mechanisms have been proposed by which an idea of the total

tritium fallout or of specific fallout in any time period might be

gained. The most straightforward approach is the fusion equivalent

bomb tritium plot (Libby).

In addition, we may propose a rain - groundwater tritium

balance computation for 1953 - 1964 based on worldwide analyses.

It may be worthwhile to examine these mechanisms briefly,

with reference to the original work, and apply them to our specific

tritium problems.

a) The fusion equivalent bomb tritium plot (Libby)

W.F. Libby (1961, p.3373) published a diagram which shows a

linear correlation between post-early fallout tritium in rain and in

a number of water bodies and the fusion equivalent of previous thermo-

nuclear blasts, as shown in Figure 3. It can be concluded that linearity

between the tritium content of fresh surface waters and equivalent

fusion energy (MT) may persist for several years after testing, if

allowance for decay of tritium is made. At least Libby used data

which cover a period of up to 3 years and achieved a reasonably good

correlation. It will be attempted now to extend his diagram up to

1963-1964 and apply it to our test areas.

If we extend the abscissa of the diagram '(Figure 3) to 318 MT

and extend the straight lines through the tritium plots for the various
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An examination of the literature reveals that four or five
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which cover a period of up to 3 years and achieved a reasonably good

correlation. It will be attempted now to extend his diagram up to

1963-1964 and apply it to our test areas.

If we extend the abscissa of the diagram (Figure 3) to 318 MT

and extend the straight lines through the tritium plots for the various
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localities, we get the following (maximum) projection for post-1962

rains:

California 65 T.U.

Lake Michigan 82 T.U.

Chicago rain 250 T.U.

Mississippi River 500 T.U.

Ottawa River 700 T.U.

This projection appears to be quite within reason. Libby (1963)

himself published a diagram of "California tropospheric moisture"

collected, in part, on the roof of the UCLA chemistry building. The

1962 average, up to September (last analysis), appears to have been

about 70 T.U. On the other hand, the average 1962-1963 (weighted)

rain analyses in Westwood will probably be about 700 T.U. The data

of Brown (1961) for Ottawa rain up to 1959 suggest an extrapolation

to a similar level. The tritium activity for rains over other areas

on the North-American continent should be somewhere between 70 and

700 T.U.

b) Tritium levels in 1959-1963, according to reported data

For times up to 1954, we can safely assume a tritium level

in surface ocean water of 1 T.U. (Giletti et al. 1958). The pre-bomb

tritium level of the central U.S. was about 8 T.U. (Thatcher 1962),

based on measurements of samples collected in 1952-1953. Underground

reservoirs, if in contact with meteoric water supplies, must have had

a tritium level lower than this, depending on the rate of turnover of

the reservoir. Reservoirs which were out of contact with meteoric
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water for more than 50 years or which had rates of turnover of

hundreds of years must be essentially "dead" with respect to

tritium activity. Such waters are definitely in existence

today.

Some deep wells near Artesia, N.M. were found in 1957

to have 1.5 T.U. (von Buttlar, 1959). Libby (1961) analyzed

some San Fernando, California well water in 1960 which contained

no detectable tritium. Then, deep underground reservoirs of

no or low rate of turnover may be completely lacking in tritium

activity or have activities of about 1 T.U. Some knowledge of

the rate of turnover of reservoirs would be helpful in assessing

their tritium activity prior to analysis.

One of the best records of tritium activities in rain

and storage water was compiled by Brown (1961) for the Ottawa

valley, Canada. For the pre-test level of Ottawa rains, a value

of 15.3 T.U. is given. Tritium from the October 1958 tests of

the USSR continued to appear in Ottawa rains at close to maximum

concentrations to the end of the report period in late 1959.

Brown believes that the observed summer peak in tritium con-

centration in rain is due to tritium evaporation from vegetation

and reabsorption in the rain. Thus, he distinguishes TR, tritium

in rain, TV, tritium in storage water, and TN, the new tritium

in rain, corrected for evaporative tritium. Brown gives the

following figures for the average tritium depositionin Ottawa:
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Date Ave.TR Ave. T Ave. T Rainfall T Deposit
DaeRVN m7ar .2n/year .10 Atoms/cm yr

pre 1953 15.3 14.0 8.4 0.74 4.2
1953 21.1 14.4 12.6 0.746 6.3
1954 277 51 194 1.11 145.
1955 43 72 17 0.719 8.2
1956 145 78 89 0.800 48.
1957 122 92 70 0.734 34.
1958 537 132 362 0.855 208.
1959 541 270 343 0.893 205.

According to Libby (1963), more recent Ottawa rain data are:

1960 ~i200
1961 300 as gleaned from Figure 1, p. 4490

For the calculation of storage water tritium, Brown used a

fractional turnover rate of 0.27 per annum for the Ottawa valley, which

put the mean residence time at 3.7 years. Brown calculated the frac-

tional turnover per year for several streams, including the following:

Stream Date Sampled T.U. Observed Fractional Turnover/yr

Lake Erie(exit) 14 August 1958 96.1 0.14

St. Lawrence R. 13 September 1958 67.8 0.085
(at Brockville)

Deep River 30 June 1958 122 0.30

Deep River 30 September 1958 167 0.30

Thatcher (1962) made a comprehensive study of the dis-

tribution of tritium in rain over North America. His Table 1

gives the tritium concentrations during 1958 at various locations

in the U. S.
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Precipitation

Average,Adjusted (cm)

Location Tritium Activity (T.U.) Sampled Total

Key West 81 23.4 23.4

New Orleans 107 51.5 51.5

Memphis 260 61.5 63.9

Milwaukee 588 12.8 14.0

Omaha 443 40.2 41.9

Salt Lake City 255 5.0 5.3

Thatcher also gives a table from a study by Kaufman and

Libby, listing tritium levels in ground water at various depths in

a porous sandstone formation. The data are for November 1958, and

are averages from 8 wells:

Depth (m) Tritium Activity (T.U.)

0.6 120
7.5 35

15 15
30 1

The greater part of the spring 1958 fallout is believed

to be deposited above 0.6 m. The tritium activity in the soil zone

on top is believed to be about 300 T.U. This is the zone that

provides water for direct evaporation from the surface of the soil.

The data stress the importance of knowing the level from which water

samples come.

Von Buttlar and Wendt made hydrological studies in

New Mexico (1959) using tritium as a tracer. For 1959 they list

tritium concentrations varying from 1160 T.U. in Los Alamos rains

(June 25) to 6.6 T.U. in Rio Grande water (Feb. 6). They attempted

to identify in well waters the sharp tritium peaks of the summer

rains in 1954 and 1956. In 1956, two years after the rains with
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tritium activities in excess of 1000 T.U., they observed well water

peaks with an average height of 50 T.U. The average tritium con-

centration in rain was about 500 T.U. during the summer of 1954.

This means that a ten-fold dilution, on the average, had taken

place.

Von Buttlar (1959) gives 1957 and 1958 tritium analyses

for New Mexico river waters. The average tritium level in the

river for 1957 and 1958 was 68 T.U., maintaining a fairly even

level .from Feb. 1957 to March 5, 1958. The maximum deviation was

in June with 116 T.U. In a final analysis of the field experiment

by von Buttlar and Wendt (1958), the senior author concluded in

1959 that the ground water tritium peak observed in 1956 was

indeed caused by 1954 fallout. It is interesting to note that

there was a two-year lag involved in observing the peak, even

though a linear distance of about 5 to 10 miles separated the

supply area from the observation wells. With an appreciable

gradient of 10% in the aquifer (0.1 mile per mile), which con-

sisted of rather porous alluvium, migration rates considerably

in excess of 50 ft/day would have been expected. Also, the low

level of tritium activity in the peaks (50 T.U.) may be somewhat

sobering.

In another study near Socorro, von Buttlar found that

by March 1958 recharge to the ground water from the 1954 rains

had not reached the spring which discharges this ground water.

Therefore, the velocity of the ground water flow in the area

west of the Socorro Mountains must be smaller than 10 miles in

four years, or 35 ft/day.
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Near Deming, New Mexico, the Mimbres River supplies the

aquifers several miles north of the town. The water that travels

underground to the city is pumped from the ground in large quantities

for irrigation in Mimbres Valley. The depth of the water table has

increased from 80 to 100 feet during the last 15 years. This in-

formation indicates 'that the ground water near Deming is engaged

in considerable turnover. Therefore, recharge by tritiated, recent

rain water should be expected. However, sampling of 7 wells along

a line of length 8 miles, which follows the natural gradient of the

water table within 3 miles of Deming, did not turn up any abnormally

tritiated water by March 1958. The average tritium activities were

6 T.U. It was hoped by the author that further monitoring of the

heavily pumped wells might supply some information on the tritium

pattern in the aquifer. A similar result is reported from deep-well

samples near Artesia, N.M., with tritium levels of 1 T.U. for deep

samples (1,000 feet) and 5 T.U. for shallow samples (90 feet).

More recently, Libby (1963) reported a tritium level of

23 T.U. in Lake Michigan during the 1958-1961 moratorium on nuclear

weapons tests. Begemann and Libby (1957) indicated that the post-

Castle fallout of 2 x 10 T atoms/cm2 raised this lake from 1.6 to

7.2 T.U. Therefore, Libby calculates the total tritium fallout up

to the summer of 1961 in the 300-500N latitude band to average

7.6 x 10 T atoms/cm2, allowing for 7 years of decay (mean radio-

active life of about 18 years). The 7.6 x 109atoms still remaining

in the summer of 1961 would correspond to 7.6 x 109 x 30.75 x 2 x 10 ,
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or 15 T.U. in the top ocean water for 1961. The 309 -50 0N average

fallout over the continents for 1961 was 76 T.U., and in locations

north of 50 N averaged 132 T.U. For post-moratorium rains, Libby

(1963) notes a general rise in tritium levels after September 1961

and the tendency to drop off again in the summer and fall of 1962 in

a manner somewhat analogous to the 1959 spring peak.

Libby (1962) studied the problems of recharge of the Orange

County, California underground reservoir with Colorado River water

by tritium analysis. A spotty distribution of the recharge water

was found, as if the Colorado water went into certain depleted areas

and raised the level of the remaining old water in other areas - a

result which was no surprise to hydrologists.

In work on the Montebello Forebay, which has been recharged

with Colorado River water since 1954, the underground flow and dis-

tribution could be understood in detail by tritium studies, as would

not have been possible by any other means.

c) Computation of tritium levels in 1963-1964 in West Texas

It appears to be most appropriate to compute the expected

tritium levels in West Texas ground waters by determining first, as

accurately as possible, the following data:

TR = tritium concentration in rain water

R = annual rainfall

Ch = annual recharge to reservoir, and

W fractional withdrawal by pumpage and springs.
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Year

1953
1954
1955
1956
1957
1958
1959
1960
1961
1962
1963
1964

* estimated

The reservoir capacity will be calculated assuming an effective

area of 31,000 acres and a mean depth of a) 600 feet (according to the

Corps of Engineers and b) 1,750 feet (based on Figure 16, Bull. 6201

and interpretation of chemical analyses of the water). The calculation

of tritium activities in the reservoir, given below, considers both

assumptions a) and b).
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In the following, the best available figures are compiled:

TR RChw

(T.U.) (inches) (103 acre-feet) (103 acre-feet)

9 32 168 468
300 24 161 424

50 13 192 388
150 8 44 392
150 70 1143 456
400 80 1711 618
400 50 690 621
200 30 825 655
275 25 692 683
400 25* 252 589
400 20* 150* 600*
250 28* 250* 650*



Table 5

Calculation of Average Tritium Concentration in Underground Storage,
West Texas

Assumption: a)
b)
c)
d)

complete mixing
discharge of completely mixed water only
no decay of tritium during the interval 1953-1964
vertical extent of reservoir A) 600 and B) 1,750 feet

A) 600 ft. Thickness B) 1,750 ft. Thickness

Change in
Year Stored Water

Reservoir
Volume

(10 3 acre ft.)

1953 Initial, volume
lost
gained

1954 lost
gained

1955 lost
gained

1956 lost
gained

1957 lost
gained

1958 lost
gained

1959 lost
gained

1960 lost
gained

1961 lost
gained

1962 lost
gained

Tritium
Activity

(T.U.)

Reservoir
Volume

(103acre ft.)

Tritium
Activity
(T..

18,600
468
168

18,300

424
161

18,037

388
192

17,841

392
44

17,493

456
1,143

18,180

618
1,711

19,273

621
690

19,342

655
825

-9,512

683
692

19,521

589
252

19,184

at
at
at
at

at
at
at

at
at
at

at
at
at

at
at
at

at
at
at

at
at
at

at
at

at
at
at

at
at
at

1
1
9
1.1

1.1
300

3.7

3.7
50
4.2

4.2
150

4.6

4.6
150

13.8

13.8
400
48

48
400
61

6:L
200

66.5

66.5
275

74

74
400

78

54, 000
468
168

53, 700

424
161

53,737

388
192

53,241

392
44

52,893

456
1,143

53,580

618

1,711
54,673

621
690

54,742

655
825

54,912

683
692

54,921

589
252

54,584

at
at
at
at

at
at
at

at
at
at

at
at
at

at
at
at

at
at
at

at
at
at

at
at
at

at
at
at

at
at
at

1
1
9

1
1

300
1.9

1.9
50
2.1

2.1
150

2.2

2.2
150

5.4

5.4
400
17.7

17.7
400

22.5

22.5
200
25

25
275

28

28
400

30
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Table 5 (continued)

A) 600 ft. Thickness

Reservoir
range in Volume
)red Water (10 acre ft.)

lost 600 at
gained 150 at,

18, 7 34 at

lost 650 at
gained 250 at

18,334 at

Tritium
Activity
(T.u.),

78
400

81

81

250
83

B) 1,750 ft. Thickness

Reservoir Tritium
Volume Activity

(l03acre ft.) (T.U.)

600 at 30
150 at 400

54,134 at 31

650 at 31
250 at 250

53,734 at 32

It can hardly be expected that the assumptions which led to this

result are all correct. The effect of tritium decay should be but minor,

because most of the increase in tritium activity happened in the last

seven years. Under conditions of complete mixing, and allowing for

decay, a realistic value might be A) 70 T.U. or B) 27 T.U. for the

total, reservoir. Because mixing is, of course, not complete and a

good portion of the most recent rain is being discharged through

springs, one may expect an actual average tritium activity of about

A) 50 T.U. or B) 20 T.U. for the Edwards reservoir.
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Conclusions

Present and future tritium measurements in groundwater

samples should yield a range in tritium activity between 1 and 50 T.U.

Groundwater samples exceeding 50 T.U. should be exceptions. River:

and lake waters with a high rate of turnover should have activities

between 50 and, perhaps, 300 T.U. Activities in excess of a few

hundred T.U. should be expected only in rains.
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