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WATERSHED WORK PLAN AGREEMENT

between the

Alamo Soil Conservation Pistrict

Local Organization

San Antonio River Authority
Local Organizationm

Local QOrganization

In the State of Texas
(hereinafter referred to as the Sponsoring Local Organization)

and the

Soil Conservation Service
United States Department of Agriculture
(hereinafter referred to as the Service)

Whereas, application has heretofore been made to the Secretary of
Agriculture by the Sponsoring Local Organization for assistance in pre-

paring a plan for works of improvement for the
Salado Creek Watershed, State of Texas

under the authority of the Watershed Protection and Flood Prevention Act
(Public Law 566, B83d Congress; 68 Stat. 666), as amended by the Act of
August 7, 1956 (Public Law 1018, 84th Congress; 70 Stat. 1088); and

Whereas, the responsibility for administration of the Watershed
Protection and Flood Prevention Act, as amended, has been assigned by
the Secretary of Agriculture to the Service; and

Whereas, there has been developed through the cooperative efforts of
the Sponsoring Local Organization and the Service a mutually satisfactory
plan for works of improvement for the _Salado

Creek Watershed, State of Texas '

hereinafter referred to as the watershed work plan, which plan is annexed
to and made a part of this agreement;

USDA-SCS-Ft.Worth, Tex.-1958

d- 19901 - 82




Now, therefore, in view of the foregoing considerations, the Sponsor-
ing Local Organization and the Secretary of Agriculture, through the
Service, hereby agree on the watershed work plan, and further agree that
the works of iﬂ?rovement as set forth in said plan will be installed,
within years, and operated and maintained substantially

in accordance with the terms, conditions, and stipulations provided for
therein.

It is mutually agreed that in installing and operating and maintain-
ing the works of improvement described in the watershed work plén:

1. The Sponsoring local Organization will acquire without cost
to the Federal Govermment such land, easements, or rights-
of-way as will be needed in connection with the works of
improvement. (Estimated cost $ 306, 390 )

2, The Sponsoring Local Organization will acquire or provide
assurance that landowners or water users have acquired such
water rights pursuant to State law as may be needed in the
installation and operation of the works of improvement.

3. The percentages of construction costs of structural measures
and land treatment measures for flood prevention to be paid
by the Sponsoring Local Organization and by the Service are

as follows:

Sponsoring

Works of Local Estimated
Improvement Organization Service Construction Cost
(percent) (percent) (dollars)
6 Floodwater Retardin
Srne 8 0 100 3,327,124

Structures

4. 138014 3-912




10.

4- 18501

The Sponsoring Local Organization will pay all of the costs
allocated to purposes other than flood prevention, and irri-
gation, drainage, and other agricultural water management.

The Service will bear the cost of all installation services
applicable to works of improvement for flood prevention.
(Estimated cost $ 594,324 )

The Service will bear percent of the cost of installa-
tion services applicable to works of improvement for agricul-
tural water management and the Sponsoring Local Organization
will bear percent of the cost of such services,

(Estimated cost § )

The Sponsoring Local Organization will bear the cost of
all installation services applicable to works of improve-
ment for nonagricultural water management. (Estimated

cost $ )

The Sponsoring Local Organization will bear the costs of
administering contracts. (Estimated cost §__ 8,000 )

The Sponsoring Local Organization will obtain agreements
from owners of not less than 50 percent of the land above
each floodwater retarding structure that they will carry
out conservation farm or ranch plans on their land.

The Sponsoring Local Organization will provide assistance
to landowners and operators to assure the installation of
the land treatment measures shown in the watershed work

plan.

The Sponsoring Local Organization will encourage land-
owners and operators to operate and maintain the land
treatment measures for the protection and improvement of

the watershed.

The Sponsoring Local Organization will be responsible for
the operation and maintenance of the structural works of
improvement by actually performing the work or arranging
for such work in accordance with agreements to be entered
into prior to issuing invitations to bid for construction

work.

The costs shown in this agreement represent preliminary
estimates. In finally determining the costs to be borne
by the parties hereto, the actual costs incurred in the
installation of works of improvement will be used.
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This agreement does not constitute a financial document

to serve as a basis for the obligation of Federal funds,
and financial and other assistance to be furnished by the
Service in carrying out the watershed work plan 1s contin-
gent on the appropriation of funds for this purpose,

Where there is a Federal contribution to the construction cost
of works of improvement, a separate agreement in connection
with each construction contract will be entered into between
the Service and the Sponsoring Local Organization prior to the
issuance of the invitation to bid. Such agreement will set
forth in detail the financial and working arrangements and
other conditions that are applicable to the specific works of

improvement.

The watershed work plan may be amended or revised, and this
agreement may be modified or terminated, only by mutual agree-
ment of the parties hereto.

No member of or delegate to Congress, or resident commissioner,
shall be admitted to any share or part of this agreement, or

to any benefit that may arise therefrom; but this provision
shall not be construed to extend to this agreement if made
with a corporation for its general benefit.

Alamo Soil Conservation District

Local Organization
&
B

Tit]_eéhairman, Board of Supervisors

pate April 26, 1962

The signing of this agreement was authorized by & resolution of the govern-
ing body of the

Local Organization

adopted at a meeting held on _April 24, 1962

(Secretary, Loca
Erwin Ripps _

Date _April 26, 1967

ganization)




Local Or

/A 4
By A\ ” ”7 1

L. H. Von Dohlen 7
Title Vice-Chairman, Board of Directors

pate April 26, 1962

The signing of this agreement was authorized by a resolution of the govern-

ing body of the

San Antonio River Authority

adopted at a meeting held on

April 18, 1962

Local Organization el TOT

Ty
“‘.;'J

AV & Cens
(Secrdtary, Local @rf:
K. W, Davis, Assisf
pate April 26, 196%

Local Organization

By

Title

Date

The signing of this agreement was authorized by a resolution of the

governing body of the

adopted at a meeting held on

Local Organization

e LUTG . b2

{ Secretary, Local Organization)

Date

Soil Conservation Service
United States Department of Agriculture

By

Administrator

Date
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WATERSHED WORK PLAN
SALADO CREEK WATERSHED

Bexar County, Texas
March 1962°

SUMMARY OF PLAN

General Summary

The work plan for watershed protection and flood prevention for Salado Creek
watershed was prepared by the Alamo Soil Conservation District and the San
Antonio River Authority, as sponsoring local organizations. Technical assist-
ance was provided by the Soil Conservation Service of the United States

Departmant of Agriculture.

It is significant that the entire cost of developing the work plan for water-
gshed protection and flood prevention was borne by the sponsoring local

organizations.

The primary objective of the project is to provide flood protection for the
portion of San Antonio subject to flood damage from Salado Creek and for
the agricultural land within the watershed subject to flood damage from
Salado Creek and its tributaries. The project, as formulated, meets these
objectives. The sponsoring local organizations determined that no organized
group was interested in including additional water storage for any agricul-

tural or nonagricultural water management purpose.

The watershed covers an area of 218,45 square miles, or 139,808 acres in
Bexar County, Texas. Approximately 47.9 percent of the watershed is range-
land, 6.3 percent is pastureland, 10.3 percent is cropland, 1.1 percent 1is
wildlife areas, and 34.4 percent is in miscellaneous uses such ag urban
areas, roads, rallroads, military establishments and stream channels. The
watershed includes 20,048 acres of Federally-owned land which comprises
portions of Fort Sam Houston, Camp Bullis, and Camp Stanley. In additionm,
there are several small miscellaneocus installations.

The work plan proposes installing, in a 5-year period, a proj}ect for the
protection and development of the watershed at a total estimated installa-
tion cost of $5,071,045. The share of this cost to be borne by Public Law
566 funds is $3,934,298. The share to be borne by other than Public Law
566 funds 1s $1,136,747. 1In addition, the local interests will bear the
entire cost of operation and maintenance.

Land Treatment Measures

The cost for land treatment measures is estimated to be $835,207, of which
the other than Public Law 566 share is $822,357, including expected reim-
bursements from ACPS, and $30,970 to be spent by the Soil Conservation




Service under its going program for technical assistance during the project
installation period. The Public Law 566 share, consisting entirely of
accelerated technical assistance, is $12,850. The work plan includes only
the land treatment that will be installed during the 5-year period.

Structural Measures

The structural measures included in the plan consist of 16 floodwater retard-
ing structures having a total sediment storage and floodwater detention
capacity of 47,268 acre-feet. The total cost of structural measures is
$4,235,838, of which the local share is $314,390 and the Public Law 566 share
1s §3,921,448, The local share of the cost of structural measures includes
land easements and rights-of-way, 97.5 percent, and administering contracts,
2,5 percent. The 16 floodwater retarding structures will be installed during

& 5-year period.

Damages and Benefits

The reduction in floodwater, sediment, flood plain erosion, and indirect
damages will directly benefit approximately 110 landowners in the agricul-
tural lands of the flood plain in addition to the owners and occupants of
175 residential and business units,

The estimated average annual floodwater, sediment, flood plain erosion, and
indirect damages without the project total $82,538 at long-term price levels.
The estimated average annual floodwater, sediment, flood plain erosion, and
indirect damage with the project installed, including land treatment and
structural measures amount to $12,038, a reduction of approximately 85 per-

cent.

The average annual primary benefits accruing to structural measures are
$158,244, which are distributed as follows:

Floodwater damage reduction $56,789
Sediment damage reduction : 1,415
Flood plain erosion damage reduction 1,079
Indirect damage reduction 10,814
Benefits from changed land use

(Urban development) 58,746

Benefits outside project area
(Reduction of damages on mainstem

San Antonio River) 8,401 ™
Benefits from incidental ground
water recharge 21,000

The ratio of the average annual benefits ($158,244) to the average annual
cost of structural measures ($123,413) is 1.3:1.

The total benefits of land treatment measures were not evaluated in monetary
terms since experience has shown that these soil and water conservation
measures produce benefits in excess of their costs.




Provisions for Financing Local Share of Installation Cost

In 1951 the voters of Bexar County approved a tax rate of 15 cents on each
8100 of assessed county valuations to be levied and collected annually by
the Commissioner's Court of Bexar County. By contract between the San
Antonio River Authority and the Commissioners' Court the net proceeds of
this 1l5-cent tax are to be paid over to the River Authority until the year
2000 as a revenue with which to carry out flood control and soil conserva-
tion work in Bexar County. The River Authority has authority to sell

12 million dollars in Revenue Bonds secured by revenue from the County
contract. Bond funds will be available and adequate for the River Autho-
rity's share of those costs to be borne by local interests.

Operation and Maintenance

Land treatment measures for watershed protection will be maintained by the
landowners or operators of the farms and ranches on which the measures will
be installed under agreements with the Alamo Soil Comservation District.

The San Antonio River Authority will be responsible for the operation and
maintenance of the 16 floodwater retarding structures. On October 17, 1961
the voters of Bexar County approved a tax rate of 2 cents on each $100 of
assessed county valuations to be levied annually by the San Antonio River
Authority and collected by the Bexar County Tax Assessor-Collector. The
statute governing the use of the proceeds of this tax provides:

",.., It is likewise the intent of this Act that any taxes thus
collected may be used to pay for the operation, repair and/or
maintenance of any flood control, soil conservation, watershed
protection and/or erosion structures or works of improvement
congtructed in cooperation with the Federal government..."

The estimated average annual cost of operation and maintenance of all
structural measures is $3,200. Based on 1961 assessments, the annual yield
from the 2-cent tax will be approximately $88,000, out of which the River
Authority will budget and make available funds adequate for such operation

and maintenance.

DESCRIPTION OF WATERSHED

Physical Data

Salado Creek heads in northern Bexar County, Texas approximately 24 miles
northwest of San Antonio. It flows toward the southeast and south, through
the eastern edge of San Antonio to its confluence with the San Antonio
River. The distance of flow from head to mouth 1s approximately 35 miles.
Panther, Lorence, Mud, and Beitel Creeks are major tributaries which join
Salado Creek in the upper reaches of the watershed. Rosillo Creek, another
major tributary, joins Salado Creek approximately three miles upstream from
the Salado Creek - San Antonio River confluence. The watershed covers an

area of 218.45 square miles, or 139,808 acres.




The topography of the watershed is closely related to the geologic structure.
The northern portion is in the Edwards Plateau Land Resource Area and is
separated from the Blackland Prairies Land Resource Area by the escarpment
developed along the Balcones fault zone, which extends from east to west
across the watershed. The Edwards Plateau, occupying 54 percent of the
watershed, is on the upthrown side of the Balcones fault zone and is under-
lain by the following Cretaceous strata: the Glen Rose limestone of the
Trinity group; the Walnut clay, Comanche Peak, and Edwards limestones of the
Fredericksburg group; the Georgetowm limestone, Grayson shale, and Buda
limestone of the Washita group; and remmants of younger groups. These strata

dip very slightly toward the southeast.

The Edwards limestone is highly fractutred, cavernous, and contains numerous
{nterconnected solution cavities throughout its outcrop area. Due to these
cheracteristics, a significant portion of the rainfall that reaches stream
channels as runoff in this area enters the Edwards formation as recharge.

Salado Creek and its tributaries rise in the Edwards Plateau and have cut
steep valleys and canyons through the strata mentioned above, forming areas
of pronounced relief. The Blackland Prairies Land Resource Area occupies
38 percent of the watershed and 1s located on the downthrown side of the
Balcones fault zone. This rolling to nearly level prairie is underlain by
Cretaceous clays, marls, shales, chalks, and limestones of the Eagle Ford,
Austin, Taylor, and Navarro groups. These strata dip toward the southeast
at a2 greater rate than those in the Edwards Plateau. The remaining eight
percent of the watershed is within the Rio Grande Plain Land Resource area
and is underlain by Tertiary clays, sands, and sandstones of the Midway and
Wilcox groups, which overlie Cretaceous beds of the Blackland Prairies in the
very southern portion of the watershed. These Tertiary strata dip to the
southeast at the same rate as the underlying Cretaceous strata and exhibit
no pronounced difference in topography from the Blackland Prairies. Eleva-
tions in the watershed range from 1,511 feet above mean sed level in the
Edwards Plateau to approximately 500 feet at the mouth of Salado Creek.

The major soll series found in the watershed are: Tarrant, Crawford, and
Brackett in the Edwards Plateau; Austin, Eddy, Houston, Houston Black, and
Lewisville in the Blackland Prairies; and Monteola, Uvalde, and Frio in the
Rio Grande Plain. The Edwards Plateau soils are primarily calcareous stony
clays ranging from very shallow to deep. Blackland Prairies and Rio Grande
Plain soils are calcareous, fine textured and range from deep to shallow

and moderately permeable to slowly permeable.

The ten range sites within the watershed are Adobe Upland, Rocky Adobe,
Shallow Upland, Shallow Stony, Steep Rocky, Deep Upland, Redland, Valley,
Low Stony Hill, and Bottomland. In general the important grasses are little
bluestem, Indiangrass, plains lovegrass, Canada wildrye, green sprangletop,
big bluestem, Texas cupgrass, sideoats grama, tall dropseed, feathery blue-
stems, slim tridens, Texas wintergraas, buffalograss, and Wright threeawn.
Invaders include Texas grama, hairy tridens, red grama, red threeawn, and
numerous annual grasses. Woody vegetation consists of live: oak, Texas oak,
shin oak, post oak, pecan, elm, Aghe junipsr, Texas persimmon, and agrito.



The over-all land use for the watershed iz as foilows:

Land Use Acres Percent
Cropland 14,354 10.3
Pastureland 8,798 6.3
Rangeland 66,948 47.9
Wildlife Areas 1, 500 1.1
Miscellaneous 1/ 48,208 34.4

Total 139,808 100.0

1/ 1Includes roads, highways, railroad rights-of-way, urban
areas, military establishments, etc.

The climate is warm and sub~humid. The mean monthly temperature ranges from
about 51 degrees Fahrenheit in January to 84 degrees in July. The normal
frost-free period of 279 days extends from February 24 through November 30.
The average annual rainfall is 27.5 inches, as recorded at U. 3. Weather
Bureau gage at San Antonfo. Precipitation is fairly well distributed
throughout the year, but is heaviest during April, May, and September.

Water for livestock and rural domestic use is obtained from wells and surface
ponds. Water for municipal, military, and industrial purposes in the Sen
Antonio metropolitan area is supplied by wells and springs mainly from the
groundwater reservoir in the Edwards and associated limestones. This reser-
voir extends along the Balcones fault zone in parts of Kinney, Uvalde, Medina,
Bexar, Comal, and Hays Counties. In the San Antonio area the Edwards and
assoclated limestones are recharged primarily by ground water underflow from
the west and secondarily by seepage from streams, such as Salado Creek, which
cross the outcrop of the aquifer. Studies have been made that indicate a
high degree of correlation between inflow to the aquifer, observation well
levels, and outflow from the principal points of discharge. In this area

the two principal outlets are the Comal and San Marcos Springs. These two
springs have a combined average discharge of 282 million gallons per day.

San Antonlo is one of the largest cities in the United States with water
supply obtained eantirely from ground water. Large quantities of water are
needed to meet the growing demands of the rapidly increasing population,

expanding industries, and irrigation.

Economic Data

The economy of the watershed 1s influenced profoundly by the presence of the
city of San Antonio, industrial activity within the watershed, and the
existence of military installations. While a considerable area of the
watershed is in agricultural holdings, the agricultural production is
affected by expectations of urban expansion. As a result, the land values
are dependent more upon site location than upon use for agricultural

purposes.

The Edwards Plateau poftion of the watershed is occupied largely by ranch



holdings and by the military reservations at Camp Bullis and Camp Stanley
with scattered residential and other holdings. The Blackland Prairies and
Rio Grande Plain sections contain much of the crop production, generally in
farms of about 75 acres. A limited part of the lower portion of the water-
shed is in irrigated cropland. Most of this land is devoted to the produc-
tion of truck crops. The principal agricultural enterprises in the water-
shed are livestock production, small grains, and grain sorghums. There 1is
little, or no, cotton production in the watershed. Values of rangeland in
the watershed approximate $75 to $100 per acre., Irrigated cropland values
range upward from about $300 per acre.

Industrial production in the watershed area outside of San Antonio includes
cement plants, gravel pits, chemical plants, diversified light industries,

and a very small oil field. These establishments, together with businesses
and industries in San Antonio, provide the principal employment for inhabi-

tants in the watershed.

A considerable part of the watershed is within the city limits of San Antonio.
This portion of the watershed is occupied largely by light industry, busi-
nesses, residences and public property. Expansion of the urban area has been
rapid and can be expected to continue. In 1940, the population of San Antonio
(253,854) accounted for 75 percent of the population (338,176) of Bexar
County. By 1960 the populations were 587,718 and 687,200, respectively, and
San Antonio contained 85 percent of the Bexar County total. Much of the
Bexar County population outside of San Antonio is concentrated in a number

of small towns, incorporated developments, and trading centers in the
watershed. The urban influence upon the watershed can be expected to
increase and the agricultural importance decline in the future.

The watershed is traversed by a number of paved Federal, State, and Farm-to-
Market roads. There are also numerous county roads and city streets which
provide access to all parts of the watershed. However, all-weather cross-

ings of Salado Creek generally are limited to the more important streets and
highways. There are a number of low-water crossings which are frequently
impassable. The watershed is unusually well supplied with railroad facilities.

Land Treatment Data

The watershed is served by the Soil Comservation Service work unit at San
Antonio assisting the Alamo Soil Conservation District. The work unit has
assisted farmers and ranchers in preparing 158 soil and water conservation
plans on 89,246 acres (97 percent of the agricultural land) within the
watershed and has given technical assistance in establishing and maintaining
planned measures. Approximately 55 percent of planned practices have been

applied.
WATERSHED PROBLEMS

Floodwater Damage

An estimated 8,035 acres of the watershed, excluding stream channels, is



flood plain. As described herein the flood plain is the area inundated by
the 100-year frequency storm runoff (Plate 1). Land use in the flood plain
is 18 percent cropland, 21 percent pasture, 33 percent rangeland, and 28

percent miscellaneous.

Efforts to control or prevent flooding in the watershed have been minor.
Some attempts have been made to clean and enlarge stream channels but these
efforts have had little effect on the reduction.of flood damage.

Flooding occurs frequently in the watershed and causes moderate Lo severe
damages to agricultural lands and to urban devélopment within and around

San Antonio (Plate 1). Small overflows occur at least annually in some
locations and cause minor damage to yards, streets and miscellaneous property.
Larger floods that cause damages in excess of $30,000 to urban development
occur on the average of every four or five years.

The most damaging flood in recent years occurred September 27, 1946. The
magnitude of the storm varied from approximately 5 imnches in the upper reach
of the watershed to 16 inches near ites mouth, averaging a 35-year frequency
event over the watershed. The resulting flood inundated approximately 7,200
acres of flood plain land in the watershed, of which about 2,000 acres are
located inside the urban area of San Antonio (Plate 1). Under present level
of development, the direct monetary floodwater damage from such a flood 1is
estimated to be $294,867, of which $192,371 would be to urban properties.

During 1957 three damaging overflows occurred. Other recent damaging over-
flows occurred in 1958 and 1960.

In addition to the direct floodwater damage suffered by the urban residents,
ranchers, and farmers in the watershed, other significant floodwater problems
exist. Significant areas in and adjacent to San Antonio cannot be utilized
for residential and industrial development because of flooding. The rapid
rate of expansion and increase in population in the San Antonio metropolitan

area requires additional land for development.

For the floods expected to occur during the evaluation period, which includes
floods up to 100-year frequency, the total direct floodwater damage is estimated
to average 365,359 annually at long-term price levels (table 5) of which

$5,138 is crop and pasture damage, $7,432 is other agricultural damage,

$14,651 1s nonagricultural damage to roads and bridges, and $39,138 is to

urban and other nonagricultural development.

Indirect damages such as Interruption of travel, losses sustained by busi-
nesses, temporary dislocation of persons from homes and work, and similar
losses are unusually heavy in this watershed because of the concentration

of damageable values and the relatively few all-weather crossings in the
flood plain. The total average annual value of such damages is estimated to

be $12,284.

Sediment Damage

Damage by overbank deposition of sediment is minor. This is due mainly to



the low rate of sediment production, the fine texture of most of the materials
deposited, and the large stream chamnel capacity. Approximately 1,179 acres,
or 16 percent of the flood plain, have been damaged by deposition of silt,
clay, and gravel, reducing the productive capacity an estimated 10 percent.
This damage amounts to an average of $1,956 annually at long-term price

levels (table 5).

Annual sediment production rates range from 0.2 acre-foot per square mile in
the Edwards Plateau to 1.6 acre-feet per square mile in the Blackland Prairies.

Erosion Damage

Erosion rates are low in the Edwards Plateau, where rangeland is the predomi-
nant land use and the inherent erodibility of soils is low. In the Blackland
Prairies and Rio Grande Plain, where the soils are more ercdible and more
intensively cultivated, erosion rates are moderate to high. Sheet erosion
accounts for approximately 88 percent of the average annual gross erosion,
flood plain scour 10 percent, and gully and streambank erosion 2 percent.
average annual rate of gross erosion under present conditioms is 1.35 acre-

feet per square mile.

The

Flood plain scour is moderate, with approximately nine percent of the flood
plain being damaged annually. It is estimated that the productive capacity
of 617 acres has been reduced as follows: 116 acres, 10 percent; 356 acres,
20 percent; 104 acres, 30 percent; and 41 acres, 40 percent. This represents
an average annual monetary damage of $1,939 (table 5) at long-term price

levels.

Problems Relating to Water Management

San Antonio is one of the largest cities in the United States that obtains
its water supply exclusively from ground water. All the water used for
municipal, military, or industrial use is obtained from wells or springs.

At the present time water yields from these sources are adequate to meet
existing needs. However, the rapid growth of the city and surrounding area
is resulting in increasing water use. In contrast to this, it is anticipated
that the water supply from the present source will decline in future years
because of increasing withdrawals on the Edwards Plateau above San Antomio.

There is no activity relative to agricultural drainage in the watershed.

In the lower portion of the watershed approximately 2,000 acres of cropland
and pasture are irrigated. Most of the water is supplied by individually-
owned wells. It is not expected that irrigation in the watershed will
increase in the future. Urban expansion will continue to reduce the water-

shed area available for crop productien.




PROJECT OF OTHER AGENCIES

There are no existing or proposed works of improvement of other agencies in
the watershed. However, the San Antonio River Authority is charged by State
law with the following water conservation powers in the San Antonio River
Basin: navigation, flood contreol, water conservation, storage, procure-
ment, distribution and supply, irrigation, soil conservation, sewage treat-
ment, pollution prevention, parks, recreational facilities and preserva-
tion of fish, and forestation and reforestation. The San Antonio River
Basin comprises more than 4,000 square miles of land. The Authority is

now jointly engaged with the Corps of Engineers in a 31 million dollar
flood control project within the limits of the City of San Antonio. The
Authority cooperated with the Soil Conservation Service in making a survey
of upstream flood prevention and irrigation potentialities in the Basin.
Based upon the results of that survey it has participated in the develop-
ment of the Calaveras Creek and Escondido Creek Pilot Watershed Projects in
Bexar and Karnes Counties, respectively; it is now sponsoring upstream
projects on Martinez Creek in Bexar County and on Escondido-Nichols Creek
in Karnes County. In addition, the Authority is cooperating with the
Bureau of Reclamation and U. S. Geological Survey in water research activi-

ties in the San Antonio River Basin.

The works of improvement included in this plan will have no significant
effects on other existing downatream works of improvement and will consti-
tute a harmonious element in the San Antonio River master plan.

BASIS FOR PROJECT FORMULATION

Much of the flood plain traveraes the eastern part of the City of San
Antonio. Severe flooding causes heavy damage to this urban area, and
because of rapid development this damage will become greater in the
future. Removal or relocation of highly concentrated facilities such as
street and road crossings, water mains, and sewer and gas lines would
require high expenditures if channel improvements were attempted.

Due to the extent of existing and potential urban development in the
lower half of the watershed, the sponsors recognized the need for
providing a high level of protection for that area. The sponsors also
desired that consideration be given to all needed measures for watershed
protection and flood prevention on agricultural lands. They requested
that the potential of the Edwards limestone for increased ground water
recharge be investigated. The sponsoring local organization considered
the possibility of incorporating storage for agricultural and non-
agricultural water management and fish and wildlife development in any
floodwater retarding structure that might be included in the plan.

It was agreed that every effort would be made to develop a project which
would reduce by not less than 90 percent the damage within the main
portions of the urban area affected. It was believed that this level of
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protection would reduce the damage from a flood that could be expected to
occur on the average of once in 100 years to & level where the damage would
be relatively minor. Because of the high cost of channel work it was agreed
that protection would be obtained insofar as possible from floodwater retard-

ing structures.

In selecting sites for floodwater retarding structures, consideration was
given to locations which would provide the desired level of protection to
areas subject to flood damage. The size, number, designm, and cost of the
structures was influenced by the complex topographic and geologic conditions
of the watershed, together with the scarcity of embankment fill material.

The characteristics of the geologic formations underlying structure sites
are such that storage of water for multiple purposes is not physically or

economically feasible.

The recommended system of structures will meet the project objectives in
providing the desired level of protection to agricultural and urban areas.
The structures also provide Incidental ground water recharge at no addi-

tional cost.

WORKS OF IMPROVEMENT TQ BE INSTALLED

Land Treatment Measures

An effective conservation program based upon the use of each acre of
agricultural land within its capabilities and its treatment in accord-
ance with its needs, such as is now being carried out by the Alamo Soil
Conservation District, is necessary for a sound watershed protection

and flood prevention program on the watershed. Basic to reaching this
objective is the establishment and maintenance of all applicable soil

and water conservation and plant management practices essentlal to proper
land use. Emphasis will be placed on accelerating the establishment of
land treatment practices which have a measurable effect on the reduction
of floodwater, sediment, and erosion damages.

0f the total watershed area of 139,808 acres, 74,98% lie above planned
floodwater retarding structures. Land treatment is especlally important
for protection of these watershed lands to support and supplement the
structural measures. Land treatment constitutes the only planned measures
for the remailning upland area. Land treatment measures on the agricul-
tural land within the 7,198 acres of flood plain that will not be inundated
by the pools of the planned floodwater retarding structures are also
important in reducing floodwater, sediment, and erosion damage.

The amounts and estimated costs of the measures that will be installed by
the landowners and operators during the 5-year installation period are

shown in Table 1. The local people will continue to install and maintain
land treatment measures needed in the watershed after the 5-year installa-

tion period.



11

Land treatment measures will decrease erosion damage and sediment production
from fields and pastures by providing improved soil-cover conditions. These
measures include conservation cropping systems, cover cropping, crop residue
use for cropland, and pasture planting to establish good cover on grassland
and formerly cultivated lands. They also include range seeding and brush
control to improve grass cover; construction of farm ponds to provide
adequate watering places for livestock and uniform distribution of grazing;
and proper use of grasslands to provide improvement, protection, and mainte-
nance of grass stands. These measures also effectively improve soil condi-
tions which allow rainfall to soak into the soil at a more rapid rate.

In addition to the soil improving and cover measures, land treatment includes
contour farming, terracing, diversion construction, and grassed waterways to
serve these measurés, which in combination have a measurable effect in
reducing peak discharge by slowing runoff water from fields and in reducing

erosion damage and sediment production.

Structural Measures

A system of 16 floodwater retarding structures having an installation cost
of $4,235,838 will be installed to afford the needed protection to flood
plain lands and urban property which cannot be provided by land treatment

measures alone.

Plate 2 shows a section of a typical floodwater retarding structure.

The location of the structural measures are shown on the Project Map,
Plate 5. Structural measures were not found to be feasible on Beitel and
Rosillo Creeks because of adverse physical and economic conditions.

This system of structures will detain runoff from approximately 54 percent
of the entire watershed and 75 percent of the area above U. S§. Highway 81.
The 16 floodwater retarding structures will have a total floodwater deten-
tion capacity of 42,005 acre-feet and will detain an average of 6.72 inches
of runoff from the watershed area above them. The sediment storage provided
in the 16 floodwater retarding structures will be adequate for 100-year

accumulation.

Sufficient detention storage can be developed at all structure sites to
make possible the use of natural rock or vegetative spillways, thereby’
effecting a substantial reduction in cost over concrete or similar types

of spillways.

All applicable State water laws will be complied with in design and construc-
tion of the planned structural measures.

Refer to tables 1, 2, and 3 for details on quantities, costs, and design
features of the floodwater retarding structures.




EXPLANATION OF INSTALLATION COST

Public Law 566 funds are expected to provide technical assistance in the
amount of $12,850 during the 5-year installation period to accelerate the
installation of land treatment measures included in the plan for watershed
protection. These Public Law 566 funds will be in addition to $30,970 of
Public Law 46 funds provided under the going program. Local interests will
install these measures at an estimated cost of $791,387, which includes
ACPS payments based on present program criteria (table 1). These costs are
based on present prices being paid by landowners or operators to establish
the individual measures in the area. The number of land treatment measures
to be applied and the unit cost of each measure was estimated by the Alamo

Soil Conservation District.

The required local costs for structural measures consisting of the value
of land easements (5$220,950); changes in utilities ($23,000) and roads
(846,340); removal and relocation of improvements ($12,400); legal fees
(3,700); and administration of contracts ($8,000) are estimated at
$314,390. Representatives from the county and city governments, real
estate interests, ranchers, and businessmen provided these estimated

costs.

THe entire construction cost for structural measures amounting to $3,327,124
will be borne by Public Law 566 funds. In addition, the installation
services cost of $594,324 will be a Public Law 566 expense. This is a

total Public Law 566 cost of 53,921,448 for the installation of structural

measures.

Construction costs include both the engineers' estimate and contingenciles.
The engineers' estimates were based on the unit costs of floodwater retard-
ing structures in similar areas modified by special conditions inherent to
each individual site location. They include such items as rock excavation,
grouting, long hauls of embankment material, and site preparation. Geologic
investigations consisting of surface observations, seismic investigations,
and hand auger borings were made at all sites. In addition more detailed
investigations were made at three sites considered to be representative of
construction problems to be encountered at all sites. A bulldozer and

core drilling equipment were used in making these investigations. More
detailed geologic investigations will be needed before construction begins.
Ten percent of the engineers' estimate was added as a contingency to
provide funds for unpredictable construction costs.

Installation Services include engineering and administrative costs. These
estimates were based on an analysis of previous work in this area.

The estimated schedule of obligations for the 5-year installation period,
covering installation of both land treatment and structural measures is

as follows:




Schedule of Obligations

Fiscal : : Public Law : Other

Year : Measutre : 566 Funds : Funds : Total
(dollars) (dollars) (dollars)
1st Sites 1, 2, 8 767,660 47,655 815,315
Land Treatment 2,570 164,471 167,041
2nd Sites 9, 11, 12 650,423 41,330 691,753
Land Treatment 2,570 164,471 167,041
3rd Sites 10, 4, 5 760,223 40,380 800, 603
Land Treatment 2,570 164,471 167,041
4th Sites 6, 7, 13 763,209 60,410 823,619
Land Treatment 2,570 164,472 167,042
5th Sites 14, 16, 15, 3 979,933 124,615 1,104,548
Land Treatment 2,570 164,472 167,042
Total 3,934,298 1,136,747 5,071,045

This schedule may be adjusted from year to year on the basis of any signifi-
cant changes in the plan found to be mutually desired, and in the light of
appropriations and accomplishments actually made.

EFFECTS OF WORKS OF IMPROVEMENT

After the installation of the combined program of land treatment and the
structural measures described above, average annual flooding will be
reduced from 2,506 acres to 1,129 acres. This includes the flooding on
the flood plains of Rosillo Creek and Beitel Creek for which no structural

measures are planned.

This project will directly benefit approximately 110 landowners in the
agricultural land of the flood plain and the owners and occupants of 175

residential and business units.

The area on which sediment damage from overbank deposition will occur is
expected to be reduced from 1,179 acres to 330 acres, a reduction of 72
percent. About 3 percent of the expected reduction will result from land
treatment and 97 percent from the structural measures.

The area on which flood plain scour damage will occur is expected to be
reduced from 617 acres to 271 acres, a reduction of 56 percent.

With the combined program of land treatment and structural measures installed,
it is estimated that the annual gross erosion in the watershed will be
reduced from 301 to 267 acre-feet per year and sediment yield from the water-
shed will be reduced approximately 11 percent.
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Reduction in area inundated varies with respect to location within the water-
shed. The general locations of the areas benefited from reduction in flood-
ing from the combined program of land treatment and structural measures are

presented in the following tables:

Average Annual Area Inundated l/
Evaluation : : : :
Reach : : Without : With i Reduc-
(Plate 1) Location : Project : Project : tion
(acres) {acres) (percent)

A Salado Creek-Bottom of Watershed

to Rosillo Creek (Cross Section

13 and R-1) 201 46 77
B Rosillo Creek to U. §. Highway

No. 87 261 77 71
c U. §. Bighway No. 87 to U. 8§,

Highway No. 90 138 19 86
D U. S. Highway No. 90 to Rittiman ‘

Road (Cross Section 58) 255 104 59
E Rittiman Road to U. S. Highway 81

(Cross-Section 58 to 65) 19 3 84
F U. §. Highway 81 to Nacogdoches

Road (Cross Section 65 to 71) 95 42 56
G Nacogdoches Road to Mud Creek

confluence (Cross Section 71

to 81) 107 1 99
H Salado Creek and Tributaries -

above Mud Creek 434 2 99
I Mud Creek and Tributaries 222 82 63

Subtotal 1,732 376 78
X Rosillo Creek 2/ 551 537 2
Y Beitel Creek 2/ 223 216 3
Total 2,506 1,129 55

1/ Exclusive of area of flood plain inundated by floodwater retarding

structure pools.

2/ 1Includes area subject to overflow on Rosillo Creek and Beitel Creek

for which no structural control is planned.



1/

Area Inundated —

: Average Recurrence Interval
Evaluation: 2 Year : 10 Year : 25 Year : 100 Year
Reach . Without: With : Without: With : Without: With : Without: With
(Plate 1): Project: Project: Project: Project: Project: Project: Project:Project
(acres) (acres) (acres) (acres) (acres) (acres) (acres) (acres)

A 114 40 453 108 972 114 1,376 224
B 198 59 597 143 768 157 878 279
C 123 4 321 76 308 64 405 168
D 229 103 523 179 646 204 781 259
E 15 0 41 8 34 13 88 18
F 87 37 19§ 65 245 68 281 76
G 57 0 333 0 383 0 412 16
H 429 0 955 0 1,059 0 1,197 58
I 228 86 335 112 416 124 498 134
Subtotal 1,480 349 3,757 691 4,851 744 5,916 1,232
x 2/ 586 574 756 745 816 808 903 892
Y 2/ 220 210 322 315 67 363 379 374
Total 2,286 1,133 4,835 1,751 6,034 1,915 7,198 2,498

1/ Exclusive of area of flood plain in floodwater retarding structure pools.

2/ 1Includes area subject to overflow on Rosillo Creek and Beitel Creek for
which no structural control is planned.

Landowners and developers in the urban area of San Antonio say that if ade-
quate flood protection is provided they will be able to convert some rela-
tively large blocks of land now idle or in low value agricultural use to
high value residential and industrial sites. Opportunities will exist for
development of other smaller, scattered areas but lack of utility service

may hinder development of these areas, so they are not included in the areas
on which enhancement benefits were evaluated. It is conservatively estimated
that 494 acres will be devoted to urban development following the installa-
tion of the proposed works of improvement for flood prevention and watershed
protection. All of this land lies below the elevation limits for develop-
ment as now established by the City of San Antonio Planning Commission.

These limits are approximately at the elevations that mark the area inundated




by the 100-year flood under present conditions. It is expected that the
Planning Commission will continue to discourage large scale development in
areas of comparable hazard after the project has been installed. The 4%
acres described above and shown in green on Plate 3 all lie above the
elevation of flood waters resulting from a 100-year frequency flood event
after the project is installed. The outline of areas inundated by a 100-
year frequency flood and elevations of flood water at selected locations for
a 100-year frequency flood and the flood of 1946 are shown for without and

with project conditions on Plate 3.

Analysis of information collected indicated that no significant changes would
be made in the use of agricultural land within the flood plain, either in the
form of restoration of former productivity or in more intensive use. Condi-
tions other than frequent flooding are responsible for the rather low intensity
of agricultural use on much of the flood plain.

Benefits will accrue to the planned structural measures in the watershed from
reduction of floodwater damages on the mainstem flood plain of the San Antonio
River below its confluence with Salado Creek. The project will provide
considerable reduction in flood peaks on the mainstem of the San Antonio River
immediately below the mouth of Salado Creek from flows originating within the

project area.

Additional incidental water management benefits will result from the installa.
tion of floodwater retarding structure numbers 3, 4, 5, 6, 8,9,10,11, 12, and
13. It is estimated that these structures, which are located on the Edwards
outcrop, will increase the ground-water recharge into the Edwards and associat-
ed limestones by an average of 3,000 acre-feet annually during the evaluation

period.
PROJECT BENEFITS

The estimated average annual monetary floodwater, sediment, erosion and
indirect damages (table 5) within the watershed will be reduced from

$82,538 to $12,038 by the proposed project. This is a reduction of 85
percent, 99 percent of which will result from the system of floodwater

retarding structures.

Reduction in area inundated and monetary flood damages vary with respect to
location within the watershed. For instance, along evaluation Reach D
damageable values begin at a low elevation. Consequently, even with the
planned works of improvement in place, runoff from the uncontrolled areas
will 1imit the reduction in damage, to some extent, at the two-year or less
frequency of occurrence. Properties in this evaluation reach that will be
damaged after the project has been installed comsist, in the main, of parks
and other recreation facilities. The general locations of damage reduction
benefits attributed to the combined program of land treatment and structural
measures are presented in the following tabulations:
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Average Annual Damage
' Evaluation : : Without With
Reach : Project Project :Reduction
(Plate 1) Location : 1/ 1/
' (dollars) (dollars) (percent)
A Salado Creek-Bottom of Watershed
to Rosillo Creek (Cross Section
. 13 and R-1) 4,445 428 90
B Rosillo Creek to U. 8. Highway
l No. 87 15,127 947 94
C U. 8. Highway No. 87 to U. 8.
' Highway No. 90 12,190 371 97
D U. §. Highway No. 90 to Rittiman
' Road (Cross Section 58) 13,586 2,098 85
E Rittiman Road to U. 8. Highway
No. 81 (Cross Section 58 to 65) 2,700 209 92
i F U. S. Highway No. 8l to
Nacogdoches Road {Cross Section
' 65 to 71) 11,611 499 96
G Nacogdoches Koad to Mud Creek
confluence (Cross Section 71 to
' 81) 1,483 79 95
H Salado Creek and Tributaries
' above Mud Creek 8,082 141 98
I Mud Creek and Tributaries 6,332 687 89
' Subtotal 75,556 5,459 93
X Rosillo Creek 2/ 5,438 5,130 6
. Y Beitel Creek 2/ 1,544 1,449 6
Total 82,538 12,038 85
I 1/ Based on long-term prices.
2/ 1Includes damages on Rosillo Creek and Beitel Creek for which no
' structural control is planned.



Direct Monetary Floodwater Damage

Average Recurrence Interval

Evaluation: 2 Year 10 Year : 25 Year : 100 Year

Reach : Without : With : Without : With : Without : With :Without: With
(Plate 1) : Project :Project : Project : Project : Project : Project:Project:Projec:

(dollars) (dollars) (dollars) (dollars) (dollars) (dollars) (dollars) (dols..

A 564 123 2,531 327 17,617 334 51,793 813
B 1,868 282 30,426 961 sé,413 1,315 75,563 3,313
C 1,289 80 22,710 633 41,800 1,155 78,845 2,825
D 4,206 1,034 21,550 2,787 30,380 3,576 52,413 5,140
E 1,215 0 4,160 460 5,300 705 10,636 1,675
F 3,311 228 12,438 807 33,001 1,265 97,322 2,186
G 403 37 3,231 89 4,199 116 5,180 177
H 5,127 35 18,932 355 21,880 555 23,812 877
I 4,459 217 9,327 406 11,849 680 13,332 1,215
Subtotal 22,442 2,036 125,305 6,825 222,439 9,701 408,896 18,221
X 1/ 3,779 3,556 8,727 8,369 10,746 10,441 14,526 14,077
Y 1/ 978 877 3,123 3,008 4,025 3,953 4,513 4,469
Total 27,199 6,469 137,155 18,202 237,210 24,095 427,935 36,767

1/ Includes damages on Rosillo Creek and Beitel Creek for which no structural
control is planned.

It is estimated that the net increase in income from the lands being converted
to urban use will amount to $58,746 (at long-term price levels) annually.

Benefits averaging $8,401 annually will accrue to the planmned structural
measures from reduction of floodwater damages on the mainstem flood plain of
the San Antonio River below its confluence with Salado Creek.

The monetary value of the incidental ground-water recharge is estimated to be
$21,000 annually.

The total flood prevention benefits as a result of structural measures are
estimated to be $158,244 annually. In addition to the direct monetary
benefits, there are other substantial benefits which will accrue from the
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project such as an increased sense of security, better living conditions and
improved wildlife conditions. None of these additional benefits were evalu-
ated in monetary terms nor have they been used for project justification.

COMPARISON OF BENEFITS AND COSTS

Since the structural measures are above a rapidly growing urban area, the
structure design and the costs and benefits are all based on a 100-year
period. The average annual cost of the structural measures (converted from
total installation cost, plus operationms and maintenance) is estimated to
be $123,413. The structural measures are expected to produce average
annual benefits of $158,244, or $1.28 for each dollar of cost (table 6).

PROJECT INSTALLATION

Land Treatment Measures

The land treatment measures, itemized in table 1, will be established on
non-Federal land by farmers and ranchers over a >-year period in cooperation
with the Alamo Soil Conservation District, which is giving technical assist-
ance in the planning and application of these measures under its going
program. This assistance will be accelerated with Public Law 566 funds to
assure application of the planned measures within the 5-year project instal-
lation period. A standard soil survey has been completed for the watershed.

Land treatment measures planned for Federally-owned land will be established
on Camp Bullis Military Reservation by the Fourth Army and on Camp Stanley
by the lessee of the agricultural land in cooperation with the Alamo Soil

Conservation District.

The governing body of the Alamo Soil Comservation District will assume
aggressive leadership in getting an accelerated land treatment program
underway. The landowners and operators within the watershed will be
encouraged to apply and maintain soil and water conservation measures omn
their farms and ranches. District-owned equipment will be made available

to the landowners and operators in accordance with existing arrangements for
equipment usage in the district. The Soil Conservation Service will provide
additional technical assistance to the Alamo Soil Comservation District to
assist landowners and operators cooperating with the district in accelerat-
ing the planning and application of soil, plant, and water conservation

measures.

The soil and water conservation loan program of the Farmers Home Administra-
tion is available to all eligible farmers and ranchers in the area. Educa-
tional meetings will be held in cooperation with other agencies to outline
the services available and eligibility requirements. Present FHA clients
will be encouraged to cooperate in the program.

The County Agricultural Stabilization and Conservation committee will
cooperate with the governing body of the soil conservation district by
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providing financial assistance for those ACPS practices which will accomplish
the conservation objectives in the shortest possible time.

The Extension Service will assist with the educational phase of the program
by conducting general information and local farm meetings, prepare radio,
television, and press releases, and using other methods of getting informa-
tion to landowners and operators in the watershed. This activity will help
to get the project for watershed protection carried out.

Structural Measures

The San Antonio River Authority has the right of eminent domain by virtue of
applicable State law and has the financial resources to fulfill its responsi-

bilities.

The River Authority will:

1. Obtain the necessary land easements, and rights-of-way and
permits to be dedicated to the San Antonio River Authority.

2. Provide for the relocation or modification of utility lines
and systems, roads, and privately-owned improvements;

3, Provide the necessary legal, administrative and clerical
personnel, facilities, supplies, and equipment to advertise,
award, and administer contracts;

4. Determine the legal adequacy of the easements and permits
for construction; and

5. Be the contracting agency, and let and service all contracts.

The Alamo Soil Conservation District will represent the San Antonio River
Authority in all transactions with individual landowners.

The River Authority, with the assistance of the City of San Antonio, will:

1. Relocate or make adjustments for affected roads and bridges
within the city limits of San Antonio; and

2. Provide for the necessary improvements of low-water
crossings on streets and private or public roads within
the city limits of San Antonloc to make them passable during
prolonged release flows from the structures or obtain per-
mission to inundate such city streets and private or public
roads where equal alternate routes are designated for use

during periods of inundation.
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The River Authority, with the assistance of the Bexar County Commissioners'
Court, will:

1. Relocate or make adjustments for affected roads and bridges
outside the limits of the city of San Antonio; and

2. TProvide for the necessary improvements of low-water
crossings on private or public roads outside the limits
of the city of San Antonio to make them passable during
prolonged release flows from the structures or obtain
permission to inundate such private or public roads where
equal alternate routes are designated for use during
periods of inundation.

Floodwater retarding structures Number 1, 2, and a portion of Number 4 are
located on the Camp Bullis Military Reservation. The sponsoring local
organization will enter into a written cooperative agreement with the
Department of Army, which will provide for land easements and rights-of-
way for works of improvement located on Camp Bullis Military Reservation
and will submit pertiment information to the Department of Army for review
and concurrence prior to entering into contract for construction. Close
working relations have been maintained between the sponsors and the local
representatives of the Department of Army and it is indicated that the
installation of works of improvement proposed on Camp Bullis Military
Reservation will be acceptable.

Technical assistance will be provided by the Soil Conservation Service in
preparation of plans and specifications, supervision of construection,
preparation of contract payment estimates, final inspection, execution of
certificates of completion, and related tasks necessary to install the
planned structural measures for flood prevention.

The 16 floodwater retarding structures will be comstructed during the 5-year
project period in the general sequence of Sites 1, 2, 8, 9, 11, 12, 10, 4,
5, 6, 7, 13, 14, 16, 15, and 3

FINANCING PROJECT INSTALLATION

Federal assistance for carrying out the works of improvement as described
in this work plan will be provided under the authority of the Watershed
Protection and Flood Prevention Act (Public Law 566, 83rd Congress; 68 Stat.

666), as amended.

Tn 1951 the voters of Bexar County approved a tax rate of 15 cents on each
$100 of assessed county valuations to be levied and collected annually by
the Commissioners' Court of Bexar County. By contract between the San
Antonio River Authority and the Commissioners' Court the net proceeds of
this 15-cent tax are to be paid over to the River Authority until the year
2000 as a revenue with which to carry out flood control and soil conserva-
tion work in Bexar County. The River Authority has authority to sell
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12 million dollars in Revenue Bonds secured by revenue from the County contract.
Bond funds will be available and adequate for the River Authority's share of

those costs to be borne by local interests.

The sponsoring local organizations do not plan to use the loan facilities of
the Act.

The structural measures will be constructed during a 5-year installation
period pursuant to the following conditions:

1. The requirements for land treatment in the drainage area
above the floodwater retarding structures have been
gatisfied.

2. All land easements and rights-of-way have been obtained for
all structural measures or a written statement is furnished
by the San Antonilo River Authority that its right of eminent
domain will be used if needed, to secure any remaining land
easements and rights-of-way within the project installation
period and that sufficient funds are available for paying

for those land rights.

3. Court orders have been obtained from the Bexar County
Commissioners Court to temporarily impound water against
the road bed of Bitters Road by floodwater retarding
structure Number 7 and Jones-Maltsherger Road by floodwater
retarding structure Number 14.

L. Provisions have been made for improving low-water crossings
on public roads and city streets or court orders or city
council orders and necessary permits obtained granting
permission to temporarily inundate the low-water crossings
on roads and streets, provided equal alternate routes are
available for use by all people concerned, during periods
when these crossings are impassable due to prolonged flow
from the principal spillways of the floodwater retarding
structures. If equal alternate routes are not available,
the provisions will specify that necessary improvements will
be made, at no cost to the Federal Government, O make the
crossings passable during prolonged periods of release flows

from the structures.

5. Utilities have been relocated or permission has been obtained
to inundate the utilities involved.

6. The contracting agency is prepared to discharge its responsi-
bilitcies.

7. The project agreements have been executed.
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8. Operation and maintenance agreements have been executed.

9. Public Law 566 funds are available.

The various features of cooperation between the cooperating parties have been
covered in appropriate memoranda of understanding and working agreements.

PROVISIONS FOR OPERATION AND MAINTENANCE

Land Treatment Measures

Land treatment measures on privately-owned and leased Federally-owned lands
will be maintained by landowners and operators of the farms and ranches on
which the measures are applied under agreements with the Alamo Soil Conser-
vation District. Land treatment measures on Camp Bullis Military Reserva-
tion will be maintained by the Fourth Army under agreement with the Alamo
Soil Conservation District. Representatives of the soil comservation
district will make periodic inspections of the land treatment measures to
determine maintenance needs and encourage landowners and operators to per-
form maintenance. They will make district-owned equipment available for
this purpose in accordance with existing arrangements for equipment usage

in the district.

Structural Measures

The 16 floodwater retarding structures will be operated and maintained by
the San Antonio River Authority.

On October 17, 1961, the voters of Bexar County approved a tax rate of 2
cents on each $100 of assessed county valuations to be levied annually by
the San Antonio River Authority and collected by the Bexar County Tax
Assessor-Collector, starting in the 1962 county tax year. The statute
governing the use of the proceeds of this tax provides:

" .. 1t is likewise the intent of this Act that any taxes thus
collected may be used to pay for the operation, repair and/or

maintenance of any flood control, soil conservation, watershed
protection and/or erosion structures or works of improvement
constructed in cooperation with the Federal Government oWt

The estimated average annual cost of operation and maintenance of all struc-
tural measures is $3,200. Based on 1961 assessments, the annual yield from
the 2-cent tax will be approximately $88,000, out of which the River Autho-

rity will budget and make available funds adequate for such operation and

maintenance.

The floodwater retarding structures will be ingpected at least annually and
after each heavy rain by representatives of the San Antonio River Authority
and the Alamo Soil Conservation District. A Soil Conservation Service
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representative will participate in these inspections at least annually, and
will furnish technical guidance and information necessary for the operation
and maintenance program. Items of inspection will include, but will not be
limited to, the condition of the principal spillway and its appurtenances,
the emergency spillway, the earth fill, the vegetative cover of the earth
£111 and the emergency spillway, and fences and gates installed as part of
the floodwater retarding structures.

Provision will be made for free accesg of representatives of the sponsoring
local organizations and Federal agencies to inspect and provide maintenance
for structural measures and their appurtenances at any time.

The sponsoring local organizations will maintain a record of all mainte-
nance inspections made and maintenance performed and have it available for

inspection by Soil Conservation Service personnel.

The sponsoring local organizations fully understand their cbligations for
maintenance and will execute specific maintenance agreements prior to the
igsuance of invitation to bid on the construction of the structural measures.

The necessary maintenance work will be accomplished either by contract,
force account, or equipment available to or owned by the San Antonio River

Authority.
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TABLE 5 - ESTIMATED AVERAGE ANNUAL FLOOD DAMAGE REDUCTION BENEFITS

Salado Creek Watershed, Texas

(Dollars) 1/

Estimated Average

March 1962

: Annual Damage : Damage
' Item : Without : With : Reduction
Project : Project : Benefit
. Floodwater
Crop and Pasture 5,138 2,260 2,878
Other Agricultural 7,432 3,326 4,106
Nonagricultural
Urban 37,933 1,393 36,540
Transportation 14,651 2,253 12,398
Other 1,205 35 1,170
i Subtotal 66,359 9,267 57,092
' Sediment
Overbank Deposition 1,956 494 1,462
' Erosion
' Flood Plain Scour 1,939 850 1,089
Indirect 12,284 1,427 10,857
l Total 82,538 12,038 70,500
l 1/ Price Base: Long-term prices as projected by ARS, September 1957.
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INVESTIGATIONS AND ANALYSES

Project Formulation

Land Treatment Measures

The status of land treatment measures for the watershed was developed by the
Alamo Soil Conservatjon District assisted by persomnel from the Soil Conser-
vation Service at San Antonio. Conservation needs data were compiled from
existing conservation plans within the watershed and expanded to represent
the conservation needs of the entire watershed. The quantity of each land
treatment practice which contributes directly to watershed protection and
flood prevention that will be applied during the 5-year installation period
was estimated (table 1). The hydraulic, hydrologic, sedimentation and
economic investigations provided data as to the effects of these measures in
terms of the reduction of flood damages. Although measurable benefits would
result from application of these needed land treatment measures, it was
apparent that other flood prevention measures would be required to attain the
degree of watershed protection and flood damage reduction desired by the

local people,

Structural Measures

Structural measures for flood prevention needed to attain the project objec-
tives were then determined. The study made and the procedures used in that

determination were as follows:

1. A base map of the watershed was prepared to show watershed
boundary, drainage pattern, system of roads and railroads,
and other pertinent information.

2. A study of aerial photographs supplemented by field examination
indicated the limits of flood plain subject to flood damage.

3. All probable sites for floodwater retarding structures
were located by study of U. §. Geological Survey and Army
Map Service topographic maps, stereoscopic photo study,
and field examination. §Sites for which it was apparent
that sufficient storage capacities could not be developed
were dropped from further consideration. A watershed map
was used to show locations of all structure sites that
could possibly be used in alternate systems to meet the
project objectives. This map was submitted to the sponsor-
ing local organizations who provided data on ownership of
land apparently involved in each site location, The sponsor-
ing local organizations also provided estimates on values of
easements involved in each site. Based on apparent physical,
economic, and easement feasibility, the Service and sponsoring
local organizations agreed that 18 possible sites for flood-
water retarding structures would be investigated. Out of the
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18 sites, a system of 14 sites was first investigated and deter-
mined to be economically feasible.

After a review of these locations by the sponsoring local
organizations, they requested that an alternate system, to
include 16 structures, be investigated. This investigation
was made and it was determined that the alternate system
including 16 structures would provide the same level of
protection and that the installation cost compared favorable

with the original system.

It was necessary to plan a number of sites In series due to the
limitation of available storage and/or lack of adequate fill
material at many locations.

A topographic map was made of the pool, dam, and emergency
spillway areas of the probable sites. These surveys provided
the necessary information to determine if the required sediment
and floodwater detention storage could be obtained, the limit
of the pool areas, estimate of all iInstallation cost, and the
most economical design for each structure, The sediment and
floodwater storage requirements, structure classification, and
principal and emergency spillway layout and design meet or
exceed criteria outlined in Engineering Memorandum SCS-27 and
Texas State Manual Supplement 2441,

The structure classification, floodwater detention required and
actual floodwater detention planned for all structures are
shown in the following table:

: : Actual
Structure : Structure : Floodwater : Floodwater

Number : Classification : Detention : Detention
: :  Required 1/ : Planned

(inches) (inches)
1 C 6.39 6.39
2 C 6.55 6.55
3 C 6.49 6.49
4 C 6.44 6.44
5 C 6.45 6.45
6 C 6.55 6.55
7 C 7.60 7.60
8 C 6.48 6.48
9 C 6.85 6.85
10 C 7.24 7.24
11 C 7.16 7.16
12 c 6.72 6.72
13 C 7.39 7.39
14 C 6.75 6.75
15 C 6.83 6.83
16 C 6.36 6.36

1/ For Class C structures: 100-year frequency based on regional

analysis of gaged runoff.
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To determine the most economical design of the floodwater retard-
ing structures in series consideration was given to costs to be
encountered because of rock excavation in emergency spillways

and the limited availability of embankment fill materifal.
Multiple routings of freeboard hydrographs were made for all
sites and series of sites to determine the spillway proportion
and height of dam which would result in the most economical

and feasible design of the structures in series.

Plans of a floodwater retarding structure, typical of those
planned for the watershed, are illustrated by plates 4 and 4A.

A detailed investigation was made of state, county, and farm
roads and city streets having low water crossings on streams
below the floodwater retarding structures. Where there are no
equal alternate routes, the improvements required to provide
passage during periods of prolonged floodwater release from the
structures were determined.

The local sponsoring organizations or other interests did not
desire to incorporate additional water storage for any agricul-

tural or nonagricultural purposes.

Structure data tables were developed to show for each structure,
the drainage area, the capacity needed for floodwater detention
and for sediment storage in acre-feet snd in inches of runoff
from the drainage area, the release rate of the principal
spillway, acres inundated by the sediment and detention pools,
the volume of fill in the dam, the estimated cost of the
structure, and other pertinent data (tables 2 and 3).

Damages resulting from floodwater, sediment, and flood plain
erosion were determined from damage schedules, surveys of
sample areas, and flood routings under present conditions.
Reductions in these damages resulting from the proposed works
of improvement were estimated on the basis of reduction in
sediment yields and reduction of peak discharges as determined
by flood routings under future conditions for which it was
assumed that the proposed works of improvement had been
installed. Benefits so determined were allocated to indivi-
dual measures or groups of interrelated measures, on the basis
of the effects of each on reduction of damages. In this manner
it was determined that floodwater retarding structures could

be economically justified. Alternate sites were investigated until
the most economical and feasible system of floodwater retarding
structures was developed which would provide the degree of
protection desired by the sponsoring local organizations and
meet the requirements of the Watershed Protection Handbook.
This system consisted of 16 interrelated floodwater retarding
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structures necessary to provide the desired degree of protection
for the urban area of San Antonio.

When the structural measures for flood prevention had been determined, a
table was developed to show the cost of the measures (table 2). The summa-
tion of the total costs for all works of improvement represented the
estimated cost of the planned watershed protection and flood prevention
project (table 1). A second cost table was developed to show separately the
annual installation cost, annual maintenance cost, and total annual cost of
the structural measures (table 4).

Hydraulic and Hydrologic Investigations

The following steps were taken as a part of the hydrologic investigations
and determinations: :

1. Basic meteorologic and hydrologic data were tabulated from
Climatological Bulletins, U. 8. Weather Bureau and Water
Supply Papers, U. S. Geological Survey. These data were
analyzed to determine average precipitation depth-duration
relationships, the relationship of geology, soils, and
climate to runoff depth for single storm events, and the
runoff-peak discharge relationship.

2. In selecting the location of valley sections in the water-
shed both agricultural and urban areas were considered.
As a large portion of the flood plain is in urban use,
special consideration was given to the location of these
urban valley sections by the hydrologist and economist.
Sections were selected to determine the effects of various
frequency storms at specific locations. These locations
included areas of existing and future housing and industrial
development, golf courses, highways and streets, and Fort
Sam Houston Military Reservation where future housing and

schools are being planned.

3. Valley cross section rating curves were developed from field
survey data collected in 2, above, by solving water surface
profiles for various discharges. Computations of the water
surface profiles were made by the use of the IBM 650 computer.
Data thus developed included peak discharge-area inundated
relationships at various elevations for each valley section

considered.

4. Hydrologic conditions of the watershed were determined by
considering such factors as climate, geology, topography,
soils, land use, and vegetative cover. From this, soil-
cover complex data were assembled, and rainfall-runoff
relationships were computed for use in determining the runoff
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from various frequency storms. These computations compared favor-
ably with the best available gaged runoff data on similar water-

sheds.

Technical Paper No. 25, U. S. Weather Bureau was used to obtain
the rainfall depth frequency for various durations. The storm
pattern (figure 1) was arranged where the first 3 hours would
have an intensity equal to the 24-hour average intensity. The
next 6 hours were arranged to have an intensity equal to the 6-
hour average intensity and the remaining 15 hours was considered
to be uniform until the 24-hour volume was reached. This arrange-
ment would throw the high intensity portion of the rain to fall
during the time the flood wave would be traveling through the
damageable area. This pattern also compares favorably with the
1946 storm (figure 2) and follows the general shape of flood-
producing storms in the area.

An isohyetal map of the September 1946 storm (figure 3) was
extracted from figure 3 of U. S. Geological Survey Circular

No. 32.

Unit hydrographs were developed for incremental areas using unit
peaks from the Plum Creek gage for Blackland Prairies Land
Resource Area, and unit peaks from reports made by Corps of
Engineers on small watersheds near San Antonio for the Edwards
Plateau Land Resource Area and the transition area above the
Blackland Prairie (figure 4). These unit hydrographs were
adjusted and used to develop composite hydrographs (Hydrology
Memorandum EWP-1, Fort Worth, Texas) of the runoff produced by
the 1946 storm that, when routed, checked favorably with high
water marks of the 1946 flood. The following table shows this
comparison at typical valley cross sections:

1946 (Observed) : 1946 (Routed from Hydrograph)
Valley : High Water : Peak : High Water : Peak
Section : Elevation : Discharge : Elevation : Discharge
71 718.9 32,400 718.9 32,400 1/
59 672.1 35,600 672.2 35,800
30 594.5 36,000 594.4 35,800
10 536.6 44,000 535.5 43,400
8 524.0 42,900 524.2 43,400
1/ Unit hydrograph adjusted to reproduce observed stage of 1946

flood.

The storage indication method of flood routing (Goodrich-Wesler)
was used from VS-71 (Nacogdoches Road) to the mouth of Salado
Creek (Evaluation Reaches A, B, C, D, E, and F) to determine
peak discharges for the 1946 flood and for the 100- 25- 10- and
2-year frequency storm events for present conditioms and with
land treatment and structures installed.
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Stage-area inundation curves were developed from field survey
data for each portion of the valley represented by a cross
section in agricultural Reaches G, B, I, X, and Y (Plate 1).
Area inundated, by incremental depths of flooding, was developed
for these reaches by routing volumes of runoff for selected
frequencies using the peak discharge-volume relationship.
Relationships between frequency-stage-damage were developed

for the urban area represented by evaluation Reaches A, B, C, D,

E, and F.

To meet the minimum requirements for level of protection for
urban areas, as set forth in the Watershed Protection Handbook,
the works of improvement should provide protection against
major damages resulting from a recurrence of the largest storm
of record or from one of 100-year frequency, whichever is
greater. The runoff from the 100-year frequency storm was
used to determine the detention storage volume in all flood-
water retarding structures. This amount, when reduced by the
volume which will be released through the principal spillway
during a 2-day perlod, ranges from 6.36 to 7.60 inches of
runoff, depending on size of drainage area and soil-cover
complex, and is based on a regional analysis of gaged runoff.

The maximum release rates for the principal spillways of the
floodwater retarding structures were determined by a detailed
study of the stream channel and the effect of release rates on
design of the structures. The maximum release rate will be

10 ¢.s.m. for all structures.

The appropriate emergency spillway design storm was selected
from the chart "Minimum Six-Hour Precipitation (inches) for
Developing the Emergency Spillway Hydrograph for Class (c)
Structures", U. S. Soil Conservation Service, December 1960.
The appropriate freeboard spillway design storm was selected
from Chart 50, U. §. Department of Commerce, Weather Bureau,

Technical Paper No. 40.

Emergency spillway capacities were designed in accordance with
Texas State Manual Supplement 2441; Engineering Memorandum
§CS-27; Engineering Memorandum SCS-31 (Rev.); Engineering
Memorandum SCS-43: Technical Release No. 2 (Tentative)
Washington Design Section, dated October 1, 1956; Supplement

A to Tentative Technical Release No. 2, dated May 13, 1957;
8CS TP-61, Handbook of Channel Design for Soil and Water
Conservation; and Section 3.21 NEH, Section 4.

Sedimentation Investigations

Sedimentation investigations for the work plan were made in accordance
with procedures as outlined in Watershed Memorandum EWP-7,
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"Sedimentation Investigations in Work Plan Development', August 21, 1959,
Fort Worth, Texas.

Sediment Source Studies

Sediment source studies to determine the 100-year sediment storage require-
ments were made in the drainage areas of the 16 planned floodwater retarding

structures according to the following procedures:

1,

Detailed investigations were made in the drailnage areas above
8 of the planned floodwater retarding structures. Estimates
of sediment rates were made for the remaining 8 planned
gtructures based on similarity of these drainage areas to
areas which had been surveyed in detail,.

Field surveys for detailed investigations included:

a, Mapping soil units by slope in percent, slope length,
present land use, present cover condition classes on
rangeland, present land treatment on cultivated land,

and land capability classes.

b. Determining length, widths, depths, and estimating the
annual lateral erosion on all gullies and stream
channels affected by erosion.

Office computations included summarizing erosion by sources
(sheet, gully, and streambank) in order to fit these data
into formulas for computation of the annual gross erosion.

Estimating the annual gross erosion in the drainage areas
above the remaining 8 planned structures not surveyed in
detail consisted of mapping the land use and the preparation
of sediment source summary sheets based on the similarity of
solls, topography, and land use in these drainage areas to
the ones investigated in detail.

Sediment rates for structures were determined by adjusting
annual gross erosion for expected delivery rates and trap

efficiency.

Storage to be made available by excavation of borrow of
sediment and detention pools has been used in providing the
100-year sediment storage requirements.

Flood Plain Sedimentation and Scour Damages

The following sedimentation and scour damage investigations were made to
determine the nature and extent of physical damage to flood plain land:
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1. Borings with a hand auger were made along valley cross sections
(Plate 1) to determine soil conditions and the depth and texture
of sediment deposits. Scour channels, sheet scour areas, stream
channel degradation or aggradation, and other pertinent factors
contributing to flood plain damages were recorded.

2. The elevation of the original flood plain before modern deposi-
tion began was estimated for each valley section,

3. Estimates of past physical flood plain damage were obtained
through interviews with landowners and operators.

4. A damage table was developed to show percent damage by texture
and depth increment for depesition and by deptk and width for

scour.

5. The depths and widths of modern alluvial deposits and scour areas
were measured and tabulated.

6. The damage areas were grouped by segments, and the area for each
depth increment of deposition and scour was computed within each

segment.

assessed, by percent, for each category of damage. Due considera-
tion was given to the agronomic and other land treatment practices,
soils, crop yields, and land capabilities in assigning damage

categories.

8. The sedimentation and scour damages were summarized by evaluation
reaches for tke entire flood plain and adjusted for recoverability
of productive capacity. Estimates for recoverability of productive
capacity were developed from field studies and interviews with

farmers.

8. Using average annual erosion rates as a basis, the average annual
sediment yields at selected valley sections along the flood plain
were estimated for present conditions and with the project
installed. The restlts were compared to show the average reduc-
tion of sediment load contributing to overbank deposition. The
reduction of damage from overbank deposition is based on this
reduction of sediment load and reduction of area inundated by
floodwater. The reduction of scour damage due to the installa-
tion of the project is based on reduction of depth and area
inundated by floodwater,

Geologic Investigations

Preliminary geologic investigations wetre made at each of the floodwater

I 7. The damage to the productive capacity of the flood plain was
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retarding structure sites to obtain information on the nature and extent of
embankment materials and emergency spillway excavation that will be encount-
ered in construction. These investigations included surface observations

of valley slopes, alluvium, channel banks, and exposed geologic formations;
seismic investigations; and hand auger borings. In addition, more detailed
investigations with core drilling equipment and a dozer were made at Sites

4, 13, and 14 which were considered to represent the most severe construc-
tion problems to be encountered. Several test borings were made at locations
where previous seismic tests had been made to determine depth of soil in
borrow areas. Rock coring was done in emergency spillways to determine
accurately the volume of rock excavation. The test borings compared favor-
ably with information obtained from seismic tests. The findings of prelimi-
nary geologic investigations were used in making cost estimates of structures.

Description of Problems

Predominant formations which crop out at dam sites in the watershed are the
Glen Rose, Edwards, Eagle Ford, Austin, and Anachacho of the Cretaceous
system, and Recent flood plain alluvial deposits. Other formations, such
as the Georgetown, Grayson, and Buda are present in site vicinities but in
small outcrop areas.

The Glen Rose formation consists of moderately resistant, massive, chalky
limestone alternating with beds of less resistant marly limestone. Sites
No. 1 and 2 are located on the Glen Rose outcrop. Considerable rock
excavation is anticipated in emergency spillways, the preliminary
estimates being 50 percent of the total emergency spilllway excavation

for Site No. 1, and 75 percent for Site No. 2. Other problems include

the possibility of cavernous conditions in the foundations and scarcity

of embankment materials necessitating long hauls. The soils, as classified
in accordance with the Unified Soil Classification System, are CL, CH, and
GC.

The Edwards formation consists mainly of dense, massive limestone and
dolomite containing many solutional cavities ranging from minute openings
to caverns. Sites No. 3, 4, 5, 6, 8, 9,10,11,12,and 13 are located on
the Edwards outcrop. Preliminary estimates of rock excavation in
emergency spillways range from 0 to 100 percent and average 80 percent
for these 10 sites. Other problems include: caverns and fractures in
foundations and abutments which will require grouting; scarcity of
embankment materjals causing hauls of 2,000 to 4,000 feet and the
difficulty of keying into hard limestone in the abutments and founda-
tions. The rock excavated from emergency spillways will be suitable for
use as rock blanket or riprap. The soils are primarily CL and GC.

The Eagle Ford formation consists chiefly of flaggy calcareous shale
interbedded with hard limestone. The foundation of Site 14 is located on
alluvium, ranging from 10 to 20 feet in thickness over Eagle Ford shale.
Sufficient volume of suitable soils for embankment purposes are available
within the sediment pool area and are primarily CL, GC, and GP.
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The Austin formation consists of hard thin-bedded limestone and soft chalky
limestone. Site:7 and the emergency spillways of Site 14 are located on the
Austin outcrop. The preliminary estimates of rock excavation in emergency
spillways is 50 percent for Site 7 and 60 percent for Site l4. Sufficient
volume of suitable soils for embankment purposes are available at Site 7
within a short distance of the dam site. The soils are primarily CL, GP,

and GC.

The Anachacho formation consists of brittle marly limestone with beds of
marl or clay. Sites 15 and 16 are located on the Anachacho outcrop. The
preliminary estimate of rock excavation in the emergency spillway of Site
15 is 17 percent. No rock excavation is expected in the emergency spill-
way of Site 16. - Materials for embankment are available in sufficient
quality and quantity within the sediment pool areas. The soils are primar-
ily CL at Site 16 and CL, GC, and GP at Site 15.

Recent deposits of gravel interbedded with gravelly clay, as much as 12
feet in thickness, overlie limestone and/or shale beds at Sites 7, 14,

and 15. The permeable condition may necessitate either foundation drain-
age or deep cutoff walls of slowly permeable material through the gravel to

the limestone or shale,

Detailed investigations, including exploration with core drilling equipment,
will be made at all sites prior to construction. Laboratory tests will be
made to determine the suitability and methods of handling embankment and

foundation materials.

Ground Water Recharge Investigation

Information waa acquired from recent publications on ground water studies
in the vicinity of the watershed 1/, and through conference with the
Ground Water Branch of the U. 8. Geological Survey at Austin, Texas, as
well as field studies.

Some pertinent facts considered while making ground water investigations
were:

1. Numerous joints and fractures in the Balcones Fault Zone
and porous beds in the Edwards and associated limestones
permit rapid infiltration of water into the Edwards ground
water reservoir. The porosity and permeability varies from
place to place, both horizontally and vertically, because of
the irregularity of solutional channels, joints, and fractures.

1/ "Ground-Water Geology of Bexar County, Texas”, Texas Board of Water
Engineers, Bulletin 5911, October 1959.

1/ "Ground-Water Resources of the San Antonio Area, Texas", Texas Board
of Water Engineers, Bulletin 5608, Vol. I, July 19356.
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The hydraulic gradient of the water table is to the southeast
from the area of the planned floodwater retarding structures
to the vicinity of the Comal County line where it turns to the
northeast through Comal County and into Hays County. In the
southeastern part of Bexar County the water in the Edwards and
aggociated limestones is highly mineralized, suggesting very
little subsurface movement toward the southeast although the
geologic strata dip in this direction. It is believed that
the greater veolume of water moves toward the northeast along
inter-connected sclutional cavities which have formed along
fractures that are associated with, and parallel to faults.

Estimates of ground water recharge in the watershed were made according to
the following procedures;

Investigations were made of the faults, joints, and cavities
within the pool areas of each floodwater retarding structure
site and along the stream channels crossing the Edwards out-
crop in the watershed. These investigations provided a basis
for comparison of recharge characteristics with Cibolo Creek,
on which ground water recharge data is available in Texas
Board of Water Engineers, Bulletins 5608 and 5911. Due to the
fact that there are fewer fractures, joints, and other open-
ings in the Salado Creek channels, the estimated annual volume
of recharge per unit of channel cross-gectional area is some-
what less than shown for Cibolo Creek.

Based on computed runoff and streamflow measurements in this
area and investigation of the recharge potential of the
watershed, it is estimated that approximately 12,000 acre-
feet are presently being recharged annually in the area
above floodwater retarding structure sites located on the
Edwards outcrop.

Structure Sites 3, 4, 5, 6, 8, 9, 10, 11, 12, and 13 are
located on the outcrop of the Edwards formatien. After
construction of these 10 structures, an increase in
recharge can be expected due to impoundment of water over
cavernous fault zones and sustained release flows in
channels crossing the Edwards outcrop. The sites were
grouped according to their apparent recharge potential,
and the amount of recharge which could be reasonably
expected was computed. This amounts to 16,000 acre-feet
annually or an additional 4,000 acre-feet due to installa-
tion of structural works of improvement for flood preven-

tion.

The rate of recharge is expected to decrease as the pools
fill with sediment. It is estimated that this will reduce
recharge creditable to floodwater retarding structures to




2,000 acre-feet annually, a reduction of 50 percent, by the end
of the 100-year project period.

Economic Investigation

Selection of Evaluation Reaches

Because of the diversity of damageable values and flood plain characteristics
the flood plain was divided into 11 evaluation reaches, see Plate 1. Of
these, five were primarily in the urban area of San Antonio.

Determination of Nonmagricultural Damages

Since the major floodwater damages in this watershed are to nonagricultural
property, the synthetic frequency method of analysis was used. Information
was collected in the field on damages experienced from floods that occurred
in 1946, 1957, 1958, and 1960. At the same time an evaluation was made of
the damages that would occur from a flood which could be expected on an
average of once in 100 years. High water marks from the experienced floods
ware used to determine peak stages which in turn were related to stages
calculated for the synthetic series and stage-damage curves were developed
to cover the range of damage producing floods. Average annual damages
under the present state of development were calculated for each evaluation

reach,

The field investigation showed that the value of urban residences and
industrial property in the flood plain had approximately doubled in the
past 15 years. Considerable areas remain where flooding is relatively
infrequent that will be developed even in the absence of a project. These
areas now have some development and are in small tracts so that they
probably will not attract large scale development. It is considered that
this type of development plus the normal improvements to developments
already in existence would cause the existing urban values to be doubled
during the first 50-years of the project life and to remain at this level
for the remainder of the 100-year project life. Therefore damage to the
existing development was increased by 43.57 percent to reflect the gradual
acerual of these values discounted to present worth.

Consideration was given to damage to roads and bridges. It can be expected
that even without a project many of the low water crossings will be replaced
by inexpensive type bridges. Some of these replacements are already planned.
Small floods will cause little or no damage to bridges of this type, but the
larger floods will cause more damage than would occur to low water cross-
ings. These factors were considered in the analysis of road and bridge

damage.

Flooding causes extensive detours to travel in this watershed. Relatively
small flows under existing conditions make the low water crossings unusable,
Even when many of these are replaced by bridges of the type mentioned in
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the preceding paragraph under present conditions it still will be necessary
for inhabitants of the watershed to detour to the main highway crossings

when going to and from work and school for f£loods which oceur on an average
of once every one to two years. In addition to the physical damage sustained
by golf courses and similar enterprises is the loss of fees while they are
out of operation. Most of the housing subject to flood damage is relatively
low value, therefore the indirect damages associated with residential flood-
ing will bear a higher than normal relationship to the direct damage. It

was calculated that indirect damages would be about one-fifth of the direct

damage.

Determination of Agricultural Damages

Agricultural damage estimates were based on schedules obtained in the field
covering approximately 55 percent of the agricultural flood plain. These
schedules covered land use, crop distribution, yields, and historical data

on flooding and flood damages.

In the caleculation of crop and pasture damage, expenses saved, such as the
cost of harvesting and other production inputs, were deducted from the
gross value of the damage. The flood plain land use was mapped in the
field. Estimates of normal flood-free yields were based on data obtained
from schedules, supplemented by information supplied by other agricultural
workers in the area and data from secondary sources. Information on other
agricultural damages, such as fences, livestock, and farm equipment was
obtained from schedules and correlated with size of floods.

The monetary value of the physical damage to the flood plsin from erosion
and from deposition of sediment was based on the net value of the produe-
tion lost, taking into account the time lag for recovery.

Important items of indirect agricultural damage are the interruptions of
travel or detours due to flooding, losses sustained through inability to
gain access to fields at optimum time for cultural operations, and
additional expense for care of livestock. It was estimated that indirect
damage to agricultural property would approximate 10 percent of the direct

damage .

Benefits from Reduction of Damage

Average annual damages within the watershed were calculated for conditions
without a project, with land treatment installed, and after instsllation
of the complete project. The difference between the demage after the
installation of a phase of the project and those before its installation
constituted the benefit from reduction of damage creditable to that phase.

Installation of this project will provide benefits downstream on the main-
stem of the San Antonio River. The flood prevention report on the San
Antonio River Basin supplied basic data for analysis of these benefits.
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Analysis of this report indicated that an average annual San Antonio River
benefit of $0.20 per acre-foot of detention capacity (at long-term prices)
could be credited to the Salado Creek watershed project.

Enhancement Type Benefits

Farmers were asked what changes they would make in their flood plain farming
operations if flood protection were provided. Analysis of their replies

in conjunction with other available information indicated that no signifi-
cant changes in their use of the flood plain could be expected to result
from the project., Had protection through structural measures been feasible
on Beitel and Rosillo Creeks doubtless some land use change benefits could
have been expected on the flood plains of these creeks but land treatment
alone would not cause sufficient reduction in flood frequency to affect
flood plain land use. The interest of the farmers, potentialities of the
flood plain, and other factors made more intensive agricultural use of the
Salado Creek flood plain very doubtful. Therefore no benefits were claimed
from restoration of former productivity or more intemsive agricultural use

of the flood plain.

These are several rather extensive presently undeveloped areas in the urban
area within the flood plain that would be inundated by the storm that could
be expected once in 100 years on an average under existing conditions but
which would be free of flooding under project conditions from a storm of
this size. A careful study was made of the trends in development and of

the availability of utilities such as sewer and water lines. Views of the
leading developers of nearby areas were obtained regarding the type of area
sought for development, the types of development most likely, and the
probable cost of development. Light industry, attracted partly by excellent
transportation facilities, is expanding rapidly in the metropolitan area near
San Antonio. TUndeveloped sections near Salado Creek will offer much more
convenient home sites for workers in these industries than would be afforded
by developments elsewhere and afford savings in transportation costs and
allow more leisure time. The areas also would fill a need for additional
development of light industry. The City Planning Commission was consulted
to obtain criteria on which permission would be granted for large scale
development. As a result of this analysis, 494 acres outlined in Plate 3
were considered for enhancement during a l5-year period. The annual

benefit in the form of the increased return to the land less development
expense was discounted to present worth and included as the urban enhance-
ment benefit in table 6. Other smaller areaa doubtless will be developed
but were not evaluated. These areas are exclusive of any areas on which
benefits from reduction of damage to future development without a project

have been claimed.

Incidental Benefits from Ground Water Recharge

Ground water recharge will occur incidental to the installation of flood-
water retarding structure numbers 3, 4, 5, 6, 8, 9, 10, 11, 12, and 13
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which are located on the Edwards Plateau. Flood prevention was the only
purpose considered in the location and design of these structures. No
additional costs are involved in obtaining recharge as it takes place
naturally when water covers the porous Edwards and associated limestone,
either in the pool areas of the structures or allowed to flow for longer
periods as it passes over the faulted stream channels as release flow

from the structures.

Wwhen the structures are installed it is estimated that the initial volume

of recharge will be 4,000 acre-feet annually. With the expected sediment

deposition in the structure pool areas it is estimated that the volume

of recharge will gradually decline to 2,000 acre-feet annually by the end

of the project evaluation period. This will result in an average recharge
of 3,000 acre-feet annually during the project period.

Investigations were made in an attempt to determine the areas of recovery
and probable use of the additional water made available by recharge. These
investigations indicated that because of the vastness of the Edwards aquifer
and its hydraulic gradient, generally to the northeast, areas of recovery
and purposes of use could not be predicted with any degree of certainty.
Undoubtedly some of the recharge will be recovered in the immediate area

of San Antonio where it will become increasingly important as needs in-
crease for municipal water but most of it will probably be recovered from
that portion of the Edwards underground reservolr between Bexar County

and the springs at San Marcos. Use of the water recovered from this area
will be largely for agriculture, recreation at Comal and other springs,
municipal use, and abatement of stream flow pollution. Some will be captured
by planned reservoirs downstream. Studies were made of data from U.S.G.S.,
the United States Study Commission - Texas, the Texas Board of Water Engi-
neers, the Bureau of Reclamation, and irrigation studies by Texas Agricul-
tural Experiment Station and Economic Research Service personnel. These
studies indicated that the value of water would be dependent upon its use
and generally would range upward from about $10 per acre-foot. In view

of uncertainties regarding probable uses and efficiency of recovery, the
value of ground water recharge was appraised at $7 per acre-foot. Total
annual benefits from this source were estimated to average $21,000.

Appraisal of Land and Easements Value

Areas that will be inundated by the sediment and detention pools of the
floodwater retarding structures were excluded from the damage calculations.
An estimate was made, however, of the value of the production that would

be lost in those areas after installation of the project. In this appraisal
it was considered that there would be no production in the sediment pools.
The land covered by the detention pools was assumed to be converted to
grassland under project conditions. The cost of land easements and rights-
of-way for the 16 floodwater retarding structures was determined by individual
appraisal in cooperation with representatives of the sponsoring local organ-
izations. The floodwater retarding structure site costs were based on
appraisals of the value of the easements with consideration given to the
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values that will remain after the land is devoted to project purposes. The
average annual net loss in production, based on long-term prices, within
the aites was calculated and this value compared with the amoritzed cost

of the structure sites. The larger amount was used in the economic evalua-
tion of the project to assure a conservative estimate.

Details of Methodology

The evaluation of flood damage was made by flood routing a synthetic

storm series. Details of the procedures used in the economic investiga-
tion under this method of evaluation are described in the Soil Conservation
Service Economic Guide for Watershed Protection and Flood Prevention, Dec-

ember 1958.

Fish and Wildlife Investigations

The following is a summary of a recomnaissance study made by the Bureau of
Sports Fisheries and Wildlife of the Fish and Wildlife Service, USDL, and
concurred in by the Texas Game and Fish Commission.

"Our reconnaissance study of the project for the Salado Creek
Watershed indicates that fish and wildlife resources generally
would be benefited by the watershed protection measures con-

templated.

"floodwater retarding structures with permanent pools would
offer opportunitiesfor fish and wildlife enhancement. Reduction
of floods would benefit ground-nesting species in the bottom
lands, and an increase in permanent water would provide an
opportunity to attract migratory waterfowl.

"It is recommended:

(1) That wildlife food and cover plantings be made around
floodwater retarding structures to improve wildlife
habitat.

(2) That sediment pools or conservation pools of floodwater
retarding structures be fenced to protect fish and
wildlife habitat. If water is to be used for livestock, a
pipe should be installed through the dam to a tank outside
the enclosure.

Other than the above, there are no particular measures that should be
incorporated into the project work plan to benefit fish and wildlife
resources substantially, and no measures to prevent damages to these
resources are required. This office, working in cooperation with the
Texas Game and Fish Commission, will be pleased to provide general
advice on fish and wildlife management techniques which might be
incorporated into the project work plan and which should help to
maintain fish and wildlife resources in the watershed."
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WATER SURFACE ELEVATIONS AT VALLEY SECTIONS FOR 100-YEAR AND 1946 FLOOD WITHOUT AND

Valle 100-Year Frequen| 1946 Flood
Y it wWith T Without — With.
P

100-Year Frequenc
P Witaut W WRho0t —
" Project

1
2
5
8
9

10

22

498.9
510.4
513.4
525.1
529.6
536.0
550.2
551.2
560.7
561.2
565.1
569.6

Project
487.3
499.0
503.6
516.8
524.1
530. 4
543.6
549.6
551.1
552.7
555.8
559.6

1946 Flood

Project
497.8
509.5
512.7
524.2
529.3
535.5
549.3
555.9
559.2
559.9
563.4
561.8

Project
489.2
501.8
505.9
518.7
525.3
531.8
542.9
548.9
550. 4
552.2
555.2
558.9

Section roject

25 5717
26 574.3
27 583.5
28 587.3
29 589.6
30 595.2
33 598.4
34 604.7
35 606.2
36 608.1
37 614.3
38 617.3

Project
561.8
567.7
576.6
580,2
582.6
590. 6
594.4
597.4
600.2
602.3
607. 6
609.3

Project
570.0
573.2
582.6
586,3
588.6
594.4
597.3
603. 6
605.2
607.2
613.2
616.0

WITH PROJECT

Project

561.2

567.2
576.1
579.7
582.2
590. 4
594.4
597.0
599.8
602.0
607. 4
609.0

LEGEND

Expected flood Iine of 100-year
frequency flood without project.

Expected flood line of 100-year
frequency flood with project.

Significant areas from which land
enhancement benefits are expected,

Valley Section

North

Plate 3
URBAN BENEFIT AREA

SALADO CREEK WATERSHED
BEXAR COUNTY, TEXAS
U. S. DEPARTMENT OF AGRICULTURE
SOIL CONSERVATION SERVICE
TEMPLE, TEXAS
1 Mile
Approximote Scale

October, 1961 4-R-1601|
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