R O,

Sl
. BROWNWOOD LATERALS

ARDWNWOOD LATERALS
YATERIHEDQ

SR December 1963
O A RN
RISSIANCNIRRE A RN

NN



TABLE OF CONTENTS

WATERSHED WORK PLAN AGREEMENT

SUMMARY OF PLAN
General Summary
Land Treatment Maasuras
Structural Measuras
Damages and Benafits
Provieiona for Financing lLocsl

Share of Installation Costs

Operstion and Malntenance

DESCEIPTION OF WATERSHED
Physical Data
Economic Data
Land Treatment Data

WATERSHED PRUBLEMS
Floodwater Damage
Sadiment Damage
Exrosion Damage
Problems Relating to Water Management

PROJECTS OF OTHER AGENCIES
BASIS FOR FROJECT FORMULATIOM

WORKS OF TMPROVEMENT TO BE INSTALLED
Land Treatment Measures
Structural Measurea

EXPLANATION OF INSTALLATIOMN COSTS
Schedule of CObligations

EFFECTS OF WORKS OF TMPROVEMENT
PROJECT BENEFITS )
COMPARISON OF BENEFITS AND GOSTS

PROJECT INSTALLATION
Land Treatment Meapurae
Structural Measures

FINANCING PROJECT INSTALLATION

PROVISIONS FOR OPERATION AND MAINTENANCE
Land Treatment Measures
Structural Measures

TABLES
Tabla 1 - Eatimated Project Installa-
) tion Costs
Table 1A - Status of Watershad Works
of Improvement
Table 1B - Tutal Eatimated Installa-
tion Cosats
“stimated Structure Cost
Distribution
Table 3 - Structure Data - Floodwater
Retarding Structuras
Teble JA - Structure Data - Stream
Channel TImprovement
Table 4 = Annual Cusats

Table 2

Table & = Estimated Average Annual Flood

Damage Reduvtivn Benefits

Page

i

T W RN

LB Rl

13
13
15
16
19
21
21
24
26
28
29
32
34
34
35
6
37

37
37

19
40
41

42

Table & - Comparison of Benefits ami Custs

for Structural Measures
Table 7 - {umpstrvction Unitg

tuen L |

INVESTIGATIONS AND ANALYSES

Land Use and Treatment

Enginearing Invastigations

Hydraulie and Hydrologic Investigations

Sedimentat {fon Investigations
Sediment Scurca Studies o
Flood Plain Sedimentation and Scour
Channel Stubility Investigations

Gavlogic Inveatigntiona
Descriptfon of Problems

Economic Investigationa
Selection of Reaches
Determination of Damagas - ;
Benefits from Reduction of Damagaes
Restoration of Former Productivity

and Cbanged Land Use Bensfits

Enhencement Type Benefits
Incidantal Water Management Benefits
Secondary Benefits B
Appralgal of Land Easement Valuap
Deteils of Methodology

'FIGURES

Pigure I - Saction nf a Typical Flood«
wiater Retardfng Structure
Figure 2 - Population - City of

Browmwood

Figure 3 - Watar Usas from Laks
Brownwood

Pigure 4 - Problem Location Map

Figure 5 - Typical Ploodwater Retard-
ing Structure - General
Plan and Profile

Figure 5A - Typical Floodwatsr Ratard-

ing Structure - Structura
Plan and Section
Figure 5B - Typicsl Floodwater Refard-

ing Structure - Structure -

Plan and Section
Prejact Map

o
L]

Figure

Paga

52
52
52
55
58
58
5%
60
]

]

62
62
62
64

67
67
68
68
69

70
71

72
73
7%

15

76
77

4
5,
.:E




WATHRSHED WORK PLAM AGREVMENT
v hatween the

Brown-Mills Soil Congervation Distriot
Local Organization

(Hereinafter referred to as the District)

Brown and Milis Counties (ommissioners Courtis
Local Crganization

_
e
:éq“ .
i

(Hereinafter referred to as the County)

City of Brownwood
TLocal Organization

(Hereinafter roferred to as the City)

and the

L3 IS

United States Department of Agriculture
Sotl Conservation Service
(Horeinafter referred to as the Service)

Whereas, the District has herstofore entsred into & Flood Control
Supplemsntal Memorandun of Understanding with the Soil Conssrvation Service
for assistanoe in oonstruciing Works of Improvement for the prevention of
floods in the Brownwood lLaterals Wetershed, State of Texas, under the
authority of the Fleod Control Aot of 1944 (58 Stat. 887).

Whereas, the responsibility for carrying out all or a portion of
the work of the Department on the Watershed has been assigned by the
Secretary of Agriculture to the Servioce; and

Whereas, there has been developed through the cooperative efforts
of the District and the Service a mitually satisfactory plan for Works
of Improvement for the Brownwood lLaterals Watershed, State of Texas,
hereinafter referred to as the Watershed Work Plang

Whereas, the County and the City will benefit from the carrying out
of the plan for Works of Improvement through the reduction of damages
to property, including County Rosds and bridges in the County that are
located within the flood plain of the watershed;




it

It i3 mutually agrsed that in installing and operating and main-
taining the Works of Impruvemsnt described in the Watershed Work Plang

1. The Distriet »nd/or *he Coimty will acquire withont cost to the
Fedaral Goverament snch land, oasements, or rights-of-way as will
be needad in connection with Sites No, 5, 6, 7, 8, 9, 10, 11, 12,
13, 14, 15, 15, 17, 18, 19, 20, 21, 22, 23, 24, 25, an? 2?6,

The District nndfor the City will acquire without cost to the Fedaral
Government suchk land, easements, or rights—of-way as will be needed
in oonnection with Sites Na, 1, 2, 74, 3, 4, and the 8,15 miles of
chann»1 work,

3. The Tiatriet will acguire nr provide assurance that landowners or
watar ysars hava acquirad siieh water rights purzuant to State Law
as mrRy be needad in the installation and overation of the Works of

Improvemant.

4. The Service will provide all construction costs and inetallation
services apprlicable to Works of Improvement for flood nrevention,

5. The District will obtain agreements from owners of not less than
50 percent of the land above each flondwater retarding structure
that they will csrry out conservation farm or ranch plans on their

'Ifind.

f. The Disgstrict will rrovide assistance to landowners and onerators toe
agsure the instaliation of the lsnd treatment measures shown in
the Watershad Work Flan,

7. The District will encourage landowners and operators to orerate and
maintain the land treatment measurass for the nrotection and im-
provement of the watershed.

8. The Distrtet, the City and/or the County will be resvonsible for
the oneration and maintenance of the structural Works of Improvement
by actually nerfornine the werk »r arransing for susch work in accordance
with an COperation and Maintenanca Agreement which is tn he entered

into,

E 9. The VWatershad Tnrk Plan may he amended or mevised and this arresment
nay ke madified or ferminated, anlv bv mitiel agresmaent of tha narties
t
areto.

10. Ne member of or delesata to Torwress, or resident commissionear, shall
ba admitted to anv eshare or part of this asreament, or to anv hanefit
that may arise thevefrom: it thie nrovision shall not ba construed
to extend t»~ thir agreement if made with a enrroration for it reneral

hanafit. )
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WATERSHED WORK PLAN

BROWNWOOD LATERALS WATERSHED
0f the Middle Colorado River Watershed
Brown and Mills Counties, Texas
December 1963

SUMMARY QF PLAN

General Summary

The work plan for watershed protection and flood prevention for Brownwood
Laterals watershed was prepared by the Soil Conservation Service in coopera-
tion with the Brown-Mills Soil Conservation District, City of Brownwood,
Brown County Commissioners Court, and the Mills County Commissioners Court.
The Federal participation outlined in this work plan will be performed under
the authority of the Fleood Control Act of 1944, as amended and supplemented.

The primary objective of the project is to provide flood protection to

the agricultural lands and the urban areas of the cities of Brownwood and
Early, Texas, which are subject to flood damage from Pecan Bayou and its
tributaries. Upon cowmpletion and continued maintenance of the measures

set forth in the plan, a material contribution will be made toward increas-
ing agricultural production to the maximum level consistent with the c¢apabi-

lity of the land,

The sponsoring local organizations determined that no organized group was
interested in including additional water storage or other works of improve-
ment for agricultural or nonagricultural water management purposes,

The Brownwood Laterals watershed, consisting of that portion of the Pecan
Bayou watershed between Lake Brownwooed and the confluence of Blanket Creek
and Pecan Bayou, is located in the Colorado River Basin in Brown and Mills
Counties, Texas. The watershed comprises an area of 305 square miles, or
195,200 acres. Approximately 73 percent of the watershed is rangeland,

21 percent is cropland, and & percent is in miscellaneous uses, such as
roads, highways, towns, and stream channels.

There are no Federal lands in the watershed.

The work plan proposes installing in a 10-year period, a project for pro-
tection and development of the watershed. The cost of installing these
measures, excluding work plan preparation costs, is estimated to be $5,376,771.
0f this amount, $1,859,997 will be borne by local interests, and $3,516,774
by flood prevention funds. In addition, local interests will bear the en-
tire cost of operation and maintenance.

Land Treatment Measures

The cost of land treatment measures, exclusive of expected reimbursement




8 zf from Agricultural Conscrvation Program Service or other Federal funds, is
| $1,390,160. In addition, priov to work plan preparation, landowners and
operators have established land treatment measures at an estimated non-
Federal cost of $1,382,350. Also, prior to work plan preparation, $51,000
of flood prevention funds were used to accelerate technical assistance by
the Soil Conservation Service to landowners and operators. Acceleration
of technical assistance will continue during tlie period of installation at
a cost of $40,000. The work plan includes land treatment that will be
installed during the 10-year installation period and those managemenl and
recurring-type practices that are necessary for the project to be success-
ful. Remaining land treatment will be installed under the pgoing programs.

Structural Measures

The structural measures included in the plan consist of 8.15 miles of
stream channel Iimprovement and 27 floodwater retarding structures having
a total sediment storage and floodwater detention capacity of 28,255
acre-feet. The total estimated installation cost of structural measures
is $3,946,611. Of this amount, $469,837 will be borne by local interests
and $3,476,774 by flood prevention funds. The 8.15 miles of stream
channel improvement and the 27 floodwater retarding structures will be

installed during a 10-year period.

Damages and Benefits

The reduction in floodwater, sediment, flood plain erosion, and indirect
damages will directly benefit approximately 200 owners of agricultural
lands in the 26,813 acres of flood plain in addition to more than 960
owners of nonagricultural facilities within the watershed. Flood plain
operators below the project area also will benefit from reduced flooding.
Processors of agricultural commodities and other businesses in the area

will benefit from the project.

The estimated average annual floodwater, sediment, flood plain erosion,
and indirect damages without this project, or those above Lake Brownwood
total $447,528, at long-term price levels. With the installation of this
project and those above Lake Brownwood, which are the authorized Jim Ned
Creek and Turkey Creek projects, and the proposed Upper Pecan Bayou

including land treatment and structural measures, damages will

project,
The Brownwood

amount to $96,867, a reduction of approximately 78 percent.
Laterals watershed project would contribute 57 percent of this reduction
and the projects above Lalee Brownwood the remaining 21 percent. With only
the Brownwood Laterals project installed, the remaining average annual

damage would amount to $189,867 (table 5).

The average annual primary benefits accruing to Rrownwood Laterals struc-
tural measures total $325,31l, and are distributed as follows:
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Floodwater damage reduction $188,195
Sediment damage reduction 7,527
Erosion damage reduction 11,026
Indirect damage reduction 20,104
Incidental benefits 15,316
Changed land use benefits 78,110
Benefits outside project area 5,033

Benefits that are incidental to the project purpose amount to $15,316
annually. They are: recreation, $11,287; livestock water, $1,917; and
irrigation, $2,112. No additional project installation costs or extra
storage are required to produce these benefits,.

Secondary benefits will average $50,904 annually.

The total benefits of land treatment measures were not evaluated in mone-
tary terms since experience has shown that these soil and water conserva-
tion measures produce benefits in excess of their costs.

The ratio of the total average annual benefits accruing to structural
measures ($376,215) to the average annual cost of these measures ($134,214)

is 2.8 to 1.

Provisions for Financing Local Share of Installation Costs

Funds for the local share of the project cost will come from revenue
presently being collected by Brown and Mills Counties and City of Brown-
wood. These funds will be adequate and available for financing the local
share of the costs for structural works of improvement.

Operation and Maintenance

Land treatment measures for watershed protection will be operated and
maintained by landowners and operators of the farms and ranches on which
the measures will be installed under agreements with the Brown-Mills Soil

Conservation District.

Structural measures will be maintained by the Brown-Mills Scil Conservation
District, City of Brownwood, and the Brown and Mills County Commissioners
Courts. Each will assume responsibility for those structures located within
their boundaries. Details of this responsibility will be fully described

in the Operations and Management Agreement. The value of the average annual
cost of operating and maintaining the structural measures is estimated to

be $9,304, at long-term price levels.




DESCRIPTION OF WATERSHED

Physical Data

Pecan Bayou rises in west-central Callahan County about three miles north

of FEula, Texas, and flows southeast through Callahan, Coleman, Brown and
Mills counties for approximately 144 miles. It discharges into the Colorado
River about 9 miles west of Goldthwaite, Texas. Throughout the entire
length, it follows a tortuous course and meanders from one side of the
valley to the other. This stream is divided by one large reservoir, Lake
Brownwood, formed by an impounding dam just below the junction of Jim Ned
Creek with Pecan Bayou, approximately 8 miles north of Brownwood, Texas.
This dam is about 59 miles upstream from the confluence of Pecan Bayou

with the Colorado River.

The Brownwood Laterals watershed comprises that drainage which enters
Pecan Bayou between Lake Brownwood and the confluence of Blanket Creek
with Pecan Bayou about five miles southeast of Mullin, Texas. The princi-
pal tributaries are Elm Branch, Salt, Elm, Delaware, Steppes, and Lewis
Creeks, as well as Adams Branch and Willis Creek, which flow through the
northern and southern portions of the Brownwood urban area, respectively.
The Brownwood Laterals watershed has an area of 195,200 acres (305 square
miles), nearly all of which are in farms and ranches.

Pecan Bayou above this watershed has a drainage area of 1,535 square miles
which discharges through Lake Brownwood and thence into the Brownwood
Laterals watershed. Two of the major tributaries of this drainage are
Jim Ned and Turkey creeks, both of which have watershed protection and
flood prevention work plans developed for their respective areas. A work
plan is now being developed for the remainder of this drainage area,

known as the "Upper Pecan Bayou Watershed".

The topography of the Brownwood Laterals watershed is a moderately to
gently rolling plain, although areas with rather pronounced relief occur
along the western margin and near the northern tip. The watershed is
underlain by rocks of three geologic periods: Pennsylvanian, Cretaceous
and Quaternary. The Pennsylvanian period is represented by sandstones,
shales, sandy shales, and thin limestones of the Strawn group in a belt

ad jacent to and parallel to Pecan Bayou from Brownwood to the mouth of the
watershed. The Strawn group is overlain by the Canyon group of rocks in
the western one-fifth of the watershed. The Canyon group consists of
alternate layers of hard, massive limestone and finer, compact shale.

A few sandstones and conglomerate layers are present., The Pennsylvanian
formations dip to the west at the rate of about 50 feet per mile. The
Cretaceous period is represented by poorly cemented sandstones, siltstones,
clays, and hard conglomerates of the Trinity group. Hard, massive limestones
of the Fredericksburg group occur as outliers in the northern tip of the
watershed. The Cretaceous strata dip about 40 feet per mile to the east.
The Quaternary peried is represented by a belt of deep clay, sand and
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gravel alluvium in the Pecan Bayou flood plain. Its width varies from one-

fourth mile to two miles.

The alluvial valleys of the major tributaries range from about 330 feet to
about 3,000 feet in width, averaging 1,500 feet. Valley widths on the main-
stem flood plain range from around 1,000 feet to about 9,100 feet, The
average valley width on the main stemis about 4,800 feet. Elevations above
mean sea level on the flood plain range from 1,670 feet in the upper reaches
to 1,230 feet near the confluence of Pecan Bayou and Blanket Creek. Eleva-
tions in the watershed range from about 1,900 feet on the northern reaches
to 1,204 feet in the bottom of the channel at the lower end.

The watershed is in three land resource areas. The North Central Prairie
comprises about 47 percent of the total watershed and is located approxi-
mately on the combined outcrop of the Pennsylvanian and Quaternary systems.
Approximately 9 percent of the watershed is in the West Cross Timbers.

This area is restricted almost entirely to Elm, Salt, Delaware, and Steppes
creeks drainage areas. The remaining 44 percent is in the Grand Prairie.

The soils of the North Central Prairie include Mereta clay loam, Wichita
clay loam, Windthorst-Darnell stony fine sandy loam, Renfrow loam, Zanies
fine sandy loam, Owens clay, Frio clay, Valera clay, Byrds clay, Darnell-
Owens soils, Nimrod fine sand, Tarrant stony clay, and Denton clay.

The West Cross Timbers soils consist of Catalpa clay loam, May fine sandy
loam, Stephenville fine sandy loam, Windthorst fine sandy loam, and Nimrod

fine sand.

Soils of the Grand Prairie consist of Crawford stony clay, Denton-Tarrant
stony clay, Brackett gravelly clay loam, Catalpa fine sandy loam, Tarrant

stony clay, and Denton clay.

The soils of the watershed generally are in fair condition. Much small
grain and many high residue producing crops are grown and help prevent

rapid deterioration of the soil. Land treatment measures are practiced
effectively on about 60 percent of the cropland.

Hydrologic cover condition of the rangeland, in general, is fair with areas
of good and poor condition. Fifteen range sites are in the watershed.

They are:

Bottomland Rocky Upland
Shaliow Hardland Deep Upland
Pink Limestene Tightland
Rolling Prairie Sandy
Sandstone Hills Redland
Sandy Loam Shaly Hills
Adobe Deep Sandy

Low Stony Hills
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The natural vegetation consists of the mixed prairie plant group. It is

composed of buffalo grass, Texas wintergrass, curly mesquite, Indian grass,
sideoats grama, and bluestem. Elm and pecan trees grow near the stream-
banks. Invading plants, and plants which have increased with the overuse
of rangeland, include perennial threeawn, hairy tridens, Texas grama,

The range condition classes of the watershed are as

mesquite, and oak.
excellent; 14 percent, good; 47 percent, fair; and

follows; 2 percent,
37 percent, poor.

The overall land use is:

Land Use Acres Percent

Cropland 40,976 21

Range 142,646 73

Miscllaneous 1/ 11,578 6

Total 195,200 100

1/ Includes roads, railroads, highways, towns, etc.
The mean annual weighted rainfall for the watershed is 27.02 inches. The
40,93

minimum recorded weighted rainfall was 13.43 inches and the maximum,
inches. Rainfall is fairly well distributed. The wettest months are April,
May, September, and October. Individual excessive rains may occur in any
season but are most frequent in the spring and fall months.

Average temperatures range from 84 degrees Fahrenheit in the summer to 46
degrees in the winter. The normal frost-free season of 234 days extends

from March 24 to November 13.

rovnwood supply a majority of the farmers and
ranchers with adequate water for domestic and livestock use. Lake Brownwood
reservoir furnishes ample water of good quality for municipal and industrial
uses in the Brownwood area as well as for irrigation in the Brown County

Water Improvement District No. L.

Wells, farm ponds and Lake B

Fconomic Data

The economy of thls watershed is based on the following: - Agriculture,
manufacturing, mineral and petroleum industry, and higher education.

The principal agricultural enterprise is the production of beef cattle.
The predominant cattle enterprise is a cow-calf operation where the calves
are born in the fall, run on temporary winter pasture with their mothers
during the winter, then grazed on open pasture during the summer and sold
as feeders in the fall. Another type of operation on irrigated pasture

the calves on temporary winter pasture, then on irrigated
baby beef at around

is to graze
coastal bermuda until late fall and sell them as

600 pounds,
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Other livestock enterprises include dairying, sheep for wool production,
and Angora goats for mohair production. In addition, poultry and poultry
products contribute to the economy of the watershed.

The cropping pattern is quite diversified. Principal crops grown on the

irrigated land are coastal bermuda for pasture and hay, oats and wheat for
temporary winter pasture and grain, alfalfa, grain sorghums, hybrid sudan,
and a small acreage of cotton. Dryland crops include all these, with some

acreage planted to peanuts.

The acreage devoted to allotment crops such as peanuts, cotton and wheat
is becoming less significant each year as more attention is directed toward

the production of hay, grain and pasture for livestock.

Cotton production has decreased considerably since 1950. Alfalfa produc-
tion is of minor importance at the present time but is expected to increase
in the future with land leveling, improvement of irrigation systems and

improved technology.

There are approximately 8,000 acres of irrigated land in the watershed, of
which about 4,600 acres are in the flood plain. This irrigated land is not
being utilized to its fullest capabilities at this time, but more intensive
use is expected after installation of flood control measures.

The trends in farming in Brown County are shown on the following table:

: Year : Year
Item : 1950 : 1959

Farms

Number 1,76% 1,220

Average Size, Acres 320 443

Average Value $14,868 $31,758
Crops

Harvested Acres 105,989 42,958

Value, All Products Sold $5,671,456 $5,690,693

Value, All Crops Sold $2,135,591 $ 881,730

Corn, Acres 6,929 547

Cotton, Acres 12,110 2,838

Wheat, Acres 23,021 6,614

Dats, Acres 16,846 7,575

Peanuts, Acres 8,403 4,041

Grain Sorghum, Acres 20,142 14,143

Alfalfa, Acres 1,007 273
Livestock

Cattle and Calves, Number 36,948 37,036
Labor

Family Workers, {(including

operators), Number 1,436 1,432

Source: USDA Census of Agriculture
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Tt can be seen that mechanization and increased technology has resulted in
an increase in farm size, thereby decreasing the number of farms and farm
employment. Another thing noted is that a greater dollar volume of farm
products can be produced with [ewer operators and laborers.

While little statistical data are available on irrigation in Brown County,
the trends appear to be similar to those of dryland farming.

The average size farm in the watershed is 466 acres, and the current market
price of land is about $100 per acre. Flood plain land is valued at $450

to $500 per acre when irrigated and $175 to $225 under dryland conditions.
About 61 percent of the farms in Brown County are owner-operated, 22 percent
part owner-operated, 16 percent tenant-operated and 1 percent operated by

farm managers.

Brown County and Brownwood are served with a good system of roads and high-
ways. U. 8. Highways 67, 84, 183, and 377 pass through Brownwood. State
Highway 279, Farm Roads 45 and 2126, and the Gulf, Ceclorado and Santa Fe

Railroad also serve this area,

Brownwood, population 16,917, is the-county seat of Brown County and the
center of trade for the watershed, Other towns using Brownwood as a
trading and shipping center are Bangs, Brookesmith, Blanket, Zephyr, May,

Brownwood also serves as a distribution, processing and supply

and Early.
It is estimated

center for most of the agricultural activities of the area.
that about 88 percent of zll retail sales in Brown County are made in Brown-
The decrease in farm numbers and increase in farm size are expected
will become more intensified
working in local industry

is expected to continue to

wood.
to continue for some time. Farming, in general,
and a larger number of rural farm people will be
to supplement farm income. The urban population
increase slowly (figure 2).

Local industries include a garment factory, a woolen goods mill, a glove
factory, and meat packing plants. Soft drink bottling plants, a furniture
factory, a prefabricated pipe firm, and manufacturers of portable hand
tools and brick products also are based in Brownwood.

The Brownwood Industrial Foundation has acquired a part of the area former-
ly occupied by Camp Bowie and has set it aside for industrial expansion.
With utilities already installed, and adequate water available, this area
presents good potential for industrial development. Four manufacturing
plants are already established here.

Raw materials including petroleum, stone, clay, fire clay, clay ceramic
and limestone contribute to the economy of Brownwood and Brown County.
The value of all mineral operations in Brown County for recent years was:

1952 . $1,900,235
1953 - 2,221,427
1954 - 2,537,325
1963 - 1,948,000
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Ea Employment and production in the petroleum industry has declined in recent
years but there is an extensive quantity of limestone used in the produc-
tion of quicklime and rockwool. The quantity of limestone shale for tile
f and the quantity of decorative stone is unlimited,
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Howard Payne Callege, established in 1889, is a growing co-educational in-
stitution. It contributes to the economy of Brownwood and the watershed by
the money spent by students and faculty, and in the construction of new
dormitories and teaching facilities as the college expands. Enrollment has
increased from 658 students in 1940 to 1,016 in 1963. Employment by the
college has grown from 132 employees in 1958 to 175 at the present time.
The payrcll now amounts to about $700,000 annually.

Land Treatment Data

The Brown-Mills Soil Conservation District has been very active in establish-
ing land treatment measures and in initiating flood prevention work. It has
obtained a high degree of participation in this program from farmers, ranchers
and other interested parties in the watershed.

The watershed is served by Soil Conservation Service work units at Brown-
wood and Goldthwaite, which are assisting the Brown-Mills Soil Conservation
District. These work units have assisted farmers and ranchers in preparing
237 soil and water conservation plans on 110,390 acres (60 percent of the
total agricultural land) within the watershed. Of these, 207 are basic con-

servation plans.

Technical guidance has been furnished in establishing and maintaining plarned
land treatment measures. Eighty-eight conservation plans need current re-
visions. Complete conservation plans have been applied on 11,350 acres.
About 50 percent of the needed measures have been applied. Where these meas-
ures have been applied and maintained for as long as three years, average
crop and pasture yields have increased about one-fifth,

Satisfactory soil surveys have been completed on 61,627 acres. Another
95,533 acres needing additional soil surveys will be completed under the
going program during the installation period.

Land treatment measures installed before the development of this flood pre-
venticn work plan are shown in table 1lA.

WATERSHED PROBLEMS

Floodwater Damage

The flood plain consists of 26,813 acres, excluding 3,016 acres in stream
gg channels. It is the area that will be inundated by the runoff from a one

percent chance of cccurrence storm. This storm will produce 5.40 inches of

runoff, using soil cover complex number 79 and moisture condition No. TL.
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At the present time, about 36 percent of the flood plain is in cultivation;
61 percent in pasture or range; and 3 percent in miscellaneous uses, includ-

ing urban areas.

Some farmers and ranchers, on an individual basis, have attempted to enlarge,
straighten and levee streams with very little reduction of flood damages.

The city of Brownwood also has made attempts to alleviate their many flood
problems where urban development occurs in the flood plains of Pecan Bayou,
Willis Creek and Adams Branch with very little success. Study of trends
indicates that substantial increases in the amount of development within
these areas will take place during the next few years. This will multiply
the flood damage potential and problems, The adverse economic and physical
effect of flooding has been felt throughout the entire watershed and has
prompted local participation in alleviation of the flood problem.

Flooding occurs frequently in the watershed covering an average of 17,203
acres annually including areas flooded more than once a year. This causes
damage to agricultural and nonagricultural properties, including urban
development within the cities of Brownwood and Early. Small overflows
occur at least annually in some sectors of the watershed causing limited
damage to crops, fences, roads, city streets, yards and miscellaneous

properties.

The largest recent damaging flood was April 30 - May 2, 1956, when approxi-
mately 13,600 acres were flooded in the three main stem evaluation reaches
1, 2, and 6 (figure 4) of Pecan Bayou. Information obtained from farmers,
home owners, and businessmen showed damages in these reaches to be in
excess of $282,400. Damages to crops and pasture was approximately
$100,200 and livestock losses and damages to fences and irrigation systems
was estimated at approximately $69,000. Nonagricultural damages to roads,
bridges and urban properties were estimated to be $103,200. Additional
nonagricultural damages estimated at $468,000 occurred in evaluation

reaches 5 and 7.

This was the largest flood occurring on the main stem of the Bayou since
1932; however, six others have been almost as large during this period,
During 1957, there were three overflows which caused heavy damage in the
watershed. Recent floods also occurred in 1959 and 1961.

Spring floods damage growing crops and maturing small grains, and converse-
ly, fall floods damage mature row crops and growing small grain. Floods
occurring during the winter months are less damaging to crops and pastures.
Other agricultural damage is unusually high. At least annually, farmers
and ranchers suffer loss of fences and livestock. Woven wire fence, which
in most cases cannot be salvaged after flooding, irrigation systems being
washed out, and sheep, which are easily drowned, are the main losses.
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Urban damage to Brownwood, Texas, from the storm of
April 30 and May 1, 1956, and causing about $300,000
damages and evacuation of 68 families,

Flash flopd of September LU, 1962, on Elm Créek caused

T X heavy crop and pasture damage.
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Flood of April 30 and May l, 1956, caused heavy
damages to crop and pasture lands. Agricultural
damages amounted to about $175,000.

Heavy dawmapes, both agricultural and non-agricultural,
vesaltyed Ceoom yhe Aprii 30 and May [, 1956 storm an

Aotrmr oL Pecan BRayou.
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In addition to floodwater damage suffercd by owners of urban land and farmers
and ranchers in the watershed, sizeable urban areas cannot be developed for
rcsidential use because of the existing flood hazard. Utility lines have
been extended and are available to some of the more desirable residential
areas along Willis Creek where development is awaiting allcviation of the
flood problems.

For the floods expected to occur dering the evaluation period, which includes
floods up to a 100-year frequency, tlie total direct average annual fleoodwater
damage is estimated to be $328,339, at long-term price levels (table 5). This
includes crop and pasture damage ($140,355); other agricultural damage,

$68,080; and nonagricultural damages to roads, bridges and urban developments,

$119,904.

Indirect damages such as interruption of travel, losses sustained by busi-
nesses, temporary dislocation of persons from homes and work and similar
losses are estimated to average $40,168 annually,

In addition to the direct floodwater damages suffered by urban residents,
other significant flood problems exist. The most important is the hazard

to life, especially in Brownwood. During a flash flood in 1945 on Adams
Branch, two persons lost their lives. Evacuation each time a flood occurs

is costly. 1Injuries and accidents are very likely to occur in this opera-
tion. Due to urban expansion in the flood plain, these hazards will increase.

Sediment Damage .

Deposits of silty sand, sandy silt, sandy clay, and clayey sand are found on
7,038 acres of the flood plain. Damage in terms of loss in productivity of
agricultural land ranges from 10 to 50 percent. Also, sediment deposits
adversely affect the proper functioning of irrigation ditches, borders and
other appurtenances of irrigation systems. The average annual monetary value
of damage is $35,166, at long-term price levels. 1In addition to the sediment
deposited on the flood plain of this watershed, an estimated 253,600 tons of
sediment is delivered to the mouth of the watershed each year. The delivery
of part of this sediment to the Colorado River and thence to Lake Buchanan
decreases the storage capacity of that reservoir by an estimated 161 acre-
feet per year. The monetary value of this damage is §4,750.

Erosion Damage

Erosion rates in this watershed are low to moderate, This is due to a combina-
tion of factors, including gentle slopes, a high percentage of rangeland

which generally has a fair protective cover, and extensive land treatment
practices such as contour farming, terracing and crop residue use on the cul-
tivated areas.

Upland sheet erosion accounts for approximately 51 percent of the annual
gross erosiom; flood plain scour, 41 percent; and streambank erosion, & per-
cent. The unusually high percentage of flood plain seour can he attributed

b v I




Major damage to crop and paature land by overbank deposition
resulting from the flash storm of September 10, 1962 on Elm
Creek.
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to a great extent to large peak flows originating above Lake Brownwood and sub-
sequent erosion on the flood plain of Pecan Bayou.

Flood plain scour is found on 6,943 acres, with damages ranging from 10 to
80 percent in terms of reduced productivity of the soil. Swamping occuls
along some of the larger channels causing additional damage. The average
annual monetary value of the scour damage is estimated to be $43,855. Land

damage from streambank erosion is minor.

Problems Relating to Water Management

There is no need for group drainage measures on agricultural lands in the
watershed. Expanding urban development by the cities of Brownwood and Early,
Texas, likely will require some urban drainage on lands along the flood
plains of Pecan Bayou, Willis Creek and Adams Branch. It 1is expected that
needed drainage measures will be installed as development occurs.

About 5,000 acres located below Lake Brownwood reservoir and in the Brown
County Water Improvement District No. 1, which comprises approximately 14,000
acres, including the urban area, has been or is under irrigation., An addi-
tional 2,500 acres is available for {rrigation, About 500 acres outside the
district 1s now being irrigated with water from Pecan Bayou. Adequate water
of good quality from Lake Brownwood can be made available to every farm in
the district through an excellent existing distribution system of concrete-
lined canals and concrete pipelines. Proper water management on individual
farms is essentlal to developing and maintaining irrigated land at its high-
est potential. Between the years 1949 and 1963, an average of 3,600 acres
of arable land was irrigated yearly. The acre-feet of water used by vears
for this purpose is shown in figure 3. During periods of heavy precipita-
tion, the district maintains full canal flows, even if there are no demands
for water, in order to flush out canals and prevent sediment from impeding
the efficiency of the distribution system. The total withdrawal in acre-

feet by years is also shown in figure 3.

Lake Brownwood supplies adequate water of good quality for municipal and
industrial uses to the cities of Brownwood and Early, located in the Brown-~
wood Laterals watershed, and to Bangs, located outside the watershed. With
proper water management, It is indicated that future water needs can be
satisfied, Use trends and needs are shown in figures 2 and 3.

This exlsting lake, about 8 miles north of Brownwood, also is valuable for
recreational activities. It has commercial, private and State park facili-
ties along the 90 miles of shoreline and has a water surface area of approxi-
mately 7,500 acres. Permits for boating and fishing exceed 200,000 annually,
Lake Brownwood State Park, an area of about 500 acres, furnishes cabin and
playground areas, and facilities for picnicking, boating, swimming, fishing,
watersports, and dancing. Visitors to the State Park area are estimated by
the National Park Service to be about 100,000 annually. The total average
annual visitors is conservatively estimated to be at least 750,000.
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According to the local sponsoring organizations, there is no known local
interest in providing storage in any of the structures for irrigation, mani-
cipal or industrial water supplies, fish and wildlife developments, or
recreational activities, other than thoese developed incidental to the de-

signed project purposcs.

PROJECTS QOF QOTHER AGENCIES

Lake Brownwood is formed by a dam con Pecan Bayou immediately above the Brown-
wood Laterals watershed and just below the confluence of Jim Ned Creek with
the bayou. It has a drainage area of 1,535 square miles and was completed

in 1932 by the Brown County Water Improvement District No. 1 (figure 4).

It is operated by the district under the laws of Texas for the purposes of
municipal and industrial water supply, irrigation, flood control, and recrea-
tion, However, the principal purpose is for water supply.

The existing lake has an estimated storage capacity of 136,000 acre-feet at
spillway crest, based on the 1959 sedimentation survey by the Soil Conserva-
tion Service. The total storage at the top of the water conservation level,
2 feet below spillway crest, is estimated to be 122,500 acre-feet. The
water district completed its distribution system for delivering water to
lands within the district and to the city of Brownwood in 1939.

This system consisted of the following: water supply outlets through the
embankment; a main concrete-lined canal, 15 miles long and of 77 second-feet
capacity, leading from the water supply outlet to the vicinity of Brownwood
to supply irrigation water to district lands and water supply for the city;

a lateral system of about 13 miles of concrete-lined canal and 41 miles of
concrete pipelines to distribute the irrigation water supply; and municipal-
supply treatment facilities, including two filtration plants with a combined
capacity of 5.5 million gallons daily and 2 concrete ground storage reser-
voirs with a total storage capacity of 2,000,000 gallons.

There is no provision for floodwater detention storage in Lake Brownwood.
However, the water district maintains the lake level 2 feet below the spill-
way crest, providing about 14,000 acre-feet of floodwater detention storage
as well as incidental storage capacity which results from water consumption.
The district also lowers the maximum conservation pool during anticipated

wet periods. In addition, the large amount of spillway storage has an appre:-
ciable dampening effect on peak flows below the dam.

Hords Creek Reservoir, located 7 miles west of Coleman, Texas, is a multiple-
purpose structure constructed by the U. S. Corps of Engineers, as authorized
by the Flood Control Acts of August 18, 1941, and December 22, 1944, to
serve as a flood control structure, a municipal water supply and recreation.
Construction was completed on June 16, 1948. This reservoir has a total
capacity of 25,310 acre-feet at emergency spillway crest, of which 2,860
acre-feet is allercated to sediment storage, 5,780 acre-feet to water con-

servation storage, and 16,570 acre-feet to flood control storage. This
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reservoir results in a measurable reduction of flood flows and peak dis-
charges into Lake Brownwood Reservoir.

The effects of the Hords Creek Reservoir and Lake Brownwood were considered
in the "without project' condition; therefore, no benefits accruing to them

were considered.

Local flood protection works in the city of Brownwood, consisting of chan-
nel rectification work and low levees (3 to 5 feet in height) on Willis and
South Willis Creeks, were constructed in 1943 by the Department of Army, with
military funds, for the purpose of relieving the aggravated flood conditions
brought about by the construction of Camp Bowie, a military base now discon-
tinued. These works were constructed in accordance with recommendations
made by the U. S. Corps of Engineers in '"Supplemental Reports on Floods in
Willis Creek Valley Below Camp Bowie, Texas'', dated March 1, 1943. Local
participation required that the affected property owners furnish free of
cost to the Government necessary rights-of-way and spoil-disposal areas and
execute waivers of claims for past and future damages.

The Government performed the flood protection work consisting of: increas-
ing the channel capacity of South Willis Creek to 5,000 second-feet from
its confluence with Willis Creek for 0.9 mile upstream; increasing the ca-
pacity of Willis Creek to 8,000 second-feet from 0.6 mile below Austin Ave-
nue upstream to the junction of South Willis Creek; construction of a new
bridge over South Willis Creek at Fourth Street; raising and lengthening
the existing bridge over Willis Creek at Austin Avenue; construction of low
levees along the frontage of the more highly developed property; and fill-
ing in the abandoned portions of the creek channels and raising the banks
of the channel in locations where the banks were helow the grade of the
designed water surface., The effect of these works of improvement was con-
sidered in the 'without project' condition; therefore, no benefits acecru-

ing to them were considered.

The U. S. Corps of Engineers in their preliminary draft of July 1963 on
"Review of Reports on Pecan Bayou Watershed, Colorado River Basin, Texas',
re-examined and modified their report of September 3, 1948, on '"Review of
Reports on Pecan Bayou, Texas (Tributary of Colorado River, Texas) Flood
Protection, Brownwood, Texas", which is a reinvestigation of the study on
Pecan Bayou completed in March 1939 (published as House Document No. 370,
76th Congress, lst Session) and the Flood Control Acts approved August 18,
1941, and December 22, 1944, authorizing the construction of Hords Creek
Reservoir and the enlargement of the existing reservoir at Lake Brownwood.

This most recent review presents a plan fér installing certain protective
measures to the existing Lake Brownwood dam and appurtenances; constructing
the Coleman Dam on the Jim Ned Creek, and the Pecan Bayou dam on Pecan Bayou,
about 52 miles and 44 miles, respectively, upstream from the existing Lake
Brownwood dam; and constructing approximately 40,300 feet, 16,300 feet, and
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16,000 feet of improved channels and diversions ou Pecan Bayou, Adams Branch
and Willis Creek, respectively, in and near the city of Brownwood.

These proposed reservoirs or the authorized projects of the Soil Conserva-
tion Service under construction on the Jim Ned and Turkey Creeks watersheds,
and the one being planned on the Upper Pecan Bayou watershed, will result
in substantial modification of flond flows through Lake Brownwood spillway,
thereby reducing peak discharges on Pecan Bayou in the Brownwood Laterals

watershed.

The proposed floecdwater retarding structures on Adams Branch and Willis
Creek included in this ptan will have significant effect on the U. 8. Corps
of Engineers proposed channel improvement on these streams by reducing peak
discharges. The work plan fcr the Brownwood Laterals watershed includes
channel improvement on Willis Creek and Adams Branch in conjunction with the
upstream floodwater retarding structures, thereby providing a complete plan
for protection on these streams. Also, those structures above the cities of
Brownwood and Early will have some effect on the functioning of the proposed
channel improvement on Pecan Bayou between these cities,

The Texas Board of Water Engineers in their May 1961 planning report in-
cludes a reservoir on Jim Ned Creek at the Jim Ned Creek site., This site
is about where the U. S. Corps of Engineers proposed the Coleman site in
their July 1963 review and it would have the same effect in the Brownwood

Laterals watershed.

The U. 8, Study Commission ~ Texas, created by the Congress in 1958, published
a report in March 1962 which presents a plan to conserve and control the
available water resources for all the major river basins in Texas, except

the Sabine, Red and Rio Grande. The plan developed by the Commission for the
Colorado River Basin includes a proposed reservoir on Jim Ned Creek at the
Camp Colorado site for consideration in the needs of the Pecan Bayou water-
shed., This site is about 26 miles upstream f{rom the Lake Brownwood dam,

just below the confluence of Hords Creek with Jim Ned Creek. The proposed
reservoir would affect the Brownwood Laterals watershed by producing lower

peak flows on Pecan Bayou.

The works of improvement included in this and similar plans in the Colorado
River Basin will have significant effects on existing downstream works of
improvement and those praposed in the water resource development plan for

this basin.

In evaluvating this plan, consideration was given to the Fox Crossing Reser-
voir, located just downstream from the mcuth of Pecan Bayou on the Colorado
River, proposed by the U. 5. Corps of Engineers and recommended by the U. S.
Study Commission in their report of March 1962, While no Federal funds have
been authorized for advance planning or construction of the reservoir, bene-
fits to the Brownwood Laterals praject reflect the facility in place by 2010.
No benefits from reduction in the Fox Crossing Reserveir sediment storage re-
quirements were assigned to the upstream project.
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The flood prevention program will effect minor reduction in average annual
runoff from the watershed. Reduction in average annual runoff at the flood-
water retarding structure sites is eight percent. This is an equivalent re-
duction of 3 percent over the watershed.

BASIS FOR PROJECT FORMULATTON

After a reconnaissance of the watersbed was made by specialists of the plan-
ning party, meetings were held with the local spomsoring organizations to
discuss existing problems and to formulate objectives for a watershed pro-
tection and flood prevention program. This watershed depends to a large
extent on agricultural enterprises for its income. However, several small
industries and processing plants, in and around Brownwood, alse contribute
to and stabilize the economy of the watershed. Livestock farming is the
major type of operation., Moderate to severe flooding causes heavy losses

of livestock and extensive damage to flood plain lands, crops, pastures,
irrigation systems, and other agricultural properties, as well as to the
urban areas of Brownwood and Early, located in the flood plain of Pecan Bay-

ou and its tributaries.

It is recognized by the local sponsoring organizations and planning person-
nel that development of a sound watershed protection and flood preventicn
project will present many difficulties due to the large drainage areas
entering this watershed through Lake Brownwood. Authorized work plans cover-
ing structural measures now under construction have been developed on 838.5
square miles, namely Jim Ned Creek watershed (746 square miles) and the
Turkey Creek watershed (92.5 square miles). The remaining area is now be-
ing planned as the Upper Pecan Bayou watershed,

Existing, authorized and proposed works of improvement of other agencies,
both within and outside this watershed area, were examined and studied to
determine how they would affect, or be affected, by this project. Basic
data, developed by the U, 5. Corps of Engineers in this watershed, was ob-
tained and analyzed. After review of the data it was agreed with the local
sponsors that since plans by other agencies were only proposed, this plan
would be developed with existing Lake Brownwood and Hords Creek reservoirs
in place and functioning. Consideration would be given to the effects of
the authorized Jim Ned Creek and Turkey Creek projects, and to the Upper
Pecan Bayou watershed project, now being planned. Tt is estimated that
about 50 percent of the Upper Pecan Bayou drainage area will be controlled

by structures.

The opportunities for including storage capacities for purposes other than
flood prevention were explained as were the local responsibilities in con-
nection with completing a project. The local sponsoring organizations con-
sidered the possibility of providing storage for flood prevention, agricul-
tural and nonagricultural water management, and fish and wildlife development
which might be included in the project. The sponsors determined that a
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project [or watershed protection and {lood prevention would most nearly
meet their needs and that no other group or individual was interested in
additional storage for other purposes.

In addition to expressing the desire for the establishment of a complete
program for soil and water conservation on the watershed, the following
specific objectives were named by local interests:

1. Establish the remaining land treatment measures which
contribute directly to watershed protection and flood pre-
vention, based on current needs.

2. Attain a 70 to 80 percent overall reduction in average
annual flood damage to this watershed, when complete
watershed protection and flood prevention projects have
been established on the drainage area above Lake Brownwood,
to insure sustained agricultural production and minimiza-
tion of urban damages on flood plain lands and to maintain
the economy of the watershed.

3. Attain not less than a 90 percent reduction of urban damages
in the cities of Brownwood and Early.

4. Attain about a 70 percent average reduction in average
annual flood damages on the tributaries of Pecan Bayou
in this watershed with an overall reduction of around
50 percent due to the works of improvement on this pro-

ject,

The Soil Conservation Service agreed that the desired level of protection was
reasonable.

Although reduction in flooding would result from application of 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 re-

duction desired by the local people,

Structural measures for watershed protection and flood prevention which would
be feasible to install to meet the objectives of the local sponsoring organi-
zations were then determined.

In selecting the sites for floodwater retarding structures, consideration

was given to locations which would provide the desired level of protection

to the areas subject to flood damage. This necessitated locating some struc-
tures in series to provide protection to intervening flood plain lands and

public utilities,

To attain the desired degree of protection to the urban areas of Brownwood
in the flood plain lands, it was apparent that channel improvement would be




A

o ap WA 'S wn A (T2 EB 1D

R o»

21

required on Adams Branch and Willis Creek, The sizc, number, design, and
cost of the structural measures was influenced hy the location of the dam-
aged areas, the conplex topography. and the geologic conditions of the water-
shed, together with the availability of embankment fill material.

The recomnended system of structural measures meets the project objectives
in providing the desired level of prolection for agricultural enterprises
and urban areas of the watershed at least cost.

WORKS OF IMPROVEMENT TO BE INSTALLED

Land Treatment Measures

An effective conservation program based upon the use of each acre of agricul-

tural land within its capabilities and its treatment in accordance with its
needs, sueh as is now being carried out by the Soil Conservation District
serving the watershed, is essential for a sound flood prevention program on
the watershed. The establishment and maintenance of all applicable soil and
water conservation and management practices necessary LO proper land use is
basic to this objective. Acceleration of the establishment of land treatment
measures which have a measurable effect on reducing floodwater damages will

be emphasized.

There are 61,850 acres above the planned floodwater retarding structures,
Land treatment is especially important on these watershed lands to protect
the structural measures. The only planned measures for the remaining upland
ares are land treatment. A conservation program on more than 26,000 acres
of agricultural flood plain located outside the pools of proposed structures
also is important in reducing floodwater and erosion damages.

The amounts and estimated cost of establishing the needed major land treat-
ment measures that will be installed by landowners and operators during the
10-year installation period are shown on table 1. The local people will
continue to install and maintain land treatment measures needed in the water-

shed after the 10-vyear installation period,

Most of the land treatment measures will function principally to decrease
erosion damage to crop and pasture lands by improving soil-cover conditions.
for the

These include conservation cropping systems and crop residue use
cropland, and range seeding to establish good cover on grassland. They also
include brush control to allow grass stands to improve and replace the poor
brush cover on grassland; construction of farm ponds to provide adequate
watering places to prevent cover-destroying concentrations of livestock;

and proper use and deferred grazing of rangeland to provide improvement,
protection and maintenance of grass stands., These measures also effectively
improve soil conditions which allow rainfall to soak into the soil at a more

rapid rate.
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Crop Residue Use -~ a practice that prevents erosion
and allows more water to soak ilnto the ground.

Establishing a conscrvation irrigation system by use of
border dikes and levces, canals and laterals, and laud

leveling to give proper use of irrigation water, in-

soaanil we.es crease product lon, and reduee soil and water losses.
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Improved irrigated pasture ol Coastal Bermudagrass
with a complete conservation Lrrigation system being
properly used to increasc production and to reduce
soil and water losses,

Deferred grazing and pruper usv increases rangeland

' YT production and reduces soil aud water Lloasses.
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Other beneficial land treatment measures include contour farming, terracing,
diversions, and irrigation and water management practices, all of which have
a measurable effect in reducing peak discharge by slowing runoff. These
measures also reduce erosion damage and sediment production.

Structural Measures

A system of 27 floodwater retarding structures and 8.15 miles of stream
channel improvement, having an installation cost of $3,%946,611, will be re-
quired to afford the degree of flood protection to the flood plain lands
and urban areas of Brownwood and Early desired and mutually agreed upon by
the local people. This protection cannot be provided by land treatment

measures alone.

Flood detention storage in the structures will range from 2.36 to 7,60
inches of runoff, depending on local conditions. The folleowing tabulation
reflects the degree of control, detention storage in acre-feet and inches,
and the equivalent detention storage for the watershed:

Unit :  Amount

ltem
Drainage Area of Watershed Sq. Mi, 305.00
Drainage Area Controlled by Structures Sq. Mi. 96.64
Drainage Area Controlled by Structures Percent 31.69
Detention Storage Ac. Ft, 23,548
Capacity Equivalent ~ Area Controlled Inch 4.56
Capacity Equivalent - Watershed Area Inch 1.45

Capacity was provided in the floodwater retarding structures to store &
100-year accumulation of sediment. Water will be stored to the top of the
riser in sites 1, 2 and 2A. All other sites will be ported at the 50-year
sediment volume elevation or 200 acre-feet,

To obtain the degree of protection desired by the local people, structure
sites 2A and 6 were located in series with and above sites 2 and 5, respec-

tively.

Figure 1 shows a section of a typical floodwater retarding structure.
Plans of a floodwater retarding structure typical of those planned for
this watershed are illustrated by figures 5 and 5A. The locations of the
structural measures are shown on the Project Map (figure 6).

The 3.44 miles of stream channel improvement on Willis Creek, and the 4,71
miles on Adams Branch, in conjunction with floodwater retarding struc-
tures, will provide flood protection for these respective urban areas of
Brownwood from the 100-year frequencv storm event. The terminations of the
sections of channel improvement are at points where no additional damage
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Runoff from heavy rains being controlled by floodwater retarding
structures In a nearby watershed.

Floodwater retarding structures releasing water slowly through
the principal spillway following heavy rains.

- ixkT1 TE-81%

N M R .2 A e TR = e A Y ™8

B R FE R Y T T




E

oy

T O VUL P A

26

will be caused downstream by the increased flow through the improved sec-

tions.

The improved channel will carry the release flow from the [loodwater retard-
ing structures and the peak discharge from a 100-year fregquency storm. In-
lets will be installed as appurtenances to conduct local runoffi into the
improved channel. Two bridges on Adams Branch will be replaced to allow for
channel improvement construction. In addition, three bridges on Adams Branch
and one bridge on Willis Creek will he reworked to allow for increased chan-

nel capacity.

There are six low-water crossings on county roads and numerous private intra-
farm low-water crassings on the Brownwood Laterals watershed that will be

affected by the release flow from the principal spillway of floodwater re-
Four of the county crossings have either inadequate

tarding structures.
Under present

or no culverts to carry the principal spillway discharge.
conditions, water flows over these crossings for relatively short periods

following rains. After the structures are installed, the flow will be
reduced to peak, but will be greatly prolonged.

One county road will be inundated by backwater from a floodwater retarding
structure following the 100-year frequency storm event. Two other county
roads will be relocated so that floodwater retarding structures can be

installed.

The total area of the sediment pools is 718 acres, of which 89 acres are
flood plain. The detention pools will temporarily inundate an additional

1,814 acres, 130 acres of which are flood plain.

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

spillway.

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

Refer to tables 1, 2, 3, and 3A for details on quantities, costs, and de-
sign features of the floodwater retarding structures and stream channel

improvement.

EXPLANATION OF INSTALLATION COSTS

The estimated cost of planning and installing land treatment measures,
exclusive of expected reimbursement from ACPS or other Federal funds, 1is

$1,390,160, based on current program criteria (table 1).
prior to work plan preparation, landowners and operators have established
land treatment measures at an estimated non-Federal cost of §1,382,350

(table 1A},

In addition,
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Prior to work plan preparation, $51,000 of flood prevention funds were used

by the Soil Conservation Service for the acceleration of technical assistance
to landowners and operators. This technical assistance will be continued
during the period of installation at a cost of $40,000. Land treatment costs
are based on present prices being paid by landowners or operators to establish
the individual measures in the area. The land treatment measures to be applied
and the unit cost of each measure were estimated by the Brown-Mills Soil Con-

servation District.

The estimated cost of installing the structural works of improvement is
$3,946,611. Of this amount $469,837 will be borne by local interests and
$3,476,774 by flood prevention funds, of which $2,839,034 is construction
costs and $637,740 is installation services.

Land, easements and rights-of-way ($263,675), relocation of roads and bridges
(4$85,500), utilities and other improvements (678,000) for the floodwater re-
tarding structures and channel improvement will be provided by local interests
at no cost to the Federal government. The value of these is estimated to be
$427,175, based on current market value estimated by local organizatioms. An
additional $42,662 of non-Federal funds will be expended for legal and other
services required in obtaining land, easements and rights-of-way.

Construction costs include both the engineers' estimates and the contingen-
cies. The engineers’ estimates were based on the unit costs of floodwater
retarding structures in similar areas, modified by special conditions peculiar
to each individual site location. They include such items as rock excavation,
permeable foundation conditions, and site preparation. Geological investiga-
tions included surface observations and hand auger borings. More detailed
geologic investigations will be needed before construction, Ten percent of
the engineers' estimates was added as a contingency to provide for unpredict-

able costs.

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

The tentative schedule of obligations for the complete 10-year project instal-
lation period, including installation of both land treatment and structural
measures is as follows:
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Schedule of Obligations
Fiscal Federval Non-Tederal
Year Measures Funds Funds Total
{dollars) {dollars) {(dollars)
First Structures - - -
Land Treatment 1/ 4,000 2/ 115,130 119,130
Second Structures 5, b6, 7.
10 230,356 12,980 243,336
Land Treatment 1/ 4,000 2/ 120,438 124,438
Third Structures 9, 11,
12, 13 426,278 24,860 451,138
Land Treatment 1/ 4,000 2/ 125,746 129,746
Fourth Structures 3, 4, 8,
and Willis Creek
Channel Improvement 975,714 124,360 1,100,074
Land Treatment 1/ 4,000 2/ 131,054 135,054
Fifth Structures 1, 2, 2A 531,411 49,962 581,373
Land Treatment 1/ 4,000 2/ 136,362 140,362
Sixth Structures 14, 15,
16, 17 251,098 16,500 267,598
Land Treatment 1/ 4,000 2/ 141,670 145,670
Seventh  Structures 18, 19,
20, 21 335,628 49,060 384,688
Land Treatment 1/ 4,000 2/ 146,978 150,978
Eighth Structures 22, 23,
24 198,015 10,230 208,245
Land Treatment 1/ 4,000 2/ 152,286 156,286
Ninth Structures 25, 26,
and Adams Branch
Channel Improvement 528,274 181,885 710,159
Land Treatment 1/ 4,000 2/ 157,594 161,594
Tenth Structures - - -
Land Treatment 1/ 4,000 2/ 162,902 166,902
TOTAL 3,516,774 1,859,997 5,376,771

1/ Includes only accelerated technical assistance.
2/ Includes allowance for management and recurring-type practices that

will be applied annually.
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This schedule will be adjusted from year to year on the basis of any signif-
icant changes in the plan found to be mutually desired, and in light of
appropriations and accomplishments actually made.

EFFECTS OF WORKS OF IMPROVEMENT

After installation of the combined program of land treatment and structural
measures described above, average annual flooding, exclusive of flood plain
inundated by structure pools and in urban areas, will be reduced from 17,203
acres to 6,374 acres. This project will benefit directly approximately 200
owners of agricultural flood plain lands. Reduction in area inundated
varies with respect to location within the watershed. The effect of the
project in each area is shown in the following tabulation:

Average Annual Area Inundated 1/

Evaluation : Without : With :

Reach (figure &4) Project : Project : Reduction
(acres) {acres) (percent)

2/ 1 1,344 507 62

14 126 19 85

2/ 2 4,283 1,738 59

24 163 25 85

2B 251 7 97

2C 174 46 74

2D 527 77 85

3 1,329 273 79

4 1,137 730 36

5 477 34 93

2/ 6 2,627 749 71

7 129 1 99

8 626 349 44

9 2,432 1,009 59

10 1,578 810 49

Total 17,203 6,374 63

1/ Excludes flood plain jnundated by floodwater retarding structure

B pools and in urban areas. )
2/ Includes effects of projects above Lake Brownwood.

The following presentation shows, by reaches, the area flooded by the
3-year, l0-year, and 25-year frequency floods, and reductions expected

from the installed project:
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Area Inundated lf
Evalua- Average Recurrence Interval
tion ; 3 Year : 10 Year 25 Year
Reach : Without : With : Without : With : Without :  With
(figure 4) : Project : Project : Project : Project : Project : Project
{(acres) (acres) (acres) (acres) (acres) (acres)
g! 1 1,830 680 2,305 1,630 2,465 1,970
g! 2 5,730 2,900 6,294 5,576 6,491 5,964
3 740 34 1,145 320 1,280 584
4 568 408 714 551 808 630
5 550 43 710 94 792 116 &
2/ 6 3,500 2,050 7,347 2,889 7,645 5,980
7 152 0 206 3 234 11
8 265 152 306 206 332 232
9 1,312 478 1,887 767 2,170 1,080
10 800 411 1,042 672 1,170 803
Total 15,447 7,156 21,956 12,708 23,387 17,370
1A 138 19 260 55 356 84
24 179 13 361 87 529 150
2B 278 5 538 30 731 62
2C 194 44 404 148 561 227
2D 577 49 1,153 270 1,595 435
Total 2/ 1,366 130 2,716 590 3,772 958

1/ Exclusive of flood plain inundated by structure pools and in urban areas.
2/ 1Tncludes effects of projects above Lake Brownwood.

3/ Overland flow calculations were used in reaches 1A, 2A, 2B, 2C and 2D.

Owners and occupants of more than 960 business and residential units will benefit
from the installed project. The project will provide full flood protection from
the 100-year storm to urban areas along Adams Branch and Willis Creek. In the
urban area along Pecan Bayou flooding from the 100-year frequency storm will be
confined to shallow inundation in the sparsely developed area near the channel.

Land treatment measures will reduce the present average annual sediment yield to
the 27 floodwater retarding structures from 0.56 to 0.47 acre-foot per square
mile of drainage area, a reduction of 16 percent. Similar reductions are
expected in other portions of the watershed,

The annual flood plain scour damage is expected to be reduced about 32 percent,.
Seven percent will be attributable to land treatment and 25 percent to the

structural measures.

The annual sediment yield to the mouth of the watershed is expected to be
reduced from 253,600 tons to 151,655 tons.

e
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Land treatment measures in the watershed plus sediment stored in f{loodwater
retarding structure pools will result in a reduction of 65 acre-feet of
annual capacity loss in Lake Buchanan,

Owners and operators of [lood plain lands reperted they would restove 285
acres now in poor condition pasture Lo crop production when adequate pro-
tection is provided. This land was formerly cultivated, but is now used
only for grazing. Tt will be used to produce odts or grain sorghums.

1t is expected that 1,456 acres of pastureland will be converted to crop
production and used for grain sorghuws, hay crops and small grains, other
than wheat. Protection provided by the project will permit utilization of
the more productive flood plain soil fer production of these crops now
grown on the upland.

Landowners and developers in Brownwood stated that if adequate protection is
provided, they will convert some relatively large tracts of land along
Willis Creek, now in agricultural uses, to higher value residential devel-
opments. It is estimated that 167 acres will be developed for residential
use following installation of the proposed structural works of improvement.
All of this land lies above the elevation of flood waters expected to re-
sult from a 100-year frequency flocd event after the project is installed.

Benefits will accrue to the planned structural measures from reduction of
floodwater and sediment damages on the main stems of Pecan Bayou and the
Colorado River below the project area (table 6). The project will provide
considerable reduction in flood flows originating within the Brownwood

I,aterals watershed.

Additional incidental water management benefits will result from the instal-
lation of the 27 floodwater retarding structures. The sediment pools of
these structures will have a combined total capacity of 4,019 acre-feet

and eventually will cover 718 surface acres. It is estimated that sediment
pools of 21 structures will pravide additirnal recreational opportunities
such as camping, fishing, swimming and hunting to local people throughout
the year. About 5,700 people are expected to use the available facilities
with a daily peak use estimated at 750 persons.

All sediment pools will be used for livestock water. They will furnish a
more dependable water supply for this purpose thereby eliminating the neces-
sity for water hauls during extended droughts.

It is expected that some of the water stored in two sediment pools will be
used for irrigating tame pasture and hay crops. The use of this water for
irrigation will require permits irom the Texas Water Commission.

Secondary benefits will accrue to trade drea businesses through increased
income from processing, sales and services.
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PROJECT BENEFTTS

. The estimated average annual monetary floodwater, sediment, crosion, and
I?' indirect damages within the watershed will be reduced from 8447 ,528 to
e $189,867 by the project (table 5). This is5 4 reduction of 57 percent,
addition, the works of improvement to be installed above Lake Brownwood
) will further reduce the damage to $96.867, or a 78 percent overall reduc-
i tion in this watershed. Of this veduction, 93 percent is creditable to

structural measures=.

In

Ea The following presentation show,, by evaluation reaches, the effect the
" program of land treatment and structural works of improvement will have on
the reduction of monetary damages ecsused by the 3-year, lO-year, and 25~
Ej vear frequency floods:
Direct Monetary Floodwater Damage
Evalua- : Average Recurrence Interval
E tion . 3 Year : 10 Year L2 25 Year
Reach : Without ; With ¢ Without : With : Without With
(figure 4): Project : Project - Project : Project : Project : Project
(dollars) (dullars) (dollars) (dollars) (dollars) (dollars)
1/ 1 3,350 320 5,250 3,758 5,750 4,402
1A 566 78 1,066 226 1,460 344
1/ 2 20,800 11,100 39,388 30,110 41,348 34,710
2A 984 72 1,986 479 2,910 825
2B 2,043 518 3,954 221 5,373 456
2C 883 200 1,838 673 2,553 1,033
2D 987 84 1,972 462 2,727 744
3 9,840 0 13,273 1,535 20,940 5,022
4,627 2,030 6,826 4,713 8,263 5,432 @am“\

4

5 16,685 61 29,552 136 62,530/ 169
1/ 6 59,000 8,900 110,499 33,628 124,231 76,604

7 87,410 0 143,612 4L 245,436 17

8 5,410 2,520 8,050 4,420 8,080 4,600

9 13,363 2,986 15,870 3,491 34,545 10,630

10 4,035 1,521 7,485 3,948 8,602 4,147

' Total 229,983 30,390 390,621 87,804 574,748 149,135

1/ TIncludes eifects of projects above Lake Brownwood.

The average annual damage reduction by evaluatlon reaches is as follows:

Average Annual Damage 1/

Evaluation : :
Reach H Without . With 2/

{(figure 4) ;. Project 2/ : Praject = : Reduction

(dellars) (dellars) (percent)

3/ 1 13,054 4,507 65
1A 1,339 125 91
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Aver.age Annual Damage lf - Continued

Evaluation

Reach . Withoul _ . lWith
(figure 4) : Project 2/ . rroject 2/ Reduction
(dollars) (dollars) (percent)
3/ 2 60,645 23,549 61
2A 1,752 226 87
2B 2,994 172 94
2C 2,081 383 82
2D 5,686 406 93
3 17,097 2,670 84
4 10,725 5,848 46
5 29, 746 299 99 ¥
3/ 6 145,957 39,882 73
7 100,952 1,437 99
8 9,368 4,148 56
9 29,822 8,930 70
10 10,641 4,285 60
Total 441,859 96,867 78

1/ Excludes values of restoration of former productivity.

2/ Based on long-term prices.
3/ 1Includes effects of prejects above Lake Brownwood.

The estimated net increase in farm Income from restoration of former produc-
tivity will amount teo $5,669 annually, at long-term price levels. This loss
from the original production has been included as crop and pasture damage
and its restoration a benefit in table 5.

The net increase in income due to chinged use on agricultural lands will
amount to an estimated §$27,947 annu4lly.

Consideration was given to the effects chunged land use and restoration would
have on acreage allotment restrictions. Ne increase in allotted crop acreages

is expected to result from the project.

Benefits from reduction of floodwster damages on the main stem of Pecan Bayou
outside the project area and the Colorzdo River amount to $1,382 and $2,117,
respectively. The benefits frem the reduction of sediment deposition in Lake

Buchanan is estimated at 51,534,

The annual menetary benefits incidental to the project are $15,316. This
amount is distributed as follows: recreation, $11,287; livestock water,

$1,917; and irrigation, $2,112.

The recreational beneflit «f $11,287 is based on 22,574 visiter days. After
consideration of costs associated with the recredtional use of the sediment
pools open ta the general public, a net value of $0.50 wos estimated per

visitor day.
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The average annual value of changed l:nd use henefits In protected urban
areas is estimated ta be $50,163.

Secondary benefits [rom a national viewpoint were not considered pertinent
to the economic evaluation. llowever, the project will provide a higher
level of income to farmers and stimuluate business in the towns and shopping
centers in and adjacent to the water:hed. The monetary value of secondary

benefits is estimated to be $50,904 apmually,

Consideration was given to decreased production costs in pool areas stem-
ming from project installation, but the amortized value of land in pool
areas ($5,615) exceeded the net loss in pool area production plus associated
secondary lasses ($5,424) and no further calculations were made.

The total average annual benefits frem structural works of improvement are
estimated to be $376,215.

Since the watershed is not located in an area designated by the Secretary
of Agriculture under the Area Redevelopment Act, no redeve lopment benefits

were claimed.

In addition to the monetary benefits, other substantial benefits which will
accrue to the project are: an increased sense of security, better living
conditions, and improved wildlife habitat. None of these additional bene-
fits were given a monetary value, nor have they been used for project justi-

fication,

COMPARESON OF BENEFITS AND COSTS

Average annual primary benefits cf $325,311 will accrue from $134,214 annual

equivalent costs, This represents a primary benefit of $2.42 for each dol-

lar of cost.

The average annual cost of structural messures (amortized total installation
costs plus operation and maintenance) is estimated to be $134,214, The
ratio of the total average annual project benefits ($376,215) to the average
annual cost of structural measures ($134,214) is 2.8 to 1 (table 6).

PROJECT INSTALLATION

Land Treatment Measures

The land treatment measures itemized in table 1 will be established by farmers
and ranchers in cooperation with the Brown-Mills Scil Comservaticn District
during the 10-year project installation period. The district is giving
assistance in the planning and applicatimm of these measures under its going
programs. These going programs will be accelerated with flood prevention
funds to assure application nf the planned measures within the 10-year instal-

lation period.
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The governing body of the soil conservation district will arrange for meet-
ings in accordance with definite schedules, By this means, and by individ-
ual contacts, they will encourage the landowners and operators within the
watershed to adopt and carry out soil and water conservation plans on their
farms. District-owned equipment will be made available to the landowners
in accordance with existing arrangements for equipment usage in the dis-

trict.

The Scil Conservation Service work units will assist landowners and opera-
tors cooperating with the district in accelerating the preparation of soil
and water conservation plans and in the application of conservation practices.

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

FHA c¢lients will be encouraged to cooperate in the project.

The county Agricultural Stabilization and Conservation committees will
cooperate with the governing body of the soil conservation district by
selecting and recommending financial assistance for those ACPS practices
that 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, preparing radio,
television and press releases, and using other methods of getting information
to landowners and operators in the watershed. This activity will help get
the land treatment practices and structural measures for flood prevention

established.

Structural Measures

The Soil Conservation Service will contract for the construction of the 27
floodwater retarding structures and the 8.15 miles of stream channel improve-
ment. It also will provide technical specialists to prepare plans and speci-
fications, supervise construction, prepare contract payment estimates, make
contract payments, make final inspections, certify completion, and perform
related duties for the installation of the structural measures.

The Brown and Mills County Commissioners Courts and the City of Brownwood,

in cooperation with the Brown-Mills Soil Conservation District, will furnish
the land, easements and rights-of-way and arrange for road, utility and im-
provement changes for all structural measures. They will install culverts

or make other needed improvements to keep crossings on public roads passable
or obtain permission to inundate such roads where equal routes are designated
for use during periods of floodwater release. Local interests will be re-
sponsible for the improvement of individually-owned crossings. The cost of
these improvements is included in the estimated cost of land, easements and

rights-ol-way.




There are [ive construction units in the watershed. The following is a
grouping of structures by construction units. Fach group of measures has
a favorable benefit-cost ratio, based on those beunefits that will accrue
within the boundaries of the construction unit.

Construc-

tion : : : Benefit-
Unit : s Annual . Annual . Cost
Number : Structure Numbers ; Benefits Costs . Ratio
(dollars) (dollars)
1 1, 2, 2A, Adams Branch
Channel Improvement 91,041 37,251 2.44:1
2 3, 4, Willis Creek
Channel Improvement 78,422 34,365 2.28:1
3 5, 6, 7, 10 g, 301 8,054 1.03:1
4 9, 11, 12, 13, 14,
15, 1o 26,662 21,704 1.23:1
5 19, 20, 21 14,729 8,335 1.77:1

Construction may start with any construction unit. All necessary land,
casements and rights-of-way, including the relocation of roads, utilities
and other improvements, will be obtained for each construction unit before
Federal financial assistance is made available for installation of any part
of that construction unit. Structures not in a construction unit will be
constructed after all necessary land, easements and rights-of-way have been

obtained for all planned structural measures.

The upstream structure of sites in series will be constructed before or
concurrently with the lower structures (see figure 6).

FINANCING PROJECT INSTALLATION

Federal assistance for carrying out the works of improvement as described
in this plan will be provided under the Flood Control Act of 1944, as amended

and supplemented.

The cost of establishing land treatment measures will be borne by the owners
and operators of the land. It is expected that the owners and operators
will be reimbursed for a portion of this cost through the existing Agricul-
tural Conservation Program Service, Great Plains Conservation Frogram, OT
other Federal programs. The amount of reimbursement to be expected has been
estimated, based on current program criteria, and this amount has not been
included in the total estimated non-Federal cost for land treatment listed

in table 1.
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Based on experience in this area, the local sponsors have estimated that
more than 90 percent of the needed land, easements and rights-of-way will
be donated.

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

Federal assistance will be made available pursuant to the following condi-
tions:

1. The required land treatment in the drainage area above
structures has been installed or is in the process of
being installed.

2. All required land, easements and rights-of-way have been
obtained.

3. Operation and maintenance agreements have been executed.
4. Flood prevention funds are available.

County assistance will be made available pursuant to the following condi-
tions:

1. The required land treatment in the drainage area above
structures has been installed or is in the process of being
installed.

2. At least 90 percent of the land easements and rights-of-way
have been obtained as set out above,

3, Flood prevention funds are available.

City assistance will be made available pursuant to the condition that flood
prevention funds are available.

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

PROVISIONS FOR OPERATION AND MAINTENANCE

Land Treatment Measures

Land treatment measures will be operated and maintained by the owners and
operators of the farms and ranches on which the measures are installed
under agreements with the Brown-Mills Soil Conservation District. Repre-
sentatives of this district will make periodic inspections of the land
treatment measures to determine maintenance needs and to encourage land-
owners and operators to perform maintenance. District-owned equipment will
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be made available for this purpese in accordance with existing arrangements
for equipment usage.

Structural Measures

All 27 of the floodwater retarding structures and the 8.15 miles of stream
channel improvement will be operated and maintained by the Brown-Mills Soil
Conservation District, City of Brownwood and the Brown County Commissioners

Court.

The estimated average annual operation and maintenance cost is $9,304, based
on long-term prices. The necessary maintenance work will be accomplished
through the use of contributed labor and equipment, by contract, by force
account, or a combination of these methods. Funds for this work will be
provided by the City of Brownwood and Brown County Commissioners Court from
taxes now being collected and which will produce adequate revenue for this

purpose,

All floodwater retarding structures and channel improvement will be in-
spected by representatives of all applicable sponsoring organizations after
each heavy rain, or aL least annually. A Soil Conservation Service repre-
sentative will participate in these inspections, at least annually. Items
of inspection for the floodwater retarding structures will include, but
will not be limited to, the condition of the principal spillway and its
appurtenances, the emergency spillway, and fences and gates. For the im-
proved channel, items of inspection will include, but not be limited to,
the degree of scour, sediment deposition, and bank erosion; obstruction to
flow caused by debris lodged against bridges, fences, and water gates;
excessive brush and tree growth within the channel; and the condition of
side inlets and drains., The items of inspection are those most likely to

require maintenance.

The sponsoring local organizations will maintain a record of the inspections
and maintenance work performed and have it available for review by Soil

Conservation Service personnel.

Provisions will be made for free access of representatives of the sponsor-
ing organizations and the Federal government to inspect the floodwater
retarding structures and their appurtenances at any time.

The sponsoring local organizations fully understand their obligations for
maintenance and will execute specific maintenance agreements prior to the

issuance of any invitation to bid.
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TABLE I - ESTIMATED PROJECT INSTALLATION COST 1/
T Brownwood Laterals Watershed. Texas

‘ Middle Colorado River Watershed
Price Base: 1962

: Installation Period
‘ Installation Cost : : :__ Estimated Cost 2/ :
' lten : Unit : Number : Federal :Mon-Federal: Total
(dollars) {dollars) {dellars)

l LAND TREATMENT
Soil Conservation Service

Contour Farwming Acre 3/ 21,300 - 186,450 186,450
) Crop Residue Use Acre 3/ 26,750 - 231,725 231,725
l Conservation Cropping System Acre 3/ 26,750 - 343,537 343,537
Proper Range Use Acre 3/ 129,000 - 242,738 242,738
_ Deferred Grazing Acre 3/ 39,800 - 120,140 120, 140
{] Range Seeding Acre 5,690 - 40,700 40,700
Brush Control Acre 26,900 - 134,500 134,500
Terraces, Graded Foot 617,200 - 15,430 15,430
. Diversions Foot 46,160 - 3,690 3,690
ii Farm Ponds No. 285 - 71,250 71, 250
' Technical Assistance (Accel.) 40,000 - 40,000
SCS Subtotal 40,000 1,390,160 1,430,160
: TOTAL LAND TREATMENT 40,000 1,390,160 1,430,160
, ( STRUCTURAL MEASURES
' Soil Conservation Service
- Floodwater Retarding Structures No. 27 2,406,184 - 2,406,184
;l Stream Channel Improvement Mile 8.15 432,850 - 432,850
B SCS Subtotal 2,839,034 - 2,839,034
Subtotal - Construction 2,839,034 - 2,839,034
- Installation Services
i l Soil Conservation Service
Engineering Services 391,659 - 391,659
, Other 246,081 - 246,081
EI SCS Subtotal 637, 740 - 637, 740
& Subtotal - Installation Services 637,740 - 637,740
Other Costs
i Land, Easements and Rights-of-Way - 427,175 427,175
&J Legal Fees - 42,662 42,662
Subtotal - Other - 469,837 469,837
TOTAL STRUCTURAL MEASURES 3,476,774 469,837 3,946,611
81,000 81,000

WORK PLAN DREPARATION
TOTAL PROJECT

3,597,774 1,859,997 5,457,771

[

SUMMARY
~ Subtotal SCS 3,597,774 1,859,997 5,457,771
TOTAL PROJECT 3,597,774 1,859,997 5,457,771

1/ Does not include prior expenditures of flood prevention funds or accomplish-
fl - ments resvlting therefrom (see table 14).

2/ Excludes costs that will be reimbursed from other Federal funds.
3/ 1t is expected that this level of application of the management and recurring-
r - type practices will be reached annually by the end of the project peried
EJ and are not cumulative,

NOTE: There are no Federal lands in the watershed.
Decemher 1963
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TABLE 1A - STATUS OF WATERSHED WORKS OF IMPROVEMENT 1/
Brownwood Laterals Watershed, Texas N
Middle Colorado River Watershed
Price Base: 1962

Prior to December 1963
Estimated Cosl
:Non-Federal:

Tastallation {ostl . . .
Ttem + il +  Number . TFederal 2/: Ef Total
(dollars) (dollars) (dollars)
LAND TREATMENT
Zoil Conservation Service
Contour Farming Acre 4/ 15,400 - 154,000 154,000
Crop Residue Use Acre &/ 18,800 - 188,000 188,000
Conservation Cropping System Acre 4/ 18,200 - 273,000 273,000
Proper Range Use Acre 4/ 58,100 - 145,250 145,250
Deferred Grazing Acre &/ 18,100 - 72,400 72,400
Range Seeding Acre 1,560 - 13,300 13,300
Brush Control Acre 73,100 - 365,500 365,500
Terraces, Graded Foot 4,203,000 - 105,100 105,100
Diversions Foot 166,300 - 13,300 13,300
Farm Ponds No. 210 - 52,500 52,500
Technical Assistance (Accel.) 51,000 - 51,000
SCS Subtotal 51,000 1,382,350 1,433,350
TOTAL LAND TREATMENT 51,000 1,382,350 1,433,350
STRUCTURAL MEASURES
Soll Conservation Service
Floodwater Retarding Structures No. - - - -
Stream Channel Improvement Mile - - - -

Subtotal - Construction
Installation Services
Soil Conservatlion Service
Engineering Services
Other
Subtotal - Installation Services -
Qther Costs
1and, Easements and Rights-of-Way
Legal Fees
Subtotal - Qther
TOTAL STRUCTURAL MEASURES -

WORK PLAN PREPARATION -
TOTAL PROJECT
SUMMARY

51,000 1,382,350 1,433,350

Subtotal SCS
TOTAL PROJECT 51,000 1,382,350 1,433,350

51,000 1,382,350 1,433,350

1/ At time of work plam preparation.

2/ Flood prevention funds only.

3/ Excludes costs that were reimbursed from other Federal funds.

4/ The level of application of the management and recurring-type practices
reached at time of work plan preparation and are not cumulative.

December 1963
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Price Base: 1962
Total Projeet 1/
Estimated Cost
Installation Cost : Federal :Non-Federal:
Item . Unit Nupibier 2/ . 3/ Total
(dollars) (dollars) (dollars)
LAND THEATMENT
Soil Conservation Serviece
Contour Farming Acre 4/ 21,300 - 340,450 340,450
Crop Residue Use Acre 4/ 26,750 - 419,725 419,725
Conservation Cropping System Acre &/ 26,750 - 616,537 616,537
Proper Range Use Acre 4/ 129,000 - 387,988 387,988
Deferred Grazing Acre 4/ 39,800 - 192,540 192,540
Range Seeding Acre 7,250 - 54,000 54,000
Brush Control Acre 100,000 - 500,000 500,000
Terraces, Graded Foot 4,820,200 - 120,530 120,530
Diversions Foot 212,460 - 16,990 16,990
Farm Ponds No. 495 - 123,750 123,750
Technical Assistance (Accel.) 91,000 - 91,000
SCS Subtotal 91,000 2,772,510 2,863,510
TOTAL LAND TREATMENT 91,000 2,772,510 2,863,510
STRUCTURAL MEASURES
Soil Conservation Service
Floodwater Retarding Structures No. 27 2,406,184 2,406,184
Stream Channel Improvement Mile 8.15 432,850 432,850
SCS Subtotal 2,839,034 - 2,839,034
Subtotal - Constructiop 2,839,034 - 2,839,034
Installation Services
Soil Conservation Service
Engineering Services 391,659 391,659
Other 246,081 246,081
SCS Subtotal 637,740 - 637, /40
Subtotal - Installation Services 637,740 - 637,740
Other Costs
Land, Easements and Rights-of-Way 427,175 427,175
Legal Fees 42,662 42,662
Subtotal = Other - 469,837 469,837
TOTAL STRUCTURAL MEASURES 3,676,774 469,837 3,946,611
WORK_PLAN PREPARATION 81,000 - 81,000
TOTAL PROJECT 3,648,774 3,242,347 6,891,121
SUMMARY
Subtotal SCS 3,648,774 3,242,347 6,891,121
TOTAL PROJECT 3,648,774 3,242,347 6,891,121

1/ Tables 1 and 1A combined.
2/ Flood prevention funds only.
3/ Excludes costs that will
4/ It is expected that this

type practices will be
and are nat cumulative.

be reimbursed from other Federal funds.
level of application of the management and recurring-
reached annually by the end af the project period

December 1963
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TABLE &4 - ANNUAL COSTS 1/
Brownwood Laterals Watershed, Texas
Middle Celorado River Watershed

(Duallars)

: Amortization : Operation
of : and
Installation ; Maintenance
Evaluation ' Costs : Costs
Unit 2/ : 3/ : Total
All Fleoodwater Retarding
Structures
and
Stream Channel Improve-
ment 124,910 9,304 134,214
Total 124,910 9,304 134,214

1/ Does not include work plan preparation cost.
2/ 1962 prices amortized for 100 years at 3 percent.

3/ Long-term prices as projected by ARS, September 1357,

December 1963
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TABLE 5 - ESTIMATED AVERAGE ANNUAL FLOOD DAMAGE REDUCTION BENEFITS

Brownwood Laterals Watershed, Texas
Middle Colorado River Watershed

(Dollars) 1/

Estimated Average

Annual Damage : Damage
Without : With : Reduction
Item S Project : Project : Benefit
Floodwater
Crop and Pasture 140,355 79,708 60,647
Other Agricultural 68,080 26,874 41,206
Nonagricultural
Road, Bridge,
Street, Business
and Residential 119,904 11,585 108,319
Subtotal 328,339 118,167 210,172
Sediment
Overbank Deposition 35,166 24 447 10,719
Erosion
Flood Plain Scour 43,855 29,989 13,866
f
Indirect 40,168 17,264 22,904
Total 447,528 189,867 257,661

1/ Long-term prices as projected by ARS, September 177 ..

December 1963
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TABLE 7 - CONSTRUCTION UNITS

Brownwood Laterals Watershed, Texas
Middle Colorado River Watershed

51

(Dollars)
Annual
Benefits Annual Costs
Measures in Construction Unit Within Unit if
l. Structures Nos. 1, 2, 24 and
Adams Branch Stream Channel
Improvement 91,041 37,251
2. Structures Nos. 3, 4 and _
Willis Creek Stream Channel -
Improvement 78,422 34,365
3. Elm Creek
Structures 5, 6, 7, 10 8,301 8,054
4, Salt Creek
Floodwater Retarding Structures
9, 11, 12, 13, 14, 15, 16 26,662 21,704
5. Steppes Creek
Floodwater Retarding Structures
14,729 8,335

19, 20, 21

1/ Price Base: 1962.

December 1963
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INVESTIGALTONS AND ANALYSES

Land Use and Treatment

S0il conditions and land use on the upland were determined by expanding a
25 percent sample of the watershed to the entire upland area. The current
land use of the flood plain was determined by field investigations.

Cover conditions and range sites were determined from available range sur-
veys and other cover information obtained from records of the soil conser-
vation district and expanded, with assistance from personnel of the Soil
Conservation Service work units involved, to the entire watershed.

The status of land treatment measures and practices effectively applied

and the current conservation needs, based on range conditions and land
capability classes developed from soil surveys, were secured from records

of the Brown-Mills Soil Conservation District, From this information, with
assistance of personnel from the Soil Conservation Service work units at
Brownwood and Goldthwaite, estimates were made of the various practices
contributing directly to flood prevention which will be applied on the water-
shed during the 10-year installation period. The hydraulic, hydrelogic,
sedimentation, and economic investigations provided data on the effect land
treatment measures would have on reduction of flood damages.

Engineering Investigations

The study made and the procedures used in planning structural measures were
as follows:

l. A base map of the watershed was prepared showing the water-
shed boundary, drainage pattern, system of roads, and other
pertinent Information. A stereoscopic study of consecutive
4-inch aerial photographs was used to locate all probable
floodwater retarding structure sites, the limits and the area
of the flood plain, and points where valley cross sections
should be taken for the determination of hydraulic character-
istics and for flood routing purposes. This information was
placed on the watershed base map for use in field surveys.

2. Basic data, developed by the U. S. Corps of Engineers in
preparation of their September 3, 1948 report on ’'Review
of Reports on Pecan Bayou, Texas, (Tributary of Coleorado
River, Texas), Flood Prevention, Brownwood, Texas", were
obtained from them along with available recent developments
that had been made. These were examined, studied and
determinations made on the use of the data in preparation
of this work plan.

A
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Using a copy of the base wmap, @ curvent ownership map of all
farms in the watershed was prepared by the Brown-Mills Soil
Conservation District.

Field examinations were made of all probable f{loodwater
retarding structure sites previously located stereoscopical-
ly. Sites which did nut show good storage possihilities

or which would inundate highways or improvements for which
the cost of relocation could not be economically justified,
were dropped from {urther consideration. From the remaining
sites, a system of floodwater retarding structure sites was
selected, based on the degree of control desired, for further
consideration and detailed survey. Plans of a floodwater
retarding structure typical of those planned for this water-~
shed are illustrated by figures 5 and 5A.

To obtain the desired degree of control and give adequate
protection to flood plain lands, it was necessary to locate
Sites 2A and 6 in series with and above Sites 2 and 5,

respectively (figure 6).

The cross sections of the [lood plain, previously located
stereoscopically, along with the usable surveyed sectiaons
obtained from the U. §. Corps of Engineers were examined

in the field. Locations of the new ones were adjusted to
give the best representation of hydraulic characteristics
and surveyed at the selected locations (figure 4). Data
developed from these cross sections permitted the computa-
tion of peak discharge-stage damage relationships for
various flood flows. A map was prepared of the flood plain
on which land use, cross section locations and other perti-
nent information were recorded.

A topographic map with 4-foot contour intervals was made of
the pool area of each of the prouposed sites to determine the
storage capacity of the site, the estimated cost of the
structure, and the areas of the flood plain and upland that
would be inundated by the sediment and detention pools. Maps
of the 25 structure sites were developed by use of the stereo-
plotter and the remaining by other standard survey procedures,
Topographic maps with ane-foot contour intervals and a scale
of one inch equals 50 feet were developed for each emergency
spillway to determine spiliway design. Sediment storage
requirements were determined for each site through the study
of the physical and vegetative conditions of the drainage

area above the site. Spiliway widths, depths of flaw,
embankment yardage, and volume of excavation in spillways were
computed for each structure starting with the storage volume
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needed to tempcrarily detain the minimum runofl as deterwined
from criteria set forth in Soil Censervation Service Engineer-
ing Memorandum SCS-27, Hydrology dMemorandum ENP-H-2 (revised),
Technical Release No, 2, and Section 2441, Texas State Manual.
The runof{ tuv be stored was then increased by increments to

determine the amount af starage thot would result in the most

economical structure.

The limits of the detention and sediment pools of all satis-
factory sites and the flood plain of the streams were drawn
to scale on a copy of the base map. Structure data tables
were developed to shaow for suach structure the drainage area,
the storage capacity needed tor floodwater detention and sedi-
ment, storage in acre-feet and in inches of runoff from the
drainage area, the release rate of tle principal spillway,
emergency spillway width and depth of flow, maximum height
of dam, the acres inundated by the sediment and detention
pools, the volume of fill in the dam, and the estimated

cost of the structure (tables 2 and 3).

Damages resulting fram floodwater, sediment, and erosion were
determined from damage schedules and a survey of sample areas.
Reductions in these damages resulting from the proposed works

of impruvement were estimated on the basis of reduction of

peak discharges, stages, and volume of runoff in inches for
various firequency storms, as determined by fleood routings.

These flood routings were made for conditions without the
project, with land treatment, and for conditions with all works
of impravement installed. These routings considered the effects
of the drainage area above Lake Brownwood with existing works

of improvement in place on the 'withuut praject" determinations,
and the under construction and proposed work plans in place

on the "with project" studies. Benefits so determined were
allocated to individual measures or groups of interrelated
measures on the basis of the effect of edach on reduction of
damages. In this manner, it wis determined that floodwater
retarding structures could be economically justified.

From this analysis, it was found that suvme stream channel
improvement would be needed con Willis Creek and Adems Branch,
evaluation reaches 5 and 7 (figure 4), to meet the requirements
on protection of urban areas as set forth in the Watershed
Protection Handbook and 1l the project objectives of the
local people., Therefere, 3tream channel improvement was
planned on these tributaries with sufficient capacity to carry
the floodwater retarding structure releise rates plus the run-
off from the uvne percent chance of occurrence storm as modified
by the structures. Benelits s» determined were allocated to
individus1l medsures or grougs of interrelated measures an the
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basis of the effect nf each vn reduction of damages. TIn

this manner. it was determined that floodwater retarding

structures and channel improvement could be economically
justified.

For the channe! impravement, tables were developed ta show
watershed area, planned channel capacity, channel design
data, estimated cost, and ather pertinent data (tables 2

and 3A}.

By further amalysis, individual [loodwater retarding
structures and interrelated works of improvement which

had favarable becnefit-cost ratios were determined. Alter-
nate sites were sought for those which had unfavorable
individual benefit-cost ratios. Such alternates were
investigated until a system of floodwater retarding struc-
tures and channel improvement were developed which would
give maximum net benefits for the degree of control de-
sired at least cost. These works were included in the

plan.

When the land treatment measures and the structural measures for flood
prevention had been determined, a table was developed to show the total

cost for each type of measure (table 2). The summation of the total costs
of all needed measures represented the estimated cost of the planned water-
shed protection and flood prevention project (table 1). A second cost table
was developed to show separately the annual installation cost, annual main-
tenance cost and total annual c¢cst of the structural measures (table 4).

Hydraulic and Hydrologic Investigations

The following steps were talken as a part of the hydralogic investigations
and determinations:

1. Basic meteorological and hydrologic ddta were tabulated
from Climatological Bulletins, Pnited States Weather
Bureau and Water Supply Papers, United States Geological
Survey, and local recards. These data were analyzed to
determine aversge precipitation, depth-duration relationships,
seasonal distribution of precipitation, the frequency of
occurrence of meteorological events, the historical flood
series, rainfall-runoff peak discharge relationships, and
the relationship of geology., soils, and climate to runoff
depth for single storm events.

2., Engineering surveys were made Lo c¢ollect information on
selected stream reaches, including valley cross sections,
channel capacities, highwater elevations of selected
storms, bridge capacities, and ather hydraulic characteris-
tics, and on propused structure sites to collect data
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used in design. Cross scctions and evaluation reaches
were selected on the ground in collaboration with the
cconomist and geologist.

Present hydrolegic conditions of the watershed were
determined. taking into consideratien such factors as
soils. land use, topography. cover, and climate. Future
lydrologic conditions were determined by obtaining from
work unit conservationists and local land owners estimates
of the changes in land use and cover conditions that could
be expected during the installation period of the project.
Runoff curve nunbers were computed from soil-cover complex
data obtained from the drainage area of 7 representative
structure sites and a 15 percent random sample of the un-
controlled drainage area (about 25 percent of the drainage
area of the watershed) and used with figure 3.10-1, Soil
Conservation Service National Engineering Handbook, Sec-
tion 4, Supplement A, to determine depth of runoff from
individual storms in the evaluation series and the design

storms.

Rainfall-runoff relationships were determined and compared
with nearby gaged runoff on similar watersheds. The per-
cent chance of occurrence of meteorclogical events was
determined by computing the plotting of values taken from
Climatological Papers and Water Supply Bulletins, and
plotting rainfall, runoff, and peak discharges against
their respective plotting positions on Hazen probability
paper. The relationships of runoff, peak discharges, and
damages were determined for various frequencies. (3-18-1-
24, NEH, Section 4, Supplement A.)

Rating curves for cross sections in evaluation reaches 5,

6, and 7 (figure 4) were computed by solving water surface
profiles, using the IBM-650 computer, for various selected
discharges (Doubt Method, pages 3.14-7-13, NEH, Section 4,
Supplement A, and NEH, Section 5, Supplement A)}. Rating
curves for the remaining cross sections were computed by
Mannings formula and concordant flow (4.2-1-9, NEH, Section
4, Supplement A). Stage-area inundated curves were developed
for each cross section. From these composite runoff-area
inundated curves were developed for each evaluation reach.

Determinations were made of the peak discharges from various
storm frequencies and the relationship of the peak discharges
and volumes in reaches where damages were determined by the
Overland Flow method.

Flood flows and peak discharges for storm events of selected
frequencies were flood routed graphically through the Lake

e
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Brownwood spillway [or various conditions of watershed
treatment. Using the storage indication method of flood
routing (Goodrich-Wisler), these hydrographs were routed

to determine peak discharges for evaluation reaches on

Pecan Bayou for present conditions, with land treatment and
with the complete project. Storage indication routings were
also performed on Willis Creek and Adams Branch.

7. Determination was made of peak discharges, area inundated,
and damages caused by the various amounts of runoff which

would exist due to:

a. Present condition of the watershed.

b. Effect of land treatment measures.

Effect of land treatment measures and floodwater
retarding structures.

d. Consideration of altermative and various
combinations of measures.

8. TFloodwater retarding structures were classified on the basis
of potential downstream damages in accordance with Engineering
Memorandum S5CS-27. Where extent of damage was a question, this
classification was made by assuming failure of the structure
and routing by storage indication as outlined in the Texas
State Offiece's 'Guideline for Structure Classification” and

NEH, Section &4, Supplement A.

9. Emergency spillway design storm inflow hydrographs were
developed for all structure sites. Spillway widths and
depths of flow were determined by the Goodrich-Wisler
graphical routing method in accordance with procedures set
forth in Engineering Memorandum SCS-27, NEH, Section 4, Hy-
drology, Supplement A; NEH, Section 5, Hydraulics; Tech-
nical Release No. 2; Hydrology Memorandum EWP-H-2 (revised);

and Section 2441, Texas State Manual.

The rainfall for the period 1922 to 1961, inclusive, was selected for
evaluation damages on all tributaries draining into Pecan Bayou in this
watershed, except those causing urban damages. Rainfall information for
the historical evaluation series used in these studies was obtained by
applying the Thiessen polygon method of weighting to the rainfall data

tabulated for the Brownwood, Blanket, Mullin and Byrds Store stations.
After further study of the watershed, it was determined that the annual
flood frequency method would be used for analysis of the main stem of
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Pecan Bayou and the two trilutarics causing urban damages (NEH, Section 4,
HNydrology, including Supplement A).

The 6~hour design storm rainfall was taken [rom figure 3.21-1, NEH, Section
4, Hydrology, Supplement A. The emergency spillway and freeboard storm
hydrographs were computed using rainfall as modified by Section 2441, Texas
State Manual and Hydrology Memorandum EWP-H-3, and adjusted to the drain-
age area of each site. For class "¢’ structures, the appropriate free-
board spillway design storm was selected [rom the Il. 5. Department of Com-
merce, Weather Bureau, Technical Paper No. 40. Routing the emergeucy
spillway hydrographs resulted in either nc flows or very shallow fiows
through the emergency spillways. Therefore, the dimensions of the emer-
gency spillways were determined by graphically routing the freeboard hydro-
graphs. Composite hydrographs were developed for those sites in series
using the storage indication method to flood route between structures, The
criteria and procedures used are set forth in Engineering Memorandum SCs-27;
Technical Release No. 2; Hydrology Memoranda EWP-H-1, EWP-H~2, EWP-H-3, and
EWP-H-4; NEH, Section 4, Hydrology, Supplement A; NEH, Section 5, Hydrau-
lics; and Section 2441, Texas State Manual.

Frequency of use af emergency spillways was based on regional analysis of
gaged runoff from this and similar watersheds. Detention storage, embank-
ment yardage, rock excavation and spillway depth, width, and alignment were
balanced to give the most economical structure, which was included in the

watershed plan.

Sedimentation Investigations

Sedimentation investigations were made in accordance with procedures in
Watershed Memorandum EWP-WG-2, "Sedimentation Investigations in Work Plan

Development', dated August 21, 1959,

Sediment Source Studies

Sediment source studies to determine the 100-year sediment storage require-
ments were made in the drainage areas of the 27 planned floodwater retard-

ing structures using the following procedures:

1, Detailed investigations were made in the drainage areas of
7 of the planned floodwater retarding structures. These
investigations included: mapping soil units by slope in
percent; slope lengths; present land use; present land treat-
ment on cultivated land; preseat cover conditions classes on
rangeland and pasture; land capability classes; lengths,
widths, and depths of all stream chaumnels and scour channels
and sheet scour affected by erosion; and the estimated annual
lateral erosion of stream channels.
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Office computations included summarizing erosion by sources
(sheet evosion, flood plain scour, and streambank erosion) in
order teo [it these data intec [ormulas for computation of
gross annual erosion in tons for conversion to acre-feet.

Field surveys and office computations to determine sediment
volumes under present conditions for the remaining 20
structures not surveyed in detail consisted of mapping the
land use and arranging the sites into homogeneous groups.
Sediment source sumary sheets were prepared, based on similar
sites which were surveyed in detail.

The sediment rates were then adjusted to reflect the effect
of expected land treatment on the drainage areas of the 27
planned {loodwater retarding structures. The computed
sediment storage requirement for each site is based on a
gradual improvement of watershed conditions due to instal-
lation of needed land treatment measures expected to be
installed during the first five vyears and maintained at 65
percent effectiveness during the next 95 years.

The volume of sediment storage allocated to the different
pools in the planned structures is based on a volume weight
of 54-86 pounds per cubic foot for submerged sediment, and
81-95 pounds per cubic foot for aerated sediment.

The allocation of sediment to the structure pools was based
on a range of 10 to 30 percent deposition in the detention
pool and 70 to 90 percent deposition in the sediment pool.
This allocation was determined on the basis of topography
and texture of sediment after allowing for 10 percent of
the sediment being carried in suspension through the outlet
structure.

The sediment source studies indicated that the erosion rates in the water-
shed were low, A summation found the annual sediment yields above the 27
planmed floodwater retarding structures to be 49,12 acre-feet or an aver-
age of 0.56 acre-foot per square mile.

Flood Plain Sedimentation and Scour

1.

The following sedimentation and scour damage investigations were made to
evaluate the nature and extent of physical damage to flood plain lands,
giving due consideration to agrencmic and other land treatment practices,
soils, crop yields, and land capabilities:

Field examinations and aerial photograph studies were made
along representative valley cross sections (figure 4) making
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note of depth and width of scour channels and sheet
scour areas, stream channel aggradation or degradation,
and other important factors.

2. Estimates of past physical flood plain damages were
obtained through interviews with the landowners and
operators and by cnmparison of damages with non-damaged

areds.

3. A damage table was developed to show percent damage by
texture and depth increment for deposition and percent
damage by depth and width of scour.

4. The sediment and scour damages were summarized by evaluation
reaches for the entire flood plain and adjusted for recover-
ability of productive capacity. Estimates for recoverability
of productive capacity were developed from field studies
and interviews with farmers.

2. Using the average annual erosion rates as a basis, the
average annual sediment yields to selected reaches of the
flood plain were estimated for present conditions, with
land treatment, and with structural measures installed.
The results were compared to show the average annual re-
duction of sediment load contributing to overbank deposi-
tion., The reduction of overbank deposition is based on
this reduction of sediment load and reduction of area
inundated by floodwater. The reduction of scour damages
due to the installation of the complete project is based
on a reducticn of depth of flooding and area inundated.

Channel Stability Investigations

Visual examinations of creek banks and bottoms, excavations, and rock
outcrops were made along and near the proposed channel alignment and
notes were made pertaining to suil types, rock types, sediment deposits,
and eroded areas. These examinations indicate that the proposed design

velocities are safe. Tractive force studies indicate that some erosion

may occur with design velocities.

Geologic TInvestigations

Preliminary geolcgic dam site investigations were made at each of the 27
planned floodwater retarding structure sites in accordance with 'Guide
to Geologic Site Investigations"”, Fort Worth Engineering and Watershed
Planning Unit area, dated October 1963. and Section B, Engineering Geol~

ogy, National Eugineering Handbcok.

The following procedures were used,
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1. Available pertineunt geologic maps and literature were
gathered and studied.

2. Stereoscopic studies were madec of aerial photographs to
determine the location of reck outcrops and to help trace
the strata threough the site areas.

3, A field investigation was made of each site and notes were
made of the fellowing:

a. Lithology, thickness, structure, and sequence
of rock strata,

b. The nature and thickness of the soil mantle
in the foundation, borrow, and possible spillway
areas as determined from exposures and from hand
auger and power augelr borings.

c. General topography.

d. Stream channel dimensions, type of bedload, and
stability of the bed and banks.

e, Springs, open bedding planes, erodible areas,
water tables, faults, caverns, and any other
geologic characteristics that might have a bear-
ing on the design and construction of a dam.

4. The field notes along with information pertaining te exact
spillway excavation velumes, embankment dimensions and
volumes, physiographic descriptions, etc., were used to
complete Form SCS-375, "Preliminary Gecologic Investigations
of Dam Sites'.

Description of Problems

The planned floodwater retusrding structures are located on rocks of the
Lower Cretaceous and Middle Pennsylvanian periods.

The Cretaceous rocks are of the Trinity group and may be further sub-
divided into Paluxy siltstones, soft, poorly cemented sandstones and
residual clays, and the basal Trinity, consisting of conglomerates, hard
sandstones, impure limestone, ¢lay and shale, The foundations of the
sites in the Trinity (5-7, 9-16, 19, 20-24, and 26) should be sound; how-
ever, ground water conditions in the Paluxy sandstones will require relief
drainage., Other problems in the Trinity include erodible emergency spill-
ways and some rock excavation during c¢onstruction. A grass cover will be
provided on the emergency spillway exit channels and contrel sections as
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soon as possible after construction. Ample materials for construction are
available near the planned sites. Soils overlying the geologic formations
at these sites are primarily SM, SC, and some CL, according to the Unified

Soil Classification System,

The rocks of the Pennsylvanian period are of two groups, the Canyon and the

Strawn. The Canyon group consists of hard, massive limestones capping the
hills and indurated shales, containing thip sandstone layers underlying

the hill slepes and valleys. The topography is rugged. Sites 1-4, 8§, and
17 are located in this group. The foundations are sound although gravel
lenses in the valley alluvium may result in slight foundation seepage.

The main problems associated with geologic cenditions are large volumes of
rock excavation, erodible emergency spillway exit channels, scarcity of
building materials within shert hauling distances, and differential founda-
tion settlement between abutments and valleys. Soilsconsist mostly of CL

and GC.

The Strawn group consists of shale, sandy shale, hard and soft sandstones,
limestone, and residual clay. Sites 4, 18, 19, 25, and 26 are located in
this group. The main problem associated with the Strawn group is rock
excavation. Foundations are sound and gnod building material is abundant,
The soils overlying the genlogic strata include SM, SC, SL, and GC.

Detailed investigations, including explorations with core drill equipment,
will be made at all fleodwater retarding structure sites prior ta construc-
tion. Laboratory tests will be made to determine precise treatment of

soil materials in the foundations and embankments.

Eceonomic Investigations

Selection of Reaches

The flood plain was divided inte 15 evaluation reaches (figure 4) due to
the diversity of damageable values and flood plain characteristics. This
break simplified the evaluation of the effects that various combinations
of structural measures will have on the reduction of damages. Three
reaches involve urban areas.

Determination of Damages

Because of the large amount of floodwater damage te residential and com-
mercial property, the synthetic frequency method of analysis was used on
the main stem of Pecan Baycu, Adams Branch, and Willis Creek. Urban
damage schedules were taken on approximately 850 residential and commer-
cial properties in reaches 5, 6, and 7, to obtain damages experienced from

the 1945, 1956, and 1957 floods.
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The 1945 fluod whicli was found to be a 50-year event was evaluated and used
as a basis to estimite damages that might be expected from o 25-year, 50-
year, and 100-year flood under present development. WHigh water elevations
for tlie 1945 and 1956 flocds were used to determine peak discharges, which
in turn were related to stages calculated for the synthetic series. Stage-
damage curves were developed to cover the range of damage producing floods.

Individual inspection and interviews with property owners provided informa-
tion on property values, iind of property damaged and amount of damage when
flooded at different depths. The urban damage schedules were summarized

to show the flood damages by stage of fleoding and used to develop a stage-

damage curve for each reach.

Information for estimating damages to roads, bridges, railroad facilities,
streets, sewers, and other utilities, was obtained from County commission-
ers, State highway officials, railroad officials, and Brownwood city offi-
cials, and supplemented by data from farmers and home owners.

Agricultural damage estimates were bhased on damage schedules taken in the
field, covering about 60 percent of the flood plain ownership. Infermation
on land use, cropping system, average yields, damage to crops, irrigation
systems, pumps, farm equipment, fences, livestock, and historical data

on flooding and flood damages was obtained. Analysis of this information
formed the basis for determining damage rates at various depths and seasons
of flooding. Applicable damageable rates of each crop were applied, flood
by flood, to the floods oecurring in the period 1922 through 1961. Adjust-
ments were made on reaches using the histeorical series to account ior the
effect of recurrent flooding when several floods occurred within one year.
Damage rates were applied to the annual flood frequeney series in reaches
where the 100-year frequency method of analysis was used.

the flood plain was not well defined, the overland ilow
method of analysis as presented in Chapter 3 of the Economics Guide was
used in estimating damages under the various conditions considered. From
information furnished by local farm operators the aread which would be
flooded by an acre-foot af water flowing overland was estimated. Damage
information obtained for floods of record furnished the basis for damage
rates used in estimating damages in these reaches. Crop and pasture dam-
ages calculated under this method alsc were adjusted to reflect the effect
of recurrent flooding when several floods occurred during the same year.

In 5 reaches where

In the calculation of crop and pasture damage, expenses saved, such as
the cost of harvesting and production inputs, were deducted from the gross
value of damage. The flood plain land use was mapped in the field.

Estimates of flood free yields were based on data obtained from landowners
and operators and agriculturzl workers familiar with the area. These
yields were adjusted to allow for expected yield increases resulting from
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advances in technology. The adjustments were based on the assumption that
management and production practices now used by the better farmers would
be in general use over the life of the project.

Monetary value of the physical damage to the flood plain from erosion
and from deposition of sediment was based on the net value of the produc-
tion lost, taking into account the time lag for recovery and discounting

accordingly.

Indirect damages from floods included re-routing of school buses, addi-

tional travel time for farmers and extra feed for livestock following

floods. Also, in urban areas, there is a loss of business, loss of labor

: when plants are closed, and loss of perishable products when freezing

E] units are flooded. Based on information obtained from watersheds previous-
ly analyzed, it is estimated that these indirect damages will approximate

10 percent of all direct damages.

Benefits from Reduction of Damages

Average annual damages within the watershed were calculated for conditions
without a project, with land treatment installed, and after installation of
the complete project, which includes a complete program on the drainage area
above Lake Brownwood. The difference between the damage at the time of
initiation of each project increment and that expected after its installa-
tion constitutes the benefits brought about by that increment through reduc-
tion of damages, Benefits creditable to the works of improvement under
construction and proposed above Lake Brownwood from the main stem of Pecan
Bavou in this watershed were determined from flood routings.

Benefits from reduction of urban damage, crop and pasture damages, and
flood plain scour resulted from the combined effect of reduction in area

inundated and reduced depth of inundation.

Reduction in the monetary value of sediment to Lake Buchanan was calculated
through straight line depreciation,

Installation of this project will provide benefits downstream on the main
stem of Pecan Bayou, below this watershed, and on the Colorado River.
Benefits to Pecan Bayou were determined by flood routings. Data from U.
S. Corps of Engineers reports were analyzed and benefits per acre-foot of
floodwater detention capacity amounted teo $0.09 for the Colorado River.

Restoration of Former Productivity and Changed Land Use Benefits

use and cropping systems had been made as a result of frequent flooding.
They were asked also what changes in land use and crop distribution might

E Farmers and ranchers in the flood plain were asked what changes in land
E be expected in the future with these floods reduced in extent and frequency.
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F Pi Using their responses as a guide, it was estimated Lhat 285 acres of

& formerly evltivated land now in pasture would be returned to cropland and
restored to its former productivity with installation of this project.
Consideration was given tn the effect ot higher values on the damage from
the remaining flooding. The added productian, harvesting, and other costs
were deducted [rem the increased value of production. Benefits were dis-
counted over a 5-year period for lag in accrual,.

It was determined from this analysis that the average annual benefits
from restoration of former crop use will amount to $5,0669. These benefits
have been credited to the reduction of crop and pasture damage in table 5.

The fellowing table, covering evaluation reach 2B, shows the cropping
pattern, typical adjusted yields, cost of production, and the value of
restoration of former productivity. Similar tables were developed for the

other evaluation reaches.

: Value of : Direct
: Produc- : Produc- Net
: : : : tion : tion : Ret?rn
Land Use :Acres:Yield:Unit; 1/ : Cost L/ : 1
(dollars) (dollars) (dollars)
Without Project
E Oats (Grain) 128 40 Bu. 4,198 1,663 2,535
Oats (Grazing) - 2 AUM 783 13 770
Wheat (Grain) 69 15 Bu. 1,656 1,115 541
Wheat (Grazing) - 2 AUM 422 7 415
Pasture 157 1 AUM 480 16 464
Miscellaneous 7 - - - - -
E Total 361 - - 7,539 2,814 4,725
With Project
E Oats (Grain) 209 40 Bu, 6,855 2,715 4,140
Oats (Grazing) - 2 AUM 1,279 21 1,258
Wheat (Grain) 69 15 Bu. 1,656 1,115 541
Wheat (Grazing) - 2 AUM 422 7 415
E Pasture 76 1AM 233 8 225
Miscellaneous 7 - - - - -
ﬁ Total 361 - - 10,445 3,866 6,579
Increase in net return 1,854
Deduction for added damage 29
E Discount for delaying benefit accrual 133
Benefit to restoration 1,692
E L/ Long-term prices, September 1957 projection,
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%I The respouse [rom farmers and ranchers in the flood plain also indicated
that 1,456 acres now in wooded pasture would be cleared, grubbed, and
1eveled for irrigation and dryland farming. The associated development
costs, increased taxes, operation and maintenance, and overhead costs,

as well as additional damage that would occur, and the increased costs of
production and harvesting, were deducted from the increased value of pro-
duction brought about by the changed land use.

rEn Ty

The economic analysis of the changed land use program indicated that
benefits accruing from the changed land use, discounted for lag in
i accrual, would amount to $35,03L. Of this amount, $7,084 was credited
to structural works of improvement above Lake Brownwood.

;

E] The following table, covering evaluation reach 1, shows the cropping
pattern, typical adjusted yields, costs of productlon, and the value of
changed land use. Similar tables were developed for the other evaluation
reaches.
: : : : Value of : Direct
% . : : . Produc- : Produc- ; Net
i : . : . tion : tion : Refyrn
Land Use tAcres :Yield :Unit: L/ : Cost 1 i?
ﬁ (dollars) (dollars) (dollars)
Without Project
Wheat (Grain) 68 20 Bu. 2,176 1,112 1,064
Wheat (Grazing) - 3 AWM 624 7 617
Qats (Grain) 40 40 Bu. 1,312 520 792
Oats (Grazing) - 3 AUM 367 4 363
Maize 128 1,800 Lbs 4,216 2,086 2,130
Tame Hay 39 1.8 Ton 1,575 928 647
Tame Pasture 34 4.3  AUM 447 267 180
Pasture 2,253 1AM 6,894 225 6,669
! Miscellaneous 27 - - - - -
Total 2,589 - - 17,611 5,149 12,462
With Project
@ Wheat (Grain) 68 20 Bu. 2,176 1,112 1,064
Wheat (Grazing) - 3 AUM 624 7 6l7
Cats {(Grain 100 40  Bu. 3,280 1,299 1,981
ﬁ Gats (Grazing) - 3 AUM 918 10 908
Maize 128 1,800 Lbs. 4,216 2,086 2,130
Tame Hay (Dry) 39 1.8 Ton 1,575 928 647
@ Tame Hay (Irrigated) 50 8.75 Ton 9,855 7,379 2,476
Tame Pastuve (Irri.) 100 21 AUM 36,446 22,100 14,346
Pasture (Dry) 2,077 1 AUM 6,356 208 6,148
Miscellaneous 27 - ~ - - -
Total 2,589 - - 65,446 35,129 30,317
% (footnote end of table.)
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Benefits from changed land use. reach 1 - continued

Increase in net return 17,855
Deduction for added damage 660

Less incrcased taxes, overhead, and operation
and mainlenance 1,190
1,114

Less associated development costs
Discount for delay in benefit accrual 2,338

Beneflit to changed land use __12,553

1/ Long-term prices, September 1957 projection.

Enhancement Type Benefits

Based on information obtained from local developers, builders and city
officials, it is estimated that some urban development will take place
after installation of the project. A total of 167 acres of flood plain
land along Willis Creek in Brownwood which will be protected from flooding
by the 100-year event with the project installed. This land will be a de-
sirable residential area and is expected to develop when protection is
provided. A part of the land has been plotted for street layout and sub-
divided into lots. When the entire area is plotted it is expected that 25
acres will be used for streets. The remaining 142 acres will be subdivided
into building lots with about four lots per acre or a total of 568 lots.

Benefits were based on the annual equivalent value of the increase in
caplital value of land converted from agricultural use to residential use.
The market value of the 167 acres of agricultural land is estimated to be
$500 per acre or a total value of §83,500. The value of building lots in
this type development are estimated to be $2,000 per lot or a total value
for the 568 lots of $1,136,000. The cost of engineering surveys and other
planning and layout costs were estimated at $100 per lot or a total of
$56,800. The net increase in value of land $998,700 was amortized at 5
percent over the 100-year evaluation period to determine the average
annual urban enhancement benefits of $50,163.

Incidental Water Management Benefits

Based on previous studies completed on similar projeets, together with
analysis of available local information and population data, it was esti-
mated that use of sediment pools open to the general public would approxi-
mate 22,574 visitor days. About 5,700 peuple are expected to use the
available facilities with a daily peak use of 750 persons. A gross value
of $1.00 per visitor day was used siuce facilities for parling, picnicking,
fishing, camping, and hunting will be available. The annual cost of these
measures and maintenance were estimated and deducted as associated costs

in arriving at a net value of $0,50 per visitor day.
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The analysis was based on the assumption that the capacity of sediment
pools would remain adequate for recreational purposes for a peried of 40
years and decline to zero at the end of 50 years. The recreation bene-
fits were discounted to aliow for a 2-year lag in accrual and the

gradual decrease in sediment capacity. Values assigned per user day
were in accord with those suggested in the Watershed Protection Handbook,

The incidental benefits from use of the sediment pools as a livestock
water supply were based on data from the Green Creek Pilot Project study.

Data developed for similar areas by the United States Study Commission -
Texas, were used for evaluation of incidental irrigation benefits. These
data were adjusted to fit the local conditions with regard to soils,
Crops to be irrigated, and water supply. Costs of water application were
deducted as associated costs in arriving at net benefits,

Total net incidental benefits in the Brownwood Laterals watershed amount

to $15,316 annuvally. Associated costs incurred in attaining these bene-
fits were recognized in arriving at the net values. No additional instal-
lation costs were evolved in obtaining these benefits from storage in the
sediment pools of the structures. The following tabulation is the summari-
zation of the analysis:

Item : Per Surface Acre . Per Acre-Foot

(dollars) {dollars)

Recreation 14.60 3.01
Irrigation 21.77 3.23
Water Supply (Livestock) 2.30 .48
Total 38.67 6.72

Secondary Benefits

The value of local secondary benefits induced by or stemming from the pro-
ject were estimated to be equal to 10 percent of the direct primary bene-
fits, plus 10 percent of the cost of the additional agricultural production
and associated costs incurred in obtaining the increased production. This
excludes all indirect benefits from the computation of secondary benefits.

Appraisal of Land Easement Values

The value of easements was determined through local appraisal, giving full
credit to the current real estate market values. Areas inundated by
sediment pools of the floodwater retarding structures were excluded from
the damage calculations. An estimate was made of the value of production
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lost in the pool areas after installation of the project. The average

production within pool areas plus secondary casts
with the amortized value of easements. The ease-
therefore, easement values were used in economic

annual loss in value of
therefrom were compared

ment value was greater,
justification to assure a more conservative appraisal.

Details of Methodology

The historical storm series for the period 1922 through 1961 was used on
reaches 3, 4, 8, 9, and 10, and synthetic storm series on reaches 1, 2, 5,
6, and 7. The overland flow method of evaluation was used on reaches lA,
2A, 2B, 2C, and 2D.

evaluation are described in the Soi
for Watershed Protection and Flood Prevention, December 1958.

Details of the procedures used in these methods of
1 Conservation Service Economics Guide
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Figure 6

SITE DRAINAGE SITE DRAINAGE
NO. AREA ACRES NO. AREA ACRES
Paved Road Watershed Boundary 1 1744 14 686
g 2 2475 15 960
Floodwater Retarding Structure
Improved Road oodwa g A 1300 16 2420
Dirt Road Drainage Area Controlled by 3 5655 i 1280
t . .
Railrost SialEe 4 3384 18 4090
' i Benefited Area 5 1610 19 3336
Drainage '
¢ Channel Improvement 8 880 20 4128
County Line i 7 562 21 2688
” Floodwater Diversion 8 2080 22 1510
n
. Structure Site Number el 6504 23 1020
Cemetery 10 640 24 3065
- i e 1 620 25 1600
i2 e 26 4456
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