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WATERSHED WORK PLAN AGREEMENT
between the

Brown-Mills Soil Conservation District
Local Organization

Central Colorado Soil Conservation District
Local Organization

Lower Clear Fork of the Brazos Soil Conservation District
Local Organization

Middle Clear Fork Soil Conservation District .
Local Organization g

Upper Leon Soil Conservation District
Local Organjzation )

The City of Clyde, Texas
Local Organization

Brown County Commisaioners Court
Local Organization

Callahan County Commissjoners Court
Local Organization

Coleman County Commissioners Court
Local Organization

Taylor County Commissioners Court
Local Organization
(hereinafter referred to as the loclllorganization)

STATE OF Texas

and the
SOIL CONSERVATION SERVICE

UNITED STATES DEPARTMENT OF AGRICULTURE
(hereinafter referred to as the Service)

Jhereas, the reaponsibility for administr&tion of the Flood Prevention Program
authorized by the Flood Control Act of 1936, as amended and supplemented, has
>een agsigned by the Secretary of Agriculture to the Soil Conservation Service;

and .

fhereas, there has been developed through the cooperative efforts of the local
srganization and the Service a mutually satisfactory plen for works of improve-
vent i{or sald watershed, designated as the watershed work plan for  Upper
Pecan Bayou Watershed, State of Texas , which
vatershed work plan is annexed to and made a part of this sagreement; and

ABA-TCH-FORY woddW. TTE (EDY
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Whereas, the watershed work plan describes the watershed and its problems, and
sets forth a plan for works of improvement including a schedule of operations,
the kinds and quantities of measures to be installed, the estimated cost, cost-
sharing arrangements, maintenance and other responsibilities of thossa partieci~’
pating in the project, and economic justificationm for installing, operating and

maintaining the works of improvement;

It is further understood that this agreement does not constitute & financial
document to serve as a basis for the obligation of Federal funds, and that
financial and other assistance to be furnished by the Service in carrying out
the watershed work plan is contingent on the appropriation of funds for this
purpose and on the execution of supplemental agreements setting forth the cost~-
sharing arrangements and other conditions that are applicable to specific works

of improvement.

It is further agreed that the watershed work plan may be amended or revised,
and that this agreement may be modified or terminated, only by mutual agreement

of the parties hereto.

No member of Congress, or resident commissioner, shall be admitted to any share
or part of this agreement, or to any benefit that may arise therefrom; but this
provision shall not be construed to extend to this agreement if made with a

corporation for its general benefit.

The program conducted will be in compliance with all requirements respecting
non~discrimination as contained in the Civil Rights Act of 1964, and the
regulations of the Secretary of Agriculture (7 C. F. R. Sec. 15.1-15.13), which
provide that no person in the United States shall, on the ground of race, color,
or national origin, be excluded from participating in, be denied the benefits
of, or be subjected to discrimination under any activity receiving Federal

financial assistance.

The sponsoring local organizations agree that all land on which Federal cost-
sharing has been provided will not be sold or otherwise disposed of for the
evaluated life of the project except to a public agency which will continue to
operate the development in accordance with the Operation and Maintenance Agree-
ment. The lease of land for concessions will be permitted for essential

pPurposes such as lunch stands, boat rental docks, etc.

Now, therefore, in view of the foregoing congiderations, the Sponaoring
Local Organization and the Secretary of Agriculture, through the Service, hereby
&zree on the watershed work plan, and further agree that the works of improve-
ment 88 set forth in said plan can be installed in about 10 years.

It is mutually agreed that in installing and operating and maintaining the
works of improvement substantially in accordance with the terms, conditions, and

stipulations provided for in the watershed work plan:

1. The Sponsoring Local Organization will acquire such land, easements
or rights-of-way as will be naeded in connectiom with the works of

improvement. (Estimated Cost $708.485). The percentages of this
cost to be borne by the Sponsoring l.ocal Organization and the Servics
are as follows:

=1es4a 10-41
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Estimated
Sponsoring Land, Easements, and
Works of Local Rights~of Way
Improvement Organization Service Cost
(percent) (percent) (dollars)
Floodwater Retarding
Structures 1 through 6
and 8 through 33 100 0 536,925
Multiple~Purpose Structure
No. 7 57.3 42,7 169,800
Payments to landowners |
for about 849 acres and
cost for relocation or
modification of improve~
ments
Legal Fees and Flowage
Eagements 100.0 0 1,760

2, The Sponsoring Local Organizationm will acquire or provide assurance
that landowners or water users have acquired such water rights
Pursuant to State law &s may be needed in the ingtallatiom and opera~

tion of the worke of improvement,

3. The percentages of construction costs of structural measures to be
paid by the Sponaoring Local Organization and by the Service are as

follows:
Sponsoring :

Works of Local Estimated
Inprovement Organization Service Construction Cost

. _ E;ercent) (percent) (dollars)
Floodwater Retarding Struc~ :
tures 1 thru 6 and 8 thru 33 0 100 3,127,260
fultiple«Purpose Site 7 34.4 65.6 222,622
{funicipal Water Qutlet 100.0 0 13,500
3asic Recreational Facili~
iles 50.0 50.0 35,560
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4. The percentages of the cost for installation services to be borme
by the Sponsoring Local Organization and the Service are as follows:
Sponsoring Estimated
Works of Local Installation
Improvement Organization Service Service Cost
{percent) {percent) (dollars)
Floodwater Retarding Struc-
tures 1 thru 6 and 8 thru 33 0 100 673,528
Multiple-Purpose Structure / -
Site 7 -Survey and Design only X 22.9 77.1 : 17,437
Municipal Water Outlet 100.0 0 2,000
Basic Recreational Facilities 50.0 50.0 5,334

1/ In addition, the Service will perform inspection and other installationm
services for which the Sponsoring Local Organization will reimburse
approximately $7,360 to the Service,

sl

6.

7,

10.

The Sponsoring Local Organization will bear the costs of administering
contracts for recreational facilities. (Estimated Cost $500,00).

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

The Sponsoring Local Organization will provide assistance to land«
owners and operators to assure the installation of the land treatment

measures shown in the watershed work plan.

The Spomsoring Local Organization will encourage landowners and
cperators to operate and maintain the land treatment measures for the
protection and improvement of the watershed.

The Sponsoring Local Organization will be responsible for the operatiom
and maintenance of the structural works of improvement by actually per=-
forming the work or arranging for such work in accordance with agree=-
ments to be entered into prior to issulng invitations to bid for con-

struction work.

The costs shown In this agreement represent preliminary estimates. In
finally determining the costs to be borne by the parties hereto, the
actual costs incurred in the installation of works of improvement will

be uged.

Brown-Mills Soil Conseryation District

Local Organization
By ‘ff;%;%;ﬁ:
Title _ S UFPELViS0K )

Date g-F-¢5
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The signing of this agreement was authorized by a resolution of the governing
body of the Brown-Mills Soil Conservation District
Local Organization

adopted at & meeting held om §-zs. §> .

%S ecretary, Local Organization)

Date 7 —/6 —6s

5

Central Colorade Soil Conservar:.:loﬁ Diatrict

Local Organiw _
A
By'<;;LffE): /;225?—'

i

1

itle/ CHAIRDAN, :
te 7-9-65"

The signing of this agreement was authorized by a resolution of the governing
body of the __ Central Colorado Soil Conservation District
Local Organization

adopted at a meeting held on i 7- év 4

Local Organization)

o
Date _Z. /p- & §

Lower Clear Fork of the Brazos Soil Conservation Distric
Lgcal Organization

By A

Title “NICE - CHARMAN

L

Date T -/ -65

The signing of this agreement was authorized by a resolution of the governing
body of the Lower Clear Fork of the Brazos Soil Conservation District
Local Qrganization

adopted at a meeting held on 9— E("’ b5~

/
(7' (Secre:ary, Local Organization)

Date 5} O -5

- 19344 1035



Date ?-' 7-’44_6-;

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

ing body of the __ : Middle Clear Fork Soil Coneervation ct
Local Organization
~
. adopted at a meeting held on 7‘— 7 - é S

(S5ecretary, Local OrganizstZon)

Date j—-/ﬁ — é é_-

. Upper Leon Soil Conservation District
Local Organization

By Z
A

Date g - 7—é5—

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

ing body of the Upper Leon Soil Conservation District
. Local Organization
.'-/
adopted at a meeting held on’ 7" 7 - éﬁ -

(Secretary, local Organization)

Date 9"’/:;55—-

tesap 10-84
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The City of Clyde, Texas
Lecal Organization

vy _Yanlf Kbl
el %z?‘,;/
vace L2 7, s~

The signing of this agreement was authorized by a resolution of the govern-
ing body of the The City of Clyde, Texas
Local Organization

. adopted at & meeting held on ?_— 7- /7¢ 5~

-

b
(Secretary, Local Organization)

Date G o) FES

- A A A W A A M e W W W W W W M W W W W m W E B E B B W B e O m m m -

Brown County Commissioners Court
~Local Organization

"_,. g _ -~ ,?
Title w

f
SN A 7

The signing of thia agreement was authorized by a resclution of the govern~
ing body of the . Brown County Commissioners Court -
Local Organization

adopted at & meeting held on éi( é“‘; SO - ES T
. | . /
£ 4)14,
(Secretary, Local Orgafiization)

Date _.&fﬁzb (e 2T e

- 19534m, 10-61% . ' 2_6’ "-l-l??'l“—’
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Callahan County Commissioners Court

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

ing body of the _ Callahan County Co Court -
Local Organizati,on

ad'opted at & meeting held on 57.-,7‘._ ¢ 5

(Secretary, Local Organization)
Date . /5, /f'fS"

- e W O W O W W o W O W W m Em R m m Em . - W W W S W W m -

- Coleman County Commissioners Court

Local Osganization
o Lor i

ritle Couon7TV J’uou—'

Date G -F-bS5

The signing of this agreement was authorized by a resolution of the govern-
ing body of the Coleman County Commissioners Court

Local Organization

—
adopted at & meeting held on M 9 /9 £
‘ : 74 7

E=SCTaey @R
' (Secre . Local Organ_:lz‘at ion)

Date P JO- /Y65

a-.usu' 10-48 . . . 269 Sal=l§THNe3
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, tcal Organization

By

Title z

Date 7- 7-6
The signing of this agreement was authorized by a resﬁlution of the govern-
ing body of the Taylor County Commissioners.Court

Local Organization

adopted at & meeting held on ﬂ(/ﬂ?&:@/ o/ - /?/J""‘

(Secretary, Local Organization)

nace,dZ;wA/ﬂf an

- m om oE W W W W T W W W W W @ % W wm O w W W ®m m o m o= om

L]

Local Organization

By

Title

Date

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

Local Organization

adopted &t a meeting held on

(Secretary, Local Organization)

Date

So0il Conservation Service
United States Department of Agriculture

By

Date

2-8% MalL-19TW4-§
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WORK PLAN

UPPER PECAN BAYOU WATERSHED
of the Middle Colorado River Watershed

Brown, Callahan, Coleman,
Eastland and Taylor Counties, Texas

Plan Prepared and Works of Improvement
to be Installed Under the Authority
of the Flood Control Act of 1944
as Amended and Supplemented

Participating Agencies:

Brown-Mills Soil Conservation District.
Central Colorado Soil Conservation District
Lower Clear Fork of the Brazos Scil Conservation District
Middle Clear Fork Soil Conservation District
Upper Leon Soll Conservation District
The City of Clyde, Texas
Brown County Commissioners Court
Callahan County Commissioners Court
Coleman County Comrissioners Court
Taylor County Commissioners Court

Prepared By:

Soil Conservation Service
U. S. Department of Agriculture

December 1964
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WATERSHED WORK PLAN

UPPER PECAN BAYQU WATERSHED
Of the Middle Colorado River Watershed

Brown, Callahan, Coleman,
Eastland and Taylor Countles, Texas
December 1964

SUMMARY QF_PLAN

General Summary

The work plan for watershed protection and flood prevention
for the Upper Pecan Bayou Watershed was prepared by the Soil
Conservation Service, 1n cooperation with the Brown-Mills Soil
Conservation District, Central Colorado Soil Conservation Dis-
trict, Lower Clear Fork of the Brazos Soll Conservation Dis-
trict, Middle Clear Fork Soll Conservation District, Upper
Leon Soil Conservation District, the City of Clyde, Texas, the
Brown County Commissioners Court, the Callahan County Commis-
Sloners Court, the Coleman County Commissiloners Court, and the
Taylor County Commissioners Court., The Federal participation
outlined in this work plan will be performed under the
authority of the Flood Control Act of 1944, as amended and

Supplemented,

The primary objectives of the project are to provide flood
protection to the agricultural lands Subject to flood damages
from Pecan Bayou and its tributaries, and proper land use and
treatment in the interest of soll and water conservation, Upon
completion and continued maintenance of the measures set forth
in the plan, a material contribution will be made toward main-
taining agricultural productlion at a level consistent with the

capabllities of the land,

The local sponsoring organizations also determined that the
City of Clyde, Texas, was interested in including additional
water storage and other related works of improvement for munic-
1pal and industrial water supply, and to develop a recreational
area with needed basic facilities for the watershed as an ob-
Jective for one floodwater retarding structure site, They also
determined that no organized group was interested in including
additional water storage or other works of improvement for ag-
ricultural or nonagricultural water management purposes in the

remaining sites,

The Upper Pecan Bayou Watershed 1s that portion of Pecan Bayou
and 1ts tributaries located above the Lake Brownwood dam, ex-
¢luding those areas drained by Jim Ned and Turkey Creeks. It
ls located in the Colorado River Basin in Brown, Callahan,
Coleman, Eastland, and Taylor counties, Texas, The watershed
comprises an area of 696,5 square miles, or 445,760 acres.

d4- 19548 1.8 »



Approximately 66 percent of the watershed is rangeland, 31
percent cropland, and 3 percent 1is 1in miscellanecus uses such
as roads, highways, towns and stream channels, There are
approximately 487 acres of Federal lands in the watershed,
These lands will not affect or be affected by the worka of
improvement proposed for watershed protectlon and flood pre-

vention,

The work plan proposes 1nstalling in a 10-year period a proJj-
ect for protection and development of the watershed, The cost
of 1natalling these measures, excluding work plan preparation
costs, 18 eatimated to be $6,680,609. Of this amount,
$2,51£,276 will be borne by local interests, and $4,166,333

by flood preventlon funds, In addition, local interests will
bear the entire cost of operation and maintenance.

Land Treatment Measures

s e .

Landowners and operators will establish land treatment mea-
sures which will help accomplish the projJect objectives,
Primarily, this treatment will conailst of meaaures, or a com-
bination of measures, which contribute directly to watershed
protection, flood prevention, and sediment control.

Costs of land treatment meaaures, exclualve of expected reim-
bursement from Agricultural Conservation Program Service or
other Federal funds, 1s $1,752,300. 1In addition, prior to
work plan preparation, landowners and operators have estab-
llahed land treatment meaaures at an estimated non-Federal
coat of $4,425,490, Also, prior to work plan preparation,
$128,000 of flood prevention funds were used by the Soll Cone
gervatlon Service to accelerate technical assistance to lande
owners and operatora, Acceleration of technical asslatance
will contlinue during the perlod of installation at a cost of
$90,000. The work plan includes land treatment measures that
will be installed during the 10-year installation period and
those management and recurring-type practices that are neces-
aary for the project to be successful. Remalning land treat-
ment measures will be installed under the golng programs,

Structural Measures

The structural measures included in this plan consist of 32
floodwater retarding structures, one multiple-purpose struc-
ture with flood prevention, municipal and industrial water
supply, and recreation as 1ts purposes, and one set of basic
recreational facllitles, The 32 floodwater retarding struc-
tures have a total sediment storage and detentlon capacity of
61,265 acre-feet., The multiple-purpose atructure has 5,%95
acre-feet of sediment storage and detention capacity; 2,500
acre-feet for municipal and industrial water aupply; and 2,500
acre-feet for recreation.

d-1§%ag 12-64



The total estimated installation cost of the structural mea-
sures 1s $4,838,309, Of this amount, $761,976 will be borne by
local interests and $4,076,333 by Flood Prevention funds, All
structural measures will be installed during the 10-year 1in-

stallatlion period,

Damages and Benefits

The reduction in floodwater, sediment, flood plain erosion, and
indirect damages will directly benefit approximately 350 owners
of 27,593 acres of agricultural lands in the 29,621 acres of
flood plain in addition to owners of nonagricultural facllitles
within the watershed. Flood plain owners and operators below
the project area also willl benefit from reduced flooding.
Processors of agricultural commodities and other businesses 1n
the area will benefilt from the project.

The estimated average annual floodwater, sediment, flood plain
erosion, and indirect damages without this project total
$433,055, at long-term price levels. With the proposed land
treatment and structural measures installed, average annual
damages from these sources are estimated to be $144,428, a re-

duction of approximately 67 percent,

The municipal and industrial water supply storage in the mul-
tiple-purpose site will supplement the present supply provided
by wells which serve an estimated 1,420 people and are insuf-
filclent for present needs., The projected growth 1s expected

to be 4,000 by 1983. The benefits from thils storage were de-

termined to be $11,394 annually.

The proposed recreational development will increase the oppor-
tunity for water-based recreation for an estimated 266,000
people living within a 50-mlle radius of the project., It 1s
estimated that about 20,000 visltor days of use will be made
of the proposed facllitles annually. The benefits from thils
storage were estimated to be $30,000 annually.

The average annual Erimary benefits accruing to Structural mea-
sures total $368,644, and are distributed as follows:

Floodwater damage reduction $203,628
Sediment damage reduction 18,02
Erosion damage reduction 11,665
Indirect damage reduction 22,716
Incldental benefilts 12,795
Changed land use benefits 14,406
Benefits outside project area 44,015
Benefits from Municipal and Industrial
water-storage supply 11,394

Benefits from Recreational development 30,000

d-18%4m 12-64d



Benefits that are incildental to the project purpose amount

to $12,795 annually. They are: recreation, $10,523, and
livestock water, $2,272. No additional project installation
co3ts or extra storage are required to produce these benefita,

Net secondary benefits will average $35,286 annually.

The total benefits of land treatment measures were not evalu-
ated in monetary terms since experience has shown that these
soil and water conservation measures produce benefits in ex-

cess of their costs.

The ratlio of the total average annual beneflts accrulng to
structural measures ($HO?,930) to the average annual cost of
these measures ($173,333) is 2.3 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, Callahan, Coleman,
and Taylor counties, These funds will be adequate and avail-
able for financing the local share of the coast for floodwater

retarding structures.

The City of Clyde, in cooperatlion with the Central Colorado
Soil Conservation District, willl provide the local share of
funds necessary for installation of the multiple-purpose
structure and the basic recreational facilitles.

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 sponsoring local Soil Conservation

District, or districts, involved,

Structural measures will be maintained jJolntly by the County
Commissioners Courts and the Soil Conservation District within
whose boundaries the structures are located, The value of the
average annual cost of operating and maintaininﬁ the 32 flood-
water retarding structures 1s eatimated to be $4,830, at
long-term price levels,

The City of Clyde will be responsible for the operation and
maintenance of the multiple-purpose structure and the associ-
ated baslc recreational facilitles at an estimated average

annual cost of $10,000,

49194548 Vi-n4



DESCRIPTION OF WATERSHED

Physical Data

Pecan Bayou rises in west-central Callahan County about three
miles north or Eula, Texas, and flows southeast through Calla-
han, Coleman, Brown and Mills counties for approximately 144
miles. It discharges into the Colorado River about nine miles
west of Goldthwalte, 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
reservolr, Lake Brownwood, formed by an impounding dam Just -
below the Junction of Jim Ned Creek and Pecan Bayou, approxi-
mately elght miles north of Brownwood, Texas. This dam 1s
about 59 miles upstream from the confluence of Pecan Bayou with
the Colorado River and forms the lower 1limit for the proJject.

The Upper Pecan Bayou watershed comprises that dralnage which
enters Pecan Bayou above the Lake Brownwood dam, exclusive of
that from Jim Ned and Turkey Creeks, both of which have water-
shed protection and flood prevention work plans developed for
thelr respective areas. The principal tributaries are: Little
Pecan Bayou, Middle Fork of Pecan Bayou, Dudley Fork of the
Middle Fork of Pecan Bayou, Tecumseh Fork of the Middle Fork
of Pecan Bayou; Kaiser, Condemned, Clear, Crooked, Holloway,
Hog, and Red River Creeks; and Burnt, Rough and Marshall

Branches,

The Upper Pecan Bayou Watershed has an area of 445,760 acres
(696.5 square miles), nearly all of which are in farms and

ranchesg,

Topography of the watershed 1s a moderate to gently rolling
plain, with areas of rather pronounced relief along portions
of the northeastern and western margins. Rocks of four major
geologlc perilods: Pennsylvanlan, Permlan, Cretaceous, and
Quaternary, crop out in the watershed,

The Pennsylvanlian periocd is represented by the shales, sand-
stones, conglomerates, and limestones of the Cilsco group. Ex-
posures are limited to about 140 square miles in the southeast

corner of the watershed,

The Permlian perliod is represented by the Wichita group, which
consists of alternating beds of limestone, shale, and some
sandstone and conglomerates. Its outcrop occuples generally
the southern two-thirds of the watershed, extending westward
from 1ts Pennsylvanian contact to within four or five miles
of the western edge of the watershed.

The Cretaceous period consists mailnly of the Trinity group.
The rocks are generally poorly congsolidated sandstones, silt-

L ENEREY] [ FEX W ]



stones, and clays. A small amount of impure limestone is
present, The Trinity 1s exposed along most of the northern
one~third and western margin of the watershed, The Cretaceous
is represented also by the Fredericksburg group, which is com-
posed of limestone, shell conglomerates, and clay, It is con-
fined to small areas on the eastern and western boundaries of

the watershed,

The Quaternary period is limited to deep clayey flood plain
deposits along Pecan Bayou and 1its larger tributaries and to

a few 1solated terrace deposits,

The alluvial valleys of the major tributaries range from about
350 feet to about 2,500 feet in width, averaging 1,200 feet,
Valley widths on the main stem flood plain range from around
700 feet to about 9,000 feet, The average valley width on the
maln stem 1s about 3,800 feet, Elevations above mean sea
level on the flood plain range from 2,075 feet in the upper
reaches to 1,430 feet at Byrds Store just above Lake Brown-
wood. Elevations in the watershed range from about 2,300 feet
in the west central portion to 1,425 feet in the spillway of
Lake Brownwood at the lower end.

The watershed is In four land resource areas, namely: the
Rolling Plains, the North Central Prairie, the West Cross

Timbers, and the Grand Prairie,

The Rolling Plains comprises about 38 percent of the watershed
area and is confined to its south central portion., Solls in
this area consist of shallow, somewhat stony, fine textured
80lls on hills and ridges and deep silty clay solls on the
broad valleys and flats., Dominant 801l series are Valera and

Abllene-1ike soils.

The North Central Prairie, which comprises about 32 percent of
the watershed area, is located in its southeastern corner,
Soil textures vary from fine to coarse. The dominant soil
series of this area include: Darnell-Owens, Norwood, Renfrow,
Crawford, Miller, Frio, and unnamed clays and clay loams,

The West Cross Timbers occuples 28 percent of the watershed
area and 1s located in the northern and western portions.
Soll series include Nimrod, Windthorst, Stephenville, and May.

The remaining two percent of the watershed is 1in Grand Prairie,
The dominant soll series are Denton, Tarrant, and Crawford.

The solls 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 soll., Crop
resldue use 1s practiced effectively on about 60 percent of

the cropland,
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Hydrologic cover condition of the rangeland, in general, 1s
fair, with areas 1n good and poor condition. Fifteen range

sltes are in the watershed, Tney are:

Deep Upland Bottomland

Tight Bottomland Tightland

Sandy Loam Sandy

Deep Sandy Shallow Hardland
Shaly Hills Redland

Rolling Prairie Sandstone Hills
Pink Limestone Adobe

Low Stony Hills

The natural vegetation of the Rolling Plains portion consists
of the mixed prairile plant group. The dominant grasses are
indlangrass, buffalograss, Texas wintergrass, sideoats grama,
bluestems, and curly mesquite., The natural vegetation of the
Cross Timbers, North Central Prairie and Grand Prairie con-
813ts of savannah of post and live oak mixed with grasses.

Invading plants and plants which have increased with the over-
use of rangeland, 1lnclude perennial threeawn, hairy tridens,
Texas grama, mesquite, prickly pear, cactus, and many weedy
annuals, The range conditlion classes of the watershed are as
follows: excellent, 1 percent; good, 18 percent; fair, 53 per-

cent; and poor, 28 percent.

The overall land use 1s:

Land Use Acres Percent
Cropland 138, 400 31
Range 295,909 66
Miscellaneous 1/ 11,451 _
Total 545,760 100

1/ Includes roads, rallroads, highways,
towns, ete,

The mean annual welghted rainfall for the watershed is 25,86
inches, The minimum recorded weilghted rainfall was 15,43
inches, and the maximum, 38.64 inches. Rainfall 1s fairly
well distributed., The wettest months are April, May, Septem~
ber, and October, Individual excessive rains may occur in any
season, but are most frequent 1n the spring and fall months.

Average temﬁeratures range from 84 degrees Fahrenheit in the
summer to 44 degrees 1in the winter. The normal frost-free
season of 228 days extends from March 27 to November 10,

Wells and farm ponds supply a majority of the farmers and
ranchers with adequate water for domestic and livestock use,
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except for perlods of prolonged drought. Pecan Bayou has
numerous water holes, some created by lowwater dams, which
supply additional stock water throughout the major part of

the year.

Lake Brownwood, Just 1nside the watershed, furnishes water of
good quality for municipal and industrial uses 1n the Brown-
wood area as well as for irrigation outside and below the
watershed area. Thls lake also furnishes water to farmers and
ranchers 1n the watersheds adjolning or nearby.

The towns of Burkett and Clyde obtain theilr water from shallow
wells, Burkett has ample water for present needs, but the

present supply would not support any growth or expansion.
Clyde 1s short on water and 1s seekling additlonal supplies.

Economic Data

The economy of the watershed 1s based primarily on agricul-
tural production. Production of petroleum products, however,
is significant throughout most of the watershed., The prin-
cipal agricultural enterprise i1s the production of beef cattle,
The cow-calf operation predominates where fall-born calves are
run on temporary pasture with thelr mothers during the winter,
then grazed on open pasture during the summer and sold 1n the
fall as baby beef at around 600 pounds, Some animals are sold
around July 1 at weights of 275 to 300 pounds,

Another beef cattle enterprise, the stocker cattle operation,
1s practiced in the watershed, 1In thls operation, ranchers
buy local cattle and cattle shipped in from East Texas or out-
of-State, welghing around 300 to 400 pounds, and run them on
small graln pasture untll about March 15, then pasture them
until about July 1, when they are sold at welghts of 750 to
800 pounds, Some mixed feed and/or cake 1is fed while they are
on pasture which has been deferred.

Other livestock enterprises 1nclude dairying, sheep for wool
production, and Angora goats for mohalr production., In addi-
tion, poultry and poultry products contribute to the economy

off the watershed.

The cropplng pattern 1s quite diversified. Principal crops
grown 1n the watershed are oats and wheat for grain and tempo-
rary winter pasture, grain sorghums, hybrid sudan for hay and
pasture, cotton, and peanuts. The acreages devoted to allot-
ment c¢rops such as wheat, cotton and peanuts, have become less

significant each year.

Present fleld observations indicate that more attention is
directed toward the production of hay, graln and pasture for
on-farm use in livestock production.
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Cotton and peanut production has decreased considerably since
1950, whlle production and sale of livestock has 1lncreased
steadlly. Considerable acreage of the less preoductive upland
has been and is belng converted to Improved pasture, primarily
because of unfavorable cost-price relationships of cash crops
and a shertage of farm labor., In the flood plain, some acre-
ages of cropland have been converted to grassland because of
floodwater and eroslon damages, It 13 anticipated that the
trend of increasing llvestock production will continue in the

uplands of the watershed,

The trend in farming in Brown and Callahan counties is shown
on the following table:

: Year 1850 T Year 1960 "
Item :” Brown : Callahan:” Brown : Callahan
County : County : County : County

Farms

Number 1,769 1,151 1,220 828
Average Size, Acres 320 408 443 630
Average Value, Dollars 14,868 18,824 31,758 34,144
Crops
Harvested Acres 105,989 91,341 42,958 43,963
Value, All Products
Sold, Dollars 5,671,456 4,293,377 5,690,693 4,660,006

Value, All Crops

- Sold, Dollars 2,135,591 1,990,344 881,730 625,093
Corn, Acres 6,929 3,499 547 500
Cotton, Acres 12,110 9,346 2,838 5,823
Wheat, Acres 23,021 26, 667 6,614 10,580
Oats, Acres 16,846 8,691 7,575 Y,767
Peanuts, Acres 8,403 7,214 4,041 2,994
Grain Sorghum, Acres 20,142 26, 508 14,143 14,486
Alfalfa, Acres 1,007 82 273 57

Livestock
Cattle] Calves, Number 36
8]

g4y8 41,089 37,036 40,278
Sheep & Lambs, Shorn 488

7,527 82,473 20,589

Labor
Family Workers ginclud-
ing operators) Number 1,426 gy2 1,432 930

- —

Source: USDA Census of Agriculture

It can be seen that mechanlzation and Increased technology has
resulted in an increase in farm size, thereby decreasing the
number of farms and farm employment. The decrease in farm num-
bers and increase 1In farm size is expected to continue for some

time,
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The average slze farm in the watershed is about 650 acres and
the current market price of land is $125 to $165 per acre.
Flood plain lands range from $175 to $225 per acre. Agricul-
tural land 1s largely owner-operated with about 25 percent be-
ing leased or rented, Usually the leased or rented land 1is
operated by a nelghboring landowner,

The watershed 1s served by a good system of roads and highways.
U. S, Highways 80, 183, and 253, and State highways 279, 206,

and 36 pass through the watershed, Farm-to-Market and other
county roads provide all weather travel within the watershed.

Excellent railroad shipping facilities are available, The
Texas and Pacific Rallroad crosses the northern edge of the
watershed, wilth lcading facilities at Clilyde. The Gulf, Colo-
rado and Santa Fe Railway route is on the southwest edge Just
outside the watershed, with loading facilities at Brownwood

and Coleman,

Clyde, population 1,116 according to the 1960 census, 1s the
largest town in the watershed. It 13 located in the extreme
northwest portion and serves as a commercial point for this
part of the watershed. Other small towns in the watershed are

Burkett, Eula and May.

The citlies of Abilene, population 90,368, and Brownwood, popu-
lation 16,917, which lie outside and on oppeosite ends of the
watershed, along with Coleman, population 6,371, in between
are the principal banking, commercial, marketing, and shipping
points for this watershed. They also serve as distributing,
processing, and supply centers for most of the agricultural
activities of the area. Other small towns outside and adja-
cent to the watershed that depend on agricultural enterprises
from this area are Baird, Cross Plains, and Rising Star.

Land Treatment Measures

The Brown-Mills, Central Colorado, Lower Clear Fork of the
Brazos, Middle Clear Fork, and Upper Leon Soil Conservation
Districts have been very active in establishing land treatment
measures and in initiating flood prevention work. They have
obtained a high degree of participation in this program from
farmers, ranchers, and other interested parties in the water-

shed.

The watershed 1s served by Soll Conservation Service work
units at Abilene, Baird, Brownwood, Coleman, and Rising Star,
which are assisting the Brown-Mills, Central Colorado, Lower
Clear Fork of the Brazos, Middle Clear Fork, and Upper Leon
Soll Conservation Districts. These work units have assisted
farmers and ranchers 1in preparing 714 soil and water conserva-
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tion plans on 290,717 acres (67 percent of the total agricul-
tural land) within the watershed., Of these, 613 are basic con-

gservation plans.

Technical guldance has been furnished 1n establishing and main-
taining planned land treatment measures, One hundred and
ninety-one conservation plans need current revisicn. About 51
percent of the needed measures have been applied, Where these
me&asures have been appllied and maintalned for as long as three
years, average crop and pasture ylelds have lncreased about

one-fifth,

Satisfactory soll surveys have been completed on 182,353 acres.
Another 18%,000 acres needing additional soil surveys will be
completed during the Installation period.

Land treatment measures installed before the development of
this flood prevention work plan are shown in table 1la.

WATERSHED PROBLEMS

Floodwater Damage

The flood plain consists of 29,621 acres, excluding 4,759
acres in stream channels (figure 3). It is the area that will
be inundated by the runoff from the largest storm considered
in the U40-year evaluatlion series. The runoff from this storm
approximates a three percent chance of occurrence storm.

At the present time, about 35 percent of the flood plain 1s 1in
cultivation; 64 percent in pasture or range; and one percent

in miscellaneous uses,

Some farmers and ranchers, on an individual basis, have at-
tempted to enlarge, straighten, and levee some streams with
very little effect in reducing flood damages. The adverse
economic and physical effect ot flooding has been felt through-
out the entire watershed and will prompt local participation

in the alleviatlion of the flood problem,

Flooding from Upper Pecan Bayou and its tributarles occurs
frequently, covering an average of 37,312 acres annually, in-
cluding areas flooded more than once a year. This causes
severe damage to growing c¢rops, other agricultural and nonag-
ricultural properties. Small local overflows occur at least
once or twice annually, causing limited damage to c¢rops, live-
stock, fences, roads, and bridges. In addition, severe ero-
sion takes place, especlally on recently plowed land., Pro-
ductivity 1s reduced causing some cropland to be converted from

cash crops to pasture.
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Flood of April 30 and May 1, 1956, caused heavy damages to crops, ¢rop-
lands, and rangelands,

Cotton crop destroyed and land heavily damaged by scour from the flash
flood of August 1955.
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The largest recent damagin% flood ocecurred on October 3-5,
1959, when approximately 18,458 acres were flooded in the four
maln stem evaluation reaches, 1, 2, 3, and 4 (figure 3) of
Upper Pecan Bayou. Information obtained from farmers and
ranchers showed damages in these reaches to be 1n excess of
§210 000. Damage to crops and pasture was approximately
72,é10 and livestock losses and damage to fences was estl-
mated to be $127,700. Nonagricultural damages to roads and
bridges were estimated at $g,842.

This was the largest flood cccurring in the area since 1930,
however, four other floods almost as large have occurred slnce
1956. During 1957, there were three overflows which caused
heavy damage 1in the watershed.

Spring floods damage seedbeds, growlng row crops, and maturing
small grains, and, conversely, fall floocds damage maturing
cotton, grain sorghums, peanuts, and growing small grain, In
this watershed, fall and winter floods can be as damaglng as
spring or summer floods, due to late harvesting of cotton and

peanuts,

Other agricultural damages are high in this watershed, espe-
clally on the main stem reaches. Some fences have to be re-
constructed as often as once every flve years, Frequent small
floods occcur two or three times annually, causing minor dam-
ages to fences. Interviews with farmers and ranchers indicate
that livestock losses of cattle and sheep are heavy from the

larger floods,

For floods expected to occur durlng the evaluation perlod, the
total direct average annual floodwater damage 13 estimated to
ve $337,197, at long-term price levels (table 5). This in-
cludes crop and pasture damages ($171,523), other agricultural
damages E$141,50 ), and nonagricultural damages to roads and

bridges 24,167).

Indirect damages, such as interruption of travel to and from
school and work, and interruption of community activities are
estimated to average $39,369 annually. :

In addition to monetary floodwater damages suffered, other sig-
nificant flood problems exist. Losses of 1ife have been re-
ported to have occurred at lowwater crossings in the Willlams

Ranch Community.

Sediment Damage

Deposits of silty elay, sandy clay and sllty sand occur annual-
ly on 6,640 acres of flood plain. Damage in terms of loss of
productivity of agricultural land ranges from 10 to 40 percent.
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.o

Road damage by flash flood. Non-agricultural damages are extremely heavy
and occur frequently.

Heavy fence, scour, and pastures damages caused by flooding on tributary
of Upper Pecan Bayou.
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The average annual monetary value of the overbank deposltion
damage 1s $22,025, at long-term price levels,

In addition to the sediment deposlited on the flood plain of
this watershed, an estimated 253 acre-feet of sediment 1s de-
livered to Lake Brownwood each year. This storage loss to the
Lake results in an average annual damage of $14,823.

Erosion Damage

Erosion rates in the watershed are low to moderate. Thils 1is
due to a combination of factors, 1lncluding gentle slopes, a
high percentage of rangeland which generally has a falr pro-
tective cover, and extensive land treatment practices such as
contour farming, terracing and crop residue use on the culti-

vated areas,

Upland sheet erosion accounts for approximately 80 percent of
the annual gross erosion; flood plain scour, 16 percent; and
streambank erosion, 4 percent,

Flood plaln scour occurs on 5,324 acres, wlth damages ranging
from 10 to 80 percent. The average annual monetary value of
the scour damage 1s estimated to be $19,641. Land damage from
streambank erosion is minor,

Problems Relating to Water Management

There 1s no need for group dralnage measures on agricultural
lands 1in the watershed. Irrigation 1s of mlnor importance,
although a small amount 1s carried out on lands adjacent to

Lake Brownwood by direct pumping.

About 5,000 acres located below the Lake Brownwood reservolir,
outside this watershed, have been or are under 1rrigation.
Adequate water of good quality ecan be made avallable to every
farm in the water district through an excellent distribution
system of concrete-lilned canals and concrete plpelines. Proper
water management on 1indlvidual farms 15 essential to developing
and maintalining 1rrigated land at 1ts highest potential.

Lake Brownwood supplles adequate water of good quality for
municlpal and industrial uses to the citles of Brownwood, Early
and Bangs, all located outside the watershed, With proper
water management, 1t 1s indicated that future water needs for
the area can be satlsfied from this source.

This exlisting lake, about eight miles north of Browhwood, also
is valuable for recreational activities. It has commerclal,
private and State park facllities along the 90 miles of shore-
line, and has a water surface area of approximately 7,500

acres. Permlts for boating and fishing exceed 200,000 annually.
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Lake Brownwood State Park, an area of about 500 acres, has
cabins and playground areas, and facllitles for picnicking,
boating, swimming, fishing, watersports, and dancing. Visi-
tors to the State Park area are estimated by the National Park
Service to be about 100,000 annually. The total average
annual vlisitors 1s conservatively estimated to be at least

750,000,

- The City of Clyde, located in the extreme northwest portion of
the watershed, depends upon wells to provide water for munic-
ipal and Industrial uses. At present, the City 1s obtaining
1ts water supply from nine shallow wells. Critical water
shortages result from these wells during periods of prolonged
drought. These shortages would also result, at any time, with
fallure of any one of the larger producing wells. Such water
shortages retard industrial development, subject the City to
potentially high losses from fire, and cause a curtailment in

resldentlal water use.

The population of Clyde increased from 908 in 1950 to 1,116 in
1960, according to census reports. Projection based on water
meter connections shows the present population to be 1,420,

By comparison with growth of similar type cities within the
area, 1t was estimated that the City of Clyde will have a pop-
ulation of 4,000 persons by the year 1983. Even if these an-
ticipated populastions are not reached during the design period,
the influx of Industry to Clyde could easlly create water de-
mands equivalent to a population of 4,000 by 1983.

Needs for and adequacy of the multiple-purpose structure to
supply municipal and industrial water to the City of Clyde,
along with population growth estimates, have been determined
by a consulting englneering firm employed by the City. These
findings are presented in a report to the Cilty entitled,
"Clyde, Texas, Report on Waterworks and Sewerage Facillitiles,
June 1964, by Hennlngson, Durham and Richardson, Inc."

The City of Clyde also 15 interested 1n provliding recreational
development and supporting facilities in connection with munic-
ilpal and industrial water supply development in a multiple-
purpose reservolr. There are 15 cities and towns, and & total
urban and rureal population of over 106,000 within a 25-mile
radlus of the proposed development. There are about 266,000
people 1iving within a radius of 50 miles.

At present, within the 25-mile radius, Lake Fort Phantom H111
Reservolr, located about 20 miles northwest of Clyde, provides
limited recreation for residents of thils watershed and surround-
ing towns, Within the 50-mile radius, two other reservolrs,
Hords Creek and Lake Brownwood, also provide facllities for
recreation, Because of the population to be served, the exlist-
ing facllities are often crowded during the summer season. A
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development 1s needed 1n this watershed to make adequate
water-based recreation more readlly avallable to resldents of
the watershed and surrounding areas. A development of this
size will complement rather than compete with larger reser-

volrs.

According to the local sponsoring organizations, except for
the City of Clyde 1n one reservolr, there is no known other
local interest in providing storage in any of the other struc-
tures for irrigation, municipal or industrial water supplles,
fish and wildlife developments, or recreational activitles,
other than those developed incidental to the desligned project

purposes.
PROJECTS OF QTHER AGENCIES

Lake Brownwood, located 10 miles southwest of May, Texas, 1n
the extreme southeast portion of the Upper Pecan Bayou Water-
shed, 1s formed by a dam on Pecan Bayou just below the con-
fluence of Jim Ned Creek with the Bayou. It has a dralnage
area of 1,535 square mlles and was completed in 1932 by the
Brown County Water Improvement District No, 1 (figure 3). It
1s operated by the Distrlct under the laws of Texas for the
purpose of municipal and industrial water supply, lrrigatlon,
flood control and recreation. However, the principal purpose

is for water supply.

The exlsting lake has an estimated storage capaclty of 136,000
acre-feet at splllway crest, based on the 1959 sedimentation
survey by the Soil Conservation Service. The total storage at
the top of the water conservation level, 2 feet below the
splllway crest, 1s estimated to be 122,500 acre-feet. The
water district completed 1ts distribution system for deliverlng
water to lands within the dlstrict and to the City of Brown-
wood 1n 1939. This system 1s located below the lake and 1in

the Brownwood Laterals Watershed.

There 1s no provision for floodwater detentlon storage in Lake
Brownwood., However, the water district maintalns the lake
level 2 feet below the spillway crest, providing about 14,000
acre-feet of floodwater detention storage as well as some 1n-
cidental storage capaclty which results from water consumptlon
and evaporation, The district also lowers the maximum conserv-
ation pool during anticipated wet perlods. In addition, the
large amount of splllway storage has an appreclable dampening
effect on peak flows below the dam.

The U, S. Corps of Engineers 1n thelr prelimlnary draft of
July 1963 on "Review of Reports on Pecan Bayou Watershed,
Colorado River Basin, Texas”f re-examined and modified thelr
report of September 1948 on "Revlew of Reports on Pecan Bayou,
Texas (Tributary of Colorado River, Texas Flood Protectlon,

.19 %48 12+64



18

Brownwood, Texas", Thils was a re-investigation of the study
on Pecan Bayou Watershed completed in March 1939 (published
as House Document No. 370, 76th Congress, 1st Session) and
the Flood Control Acts approved August 18, 1941, and December
22, 1944, which authorized the construction of Hords Creek
Reservolr and the enlargement of the exlsting reservoir at

Lake Brownwood,

This most recent review presents a plan for installing certain
protection 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 16,000 feet of improved channels and diver=-
sions on Pecan Bayou, Adams Branch, and Willis Creek, respec-
tively, in and near the City of Brownwood.

If construction of the proposed Pecan Bayou Dam on Pecan Bayou
is authorized, it would affect six of the structure sites
planned in the development of this work plan. In return, some
modification to the proposed Dam would result from the remain-
ing 11 floodwater retarding structures and one multiple-pur-
pose structure above this proposed site.

These proposed reservoirs or the authorized projects of the
Soll Conservation Service under construction on the Jim Ned
and Turkey Creek watersheds, and this one planned on the Upper
Pecan Bayou Watershed, will result in substantial modification
of flood flows through Lake Brownwood splllway, thereby reduc-
ing peak discharges on Pecan Bayou below Lake Brownwood Dam.

In evaluating this plan, consideration was glven to the Fox
Crossing Reservoir, located just downstream from the mouth of
Pecan Bayou on the Colorado River, proposed by the U, S, 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 reser-
volr, benefits to the Upper Pecan Bayou project reflect the
facility in place by 2010. No benefits from reduction in the
Fox Crossing Reservoir sediment storage requirements were as-

signed to the upstream project.

The works of improvement included in this and similar plans in
the Colorado River Basin will have 8lgnificant effect, none of
which are detrimental, on existing downstream works of improve=-
ment and those proposed in the water resource development plan

for this basin,

The flood prevention program above Lake Brownwood will affect
minor reduction in immediate average annual runoff from the
watershed, Reduction in average annual runoff at the flood-
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water retarding structure sites is 11 percent. This 1s an
equivalent reduction of 5 percent over the watershed. This
reduction will decrease as the sediment pools are filled with
sediment. Thils program will significantly reduce sediment

delivered to Lake Brownwood.

- e . i A i e e e g

After a reconnailssance of the watershed was made by spec-
lalists of the watershed planning party, meetings were held
with the local sponsoring organizations to discuss existing
problems and to formulate objectives for a watershed protec-
tion development and flood prevention prugram. This watershed
depends almost entirely on agricultural enterprises for 1its
income. However, several small industries and processing
plants located around the watershed also contribute to and
stabllize the economy of the area, Livestock farming 1s the
major type of operation, Moderate to severe flooding causes
heavy losses of livestock and extensive damage to flood plain
lands, crops, pastures, and other agricultural properties,

It 1s recognized by the local sponsoring organlzations and
planning personnel that development of & sound watershed pro-
tectlion and flood prevention project must consider many prob-
lems, such as: the wide variation of soil types and treatment
needs; the shortage of municipal and industrial water; needs
for recreational facilitles; topography and structure site
locations; and consideration of existing and/or proposed sites

of other agencies,

Authorized work plans covering structural measures now under
construction have been developed on 838.5 square miles above
Lake Brownwood, namely, Jim Ned Creek Watershed (746 square
miles) and the Turkey Creek Watershed (92.5 square miles),
They will be considered in development of a plan for 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 and the proposed
plan, developed by the U. S, Corps of Engineers for this por-
tlon of the Pecan Bayou Watershed, was obtained and analyzed.,
Consideration would be given to the effects of the authorized.
Jim Ned Creek and Turkey Creek projects, All of the possl~
bilities for development were discussed with the local

sponsors,

The opportunities for including storage capacities for purposes
other than flood preventlon were explalined, as were the local
responsibilities in connection with completing a project. The
local sponsoring organizations considered the possibllity of
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providing storage for flood prevention, agricultural and non-
agricultural water management, and fish and wildlife develop-
ment which might be included 1In the project. The sponsors
determined that a project for watershed protection and flood
prevention would most nearly meet their needs and that the
Clty of Clyde was 1nterested 1n additlonal storage for munic-
ipal and 1ndustrlial use &nd for recreational develcopment 1n
one of the nearby proposed sltes. They also stated that no
other group or individual was Interested 1n additlional storage
for other purposes 1n any of the other reservoir sites,

In addition to expressing the desire for the establishment of
a complete program for soll and water conservation on the
watershed, the followlng specific objectives were named by the

local interests:

1.' Establish the remalning land treatment measures
which contribute directly to watershed protec-
tion and flood prevention, based on current needs.

2. ©Since plans by other agencies were only proposed,
develop this work plan giving due consideration
to those works of improvement that are authori-
zed, existing or functioning.

3. Provide water storage in a multiple-purpose
structure for municipal and industrial use for

the Clty of Clyde, Texas,

4, Provide water storage for a multiple-purpose
structure for recreational uses.

5. Provide baslc recreational facllities for a
public recreational development,

6. Attain a 65 to 70 percent overall reduction in
average annual flood damages so as to insure
sustained agricultural production on flood
plaln lands and maintain the economy of the
watershed.

7. Make a reservoir operation study to determine
the abllity of the multiple-purpose reservoir
to maintain thc desired supply of water through-
out the c¢ritical drought periods,

The Soll Conservation Service agreed that the desired level of
flood protection and watershed improvement was reasonable, It
also was agreed that a multiple-purpose structure was needed
and studles oi possibilities would be made.

Although reductlon in flooding woulu result from application ut’
needed land treatment measures, it was apparent that other
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flood prevention measures would be required to attain the
degree of watershed protection and flood damage reduction

desired by the local people,

Structural measures for watershed protection and flood preven-
tion, including one multiple-purpose structure which would be
feasible to 1nstall to meet the obJectives of the local spon-
soring organizations were then determined.

In selecting the sites for floodwater retarding structures,
conslideration was given to locations which would provide the
desired level of protection to the areas subject to flood
damage, This necessitated locating some structures in series
to provide protection to intervening flood plain lands, The
size, number, design, and cost of the structures was influ-
enced by the location of the damaged areas, the complex topog-
raphy, and the geologlic conditions of the watershed, together
with the avallability of embankment fi11ll material.

The recommended system of structures meets the projJect obJjec-
tives in providing the desired level of protection for agri-
cultural enterprises and satisfying the water management and
recreational needs of the watershed at least cost,

WORKS OF IMPROVEMENT TO BE INSTALLED

s i e, P . . . . . il . i el i .

Land Treatment Measures

o e ke, e i . s e,

An effective conservation program based on the use of each
acre of agricultural land within its capabilities and 1its
treatment in accordance with 1its needs, such as 1s now being
carried out by the Soil Conservation districts serving the
watershed, 1s essential for a sound flood prevention program
on the watershed., The establishment and maintenance of all
applicable soll and water conservation and management prac-
tices necessary to proper land use 1is basic to this objective.
Acceleration of the establishment of land treatment measures
which have a measurable effect on reducing floodwater damages

wil]l be emphasized,

There are 219,500 acres above the planned floodwater retarding
structures, Land treatment 1s especially important on these
watershed lands to protect the structural measures, The only
planned measures for the remaining upland area are land treat-
ment. A conservation program on more than 27,593 acres of
agricultural flood plain located outside the pools of proposed
structures also 1s important in reducing floodwater and erosion

damages,

The acreage in each major land use and the estimated cost of
establishing, on each, the needed major land treatment measures
that will be installed by landowners and operators during the
10-year 1installation period are shown in table 1. The local
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Contour farming, strip cropping, and crop residue use - practices that
prevent erosion and allow more water to soak into the ground.

Legumes improve the soll fertility and control erosion. Madrid clover
planted for cover crop and hey production.
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people will continue to install and malintaln land treatment
measures needed 1n the watershed after the 10-year installa-
tion period, under the going district programs,

There is a trend toward conversion of small fields of rolling,
eroded cropland, to hay or pasture usage., Most of the crop-
land in the watershed has a high productive capability, and

in recent years the trend has been toward better management
and fertilization to increase cover and residues., Also, the
use of small gralns is increasing considerably.

Most of the land treatment measures will function principally
to decrease eroslon damage to crop and pasture lands by 1m-
proving soil-cover conditions, These include conservation
cropping systems and crop residue use for the cropland, and
range seeding to establish good cover on grassland. They also
include brush contrel 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-destroylng 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 soll conditions which allow rainfall

to scak into the soll at a more rapid rate.

Other beneficlial land treatment measures include contour
farming, terracing, diversions and irrigation and water
management practices, all of which have a measurable effect

in reducing peak discharges by slowing runoff, These measures
also reduce erosion damage and sediment production,

Structural Measures

A system of 32 floodwater retarding structures and one multi-
ple-purpose structure with associated basic recreational
facilities having an installation cost of $4,838,309, will

be required to afford the degree of flood preventlon and to
provide the municipal and industrial water storage and the
recreational development desired, and mutually agreed on by
the local people. This flood protection cannot be provided
by land treatment measures alone, In addition to flood pro-
tection, the multiple-purpocse structure, having municipal and
industrial and recreational storage, and the associated basic
recreational facilitles, will provide a dependable water
supply, as well as a water-based recreational area for resi-
dents of the surrounding area (figures 4 and 8).

Flood detentlon storage in the structures will range from 2.37
to 4,60 inches of runoff, depending on local conditions. The
following tabulatlion reflects the degree of control, detention
storage in acre-feet and inches, and the equivalent detention
storage for the Pecan Bayou Watershed above Lake Brownwood:
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Establishing switchgrass on cultivated land being converted to range.
Two-year old field seeded in 3B-inch rows.

Deferred grazing and proper use increase rangeland production and reduce
801l and water losses,
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- T : : Upper :
Item : Unit : Pecan : Turkey : Total
_______ : t_Bayou _: Creek : Program
Drainage Area of watershed Sq.Mi. 696.5 92.5 789.0
Drainage Area Controlled
by Structures Sq.Mt, 343.0 52,8 395.8
Drainage Area Controlled
by Structures Percent 4g.2 55.0 50.2
Detention Storage Ac.Ft, 57,405 10,360 67,765
Capacity Equivalent Area _
Controlled Inch 3.14 3.67 3.21
Capaclty Equivalent Water-
shed Area Inch 1.55 2,10 1.61

Capacity was provided in the floouwater retarding structures

Lo store the 100-year accumulation of sediment, Water will be
stored to the top of the riser in the multiple-purpcose struc-
ture. The principal spillway of all other sites will be at

the 50-year sediment volume elevation. Where the 50-year sedil-
ment requirement exceeds 200 acre-feet, the riser will be
ported at thils level unless a permit is obtained.

To obtain the degree of protection desired by the local people,
several structure sites were located 1n series with and above

Sites 2, 24 and 27 (figure 8).

Figure 1 shows a section of & typical floodwater retarding

structure. Plans of a floodwater retarding structure typlecal
of those planned for thils watershed are 1llustrated by figures
7 and 7a. The locations of the structural measures are shown

on the Project Map (figure 8).

There are 10 lowwater c¢rossings on county roads and numerous
private intrafarm lowwater c¢rossings on the Upper Pecan Bayou
wWatershed that will be affected by the release flow from the
principal splllway of floodwater retarding structures. Two of
these lowwater crossings are in Taylor County, three in Calla-
han County, and five in Coleman County. Under present condi-
tlons, water flows over these crossings for relatively short
periods following rains, After the structures are installed,
the flow will be reduced in peak, but will be greatly pro-

longed,

In addition, three county roads immediately above Sites 2, 24,
and 30 will be temporarily inundated by backwater following
the 25-year or more frequency storm event (figure 8).

The total area of the sediment, municlpal and industrial, and
recreational pools is 1,805 acres, of which 766 acres are
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Runoff from heavy raine being controlled by floodwater retarding
structures in a nearby watershed.

Floodwater retarding structures releasing water slowly through
the principal spillway following heavy rains.
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flood plain. The detention pools will temporarily lnundate an
additional 4,232 acres, 1,262 acres of which are flood plain.

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

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

Refer to tables 1, 2, 2a, and 3 for detalls on quantlities,
costs, and design features of the floodwater retarding struc-

tures,

The multiple-purpose site contailns a total of 912 acres, of
which 725 acres are eligible for cost~-sharing assistance.

water surface aresa, including sediment, recreational and munic-
ipal and industrial 1s 449 acres at principal spilllway eleva-
tion. A total of 170 acres will ce required in connection with
recreation development. The basic recreational facilities will
occupy about 50 acres. In addition, 213 acres in the flood
detention pool wiil be available for public use for recreation
83 water level permits. About 63 acres of the detention pool
covered by flowage easements will not be availlable for recrea-

tion,

The reservolr will contain 2,500 acre-feet of storage for rec=
reatlional use, 2,500 acre-feet for municipal and Industrial
uses, 5,000 acre-feet for floodwater detentlon, and 495 acre-
feet for sediment, making a total of 10,895 acre~feet, The
outlet for municipal water will be installed by the local

sponsoring organlization,

Basic facilitles for recreational use will be installed adja-
cent to multiple-purpose Site No, 7. They will Include access
roads, parking areas, boat facilities, water supply, beach
developments, sanitary facilitles, and picnicking and camping
facilitles, Figure 4 shows the locations of these facilities,

Reservoir operation studies show that this reservoir will pro-
vide sufficient water to weather critical drought periods
{(figures 5 and 6).

EXPLANATION OF INSTALLATION COSTS

The estimated cost of planning and installing land treatment
measures, exclusive of Federal funds, is $1,752,300, based on
current program criteria (table 1}). 1In addition, prior to
work plan preparation, landownere and operators have estabe
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lished land treatment measures at an estimated non-Federal
cost of $4,425,490 (table la).

Prior to work plan preparation, $128,000 of flood prevention
funds were used by the Soll Conservation Service for the ac-
celeration of technical assistance to landowners and operators.
This technical assistance will be continued during the period
of installatlon at a cost of $90,000. Land treatment costs
are based on present prices being pald by landowners or oper-
ators to establish the individual measures 1in the area, The
land treatment measures to be applled and the unit cost of
each measure were estimated by the Brown-Mi111s, Central
Colorado, Lower Clear Fork of the Brazos, Mlddle Clear Fork,
and the Upper Leon Soll Conservation Districts,

The estimated cost of installing the 32 floodwater retarding
structures is $4,337,713. Of this amount, $536,925 will be
borne by local interests and $3,800,788 by flood prevention
funds, of which $3,127,260 is construction costs, and $673,528

1s Installation services.

Land, easements, and rights-of-way ($480,364); and relocation
of roads, bridges, utilitles and other improvements ($7,750)
for the floodwater retarding structures will be provided by
local Interests at no cost to the Federal government. The
value of these 1s estimated to be $488,114, based on current
market value estimated by local organizations. An additional
$48,811 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 englneers' estimates and
the contingencies. The engineers! estimates were based on the
unit costs of floodwater retarding structures in similar areas,
modified by speclal conditions pecullar to each individual site
location. They include such items as rock excavation, perme-
able foundation conditions, and site preparation. Geclogical
investigations included surface observations and hand auger

and core drill borings. More detailed geologlc 1investligations
willl be needed before constructlion, Ten percent of the en-
glneers' estimates was added as a contingency to provide for

unpredictable costs.

Installation services include englneering and administrative
costs, These estimates were based on an analysls of previous

work In this areas.

Cost estimates and preliminary designs for the multiple-purpose
structure Site No. 7 (figure Nos. 4 and 8) were made Jointly by
the consulting englneering firm employed by the City of Clyde,

and the Soll Conservation Service. -
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Jolnt costs for the multiple-purpose strubture were allocated
by the Use of Facllitles Method, es follows:

Purpose Acre-Feet Percentagzes
Flood Prevention 1/ 5,895 5l4.10
Recreational 2,500 22,95
Municipal and Industrial 2,500 22495
Total 10,4895 100,00

1/ 1Includes 895 acre-feet of sediment storage.

All costs for purchase of land, easements, and rights-of-way,
legal fees, surveys and relocatlion and modification of exist-
ing improvements were allocated to municipal and industrial
water supply and to recreation. Allocation ot these costs
was based on the total area required for the dam and reser-
volr minus the reservoir area for other purposes divided by
the total area. Required flowage easements were allocated to
flood prevention.

The municipal ocutlet structure and water rights are specitic
costs and were allocated to municipal water supply.

Costs of minimum basic facilities and asgoclated land were
assigned to recreation as a specific cost.

Cost-sharing was determined in accordance with Watersheds
Memorandum 3CS-64, including Supplement 1, thersto,

The joint cost of construction and installation services 1s
estimated to be $270,142, of which $61,998 was allocated to
recreation, $L46,146 to flood prevention, and $61,998 to water
supply. An additional $15,500 of specific costs was assigned
to water supply and 1ncludes $1,000 for water rishts and
$14,500 for the outlet works. All the costs of $75,89, tor
basic facilitles were allocated to recreation,

The cost for land, easements, and rights-of-way, legal fees,
surveys, and relocatlon and moditication of existling utilities,
fences and a farmstead 1s estimated at $139,060, of which
$112,000 was allocated to recreation, 25,800 to water supply,
and $1,260 to flood prevention,
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The total cost of the multi
to be $42i,702, of which $1

$173,998 1s recreation, and $103,298 1s water supply.
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le-purpose structure 1s estimated
,406 18 flood prevention,

The estlimated total installation cost for minimum basic facll-

ities 1s $75,894, of which $34,500 is for land.

The costs of

facllities included are shown 1n the following tabulation:

COST OF MINIMUM BASIC FACILITIES

: Unit :Number:Unit-Cost:

Item Amount
(dollars) ({dollars)
Roads
Gravel, 2 lanes Mi, 1.5 2,500.00 3,750.00
Shore Tralls Mi. 1.0 1,000.00 1,000.00
Cattle Guards Ea. 1 400.00 400.00
Parking Area
Rock Base/Gravel Surface Sq.Ft. 36,000 1,000.,00
Traffic Guard Barriers In.Ft. 1,000 0.30 300.00
Parking Spacers (40x60) Ea. 10 20.00 200.00
Water Supply
Pump, pumphouse, pressure
tank and clorinator Ea, 1 1,000,00 1,000.00
Distribution System In,Ft., 3,500 0.50 1,750.00
Electrical System
Lights for Restrooms, Beach
and Plcnic Area 2,000.00
Beach Development
Bathhouse Ea. 1 5,000,00
Sand for Beach Cu.Yd. 3,000 1,00 3,000.,00
Buoyant Safety Line In.Ft. 700 0.30 210.00
Curb for Beach In.Ft. 500 1.00 500.00
Boat Dock and Ramps
Boat Docks Ea. 2 1,000.00 2,000.00
Boat Launch Ramps, Concrete Ea. 2 500.00 1,000.00
Sanitary Facilities
Restrooms with Fixtures, sep-
tic tank & lateral lines Ea, 2 2,000.00 4,000.00
Picnic Facllities
Tables & Benches, concrete Ea. 30 75.00 2,250.00
Grills Es, 30 30.00 900.00
Trash Receptical Pads,concrete Ea. 10 10.00 100.00
Incinerator Ea. 1 200.00 200.00
Fencing
Net Wire In.Ft. 12,000 0.40 4,800.00
Signs and Markers 200.00
Subtotal 35,560.00
Installation Services _5,334.00
Total 40,894.00
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The Federal share of $275,545 will be borne by flood preven-
tion funds and $225,051 by the sponsors. Of the Federal share,
$203,045 will be for construction and installation services,
and $72,500 for land, easements, and rights-of-way.

The tentative schedule of obligations for the complete 10-year
project installation period, including installation of both
land treatment and structural measures 1s as follows:

SCHEDULE OF OBLIGAT;ONS
: Federal :Non-Federal:

Flscal

Year Measures : Funds : Funds : Total
{dollars) (dollars) (dollars)
First  Structure No. 7 238,09 172,104 410,202
Basic Recreational
Facj-lities 37:447 37:9}47 75:39“‘
Outlet for Municipal
Water 0 15,000 15,000
Land Treatment 1/ 9,000 140,184 149,184
Second Structure Nos.2,3,4,5 455,120 46, 420 501,540
Land Treatment 9,000 175,230 184,230
Third  Structure Nos. 6,8,9 476,304 52,815 529,119
Land Treatment 1/ 9,000 175,230 184,230
Fourth Structure Nos,.
: l, 10, 11, 19 426,310 56, 293 482,603
Land Treatment 1/ 9,000 210,276 219,276
Fifth Structure Nos. 20, 21,
22, 23, 24 438,611 67,100 606,711
Land Treatment 1/ 9,000 210,276 219,276
Sixth  Structure Nos. 25, 26,
27, 29, 30 463,106 82,335 545,441
Land Treatment 1/ 9,000 210,276 219,276
Seventh Structure Nos, 28,
31, 32, 33 423,415 79,145 502,560
Land Treatment ;/ 9,000 210,276 219,276
Eighth Structure Nos. 12, 13,
14, 15 536,812 56,017 592,829
Land Treatment 1/ 9,000 140,184 149,184
Ninth  Structure Nos.16,17,18 581,110 96,800 677,910
Land Treatment 9,000 140,184 149,184
Tenth  Land Treatment 1/ 9,000 140,184 149,184
Totals 4,166,333 2,514,276 6,680,609

1/ Includes only accelerated technical assistance.

This schedule will be adjusted from year-to-year on the basis
of any significant changes 1in the plan found to be mutually
desired, and 1in light of appropriations and accomplishments
actually made.
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The U. 3. Corps of Englneers in 1its proposed preliminary

plans for Pecan Bayou Wetershed, has a tentatlive locatlion for
a multiple-purpose structure at the lower end of Evaluation
Reach No. 3 (figure 3). The reservoir would have 10,100 acre-
feet of sediment storage;93,500 ecre-teet ol conservation
storage, and 102,700 acre-feet ol floodwater detentlon stor-
age. These plans are only proposed, and indefinite as no
funds for establishment of the project have been authorlzed,.
However, if this reservoir is authorized for constructlon in
the near future, the work plan would be revised to omit Sites
13, 14, 15, 16, 17, and 18 (figure 8). These sites are in the
elghth and ninth year of the tentative achedule of oblligations.
Prior to authorlzation of the proposed reservoir, only those
floodwater retarding structures will be bullt which are justi-
fied as a part of the system Ilncluding the Pecen Bayou

Reservolir,
EFFECTS OF WORKS OF IMPROVEMENT

After installation of the combined programs of land treatment
and structural measures described above, average annual tlood=-
ing, exclusive of flood plain inundated by structure pools,
will be reduced from 37,312 acres to 15,720 acres. This proj-
ect will benefit directly epproxlmately 350 owners of agricul-
tural flood plain lands, Reduction in area inundated variles
with respect to locatlon within the watershed. The effect of
the project in each evaiuatlon reach is shown in the following

tabulation:
Average Annual Area Inundated 1/

Evaluation Reach: Without : With :

{fizure 3) : Project : Project : HReductilon
(Acres) {Acres) (Percent)

1 4,746 1,763 63

2 6,290 1,927 69

3 4,763 1,593 67

I 9,386 2,685 71

5 1,510 1,322 iz

6 1,671 592 65

7 656 205 69

8 4,539 3,005 34

9 3,504 2,563 27

7\ 2u7 65 7L

Total 37,312 15,720 58

1/ Excludes flood plain inundated by flioodwater retarding
gtructures.
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The following presentation shows, by reaches, the area flooded
by the 3-year, 10-year, and 25-year frequency floods and reduc-
tions expected from the installed project:

_Area Inundated %{__

Evaluation Average Recurrence Interval

Reach : 3-Year : 10-Year 25-Year
(figure 3) :Without: With :Without: WIith™ :Withouf: With
_:Project:Project:Project:Project:Project:Profject

(Acres) (Acres) (Acres) (Acres) (Acres) {Acres)

2,360 1,411 2,680 2,370 2,976 2,550

1
2 3,160 1,095 4,200 2,675 4,570 3,460
E 2,210 1,150 2,840 2,140 2,980 2,410
4,630 1,580 6,800 3,970 7,932 5,390

5 1,040 933 1,690 1,880 1,987 1,900
6 840 358 1,190 695 1,382 843
7 385 163 617 329 703 LYN]
8 2,120 1,591 2,560 2,260 2,747 2,550
9 1,895 1,545 2,458 2,076 2,684 2,395
9A 105 18 332 84 602 165
Total 18,735 9,774 25,367 18,179 28,563 22,104

[es—

1/ Exclusive of flood plain inundated by structure pools.

Land treatment measures will reduce the present average annual
sediment yleld to the 32 floodwater retarding structures and
one multiple-purpose structure from O.41 to 0.33 acre-feet per
square mile of drainage area, a reduction of 20 percent. Sim-
ilar reductions are expected in other portions of the water-

shed.

The annual flood plain scour damage 1s expected to be reduced
about 69 percent. Six percent will be attributable to land
treatment and 63 percent to the structural measures.

The annual sediment yleld to the mouth of the watershed is ex-
pected to be reduced from 358,512 tons to 189,684 tons.

Land treatment measures in the watershed, plus sediment stor-
age 1n floodwater retarding structure pools will reduce loss
of storage capacity in Lake Brownwood by 147 acre-feet an-

nually.

Owners and operators of flood plain lands reported they would
restore 428 acres now in brush and other low yield pastures to
production of higher value c¢rops when adequate flood protec-
tion is provided. This land was formerly cultivated, but 1is
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now used only for grazing. It will be used to produce hay,
graln sorghum and small grains, other than wheat for on-farm
consumption. It was determined that no increase in allotted
crops would result in this changeover. Some small grains and
grain sorghums now grown on upland soils would be shifted to

the more productive bottomlands,

It was determined from discussion with farmers and other agri-
cultural workers that about 2,920 acres of flood plain lands
would be farmed more intensively with flooding reduced. The
timeliness of farm operations and a more secure feellng with
the project 1nstalled will result in the application of better
farming techniques, More fertilizer will be used, more insec-
ticides applied, and the use of certified and treated seed

willl be more common.

Shifts in upland use will reduce the total acreage of cropland
i1n the watershed during the projeet installation period. Al-
lotment crops of cotton, peanuts and wheat will be reduced to
some extent, Decreases in cropland will result from conver-
8lons in the pool areas of the floodwater retarding structures,
the area devoted to recreational use in the multiple-purpose
structure, and from the conversions of cropland to grassland
and grassed waterways as a result of the planned accelerated

land treatment program.

Some loss of wildlife habitat will result from the clearing

of sediment pools at a few of the structural sites, but these
losses will be offset by fish production and habitat for water
fowl. Wildlife use in the flood plailn areas will be improved
by reduction of frequency, depth, and duration of flooding.

The 449 surface-acre multiple-purpose reservolr to be con-
gtructed near the City of Clyde will provide & needed water-
based public recreational development for the 266,000 inhab-
itants living within a 50-mile radius., This reservolr and
adjacent land will provide recreation in the form of camping,
plenicking, hiking, swimming, boating, water-skling, and
fishing for an estimated 20,000 visitors annually. The most
intensive use will be during the period May through September,
with an estimated peak use of 300 people per day.

The multiple-purpose pool includes 2,500 acre-feet of municipal
water supply storage to supplement the present supply provided
by wells for the City of Clyde, Texas. The report of the con-
sulting engineering firm employed by the City 1indicates that
these water supplles will be adequate to meet the projected

needs,

Incidental benefits will result from use of the sediment pools
of floodwater retarding structures. It i1s estimated that 27
of these structures, with a combined total of 614 surface-
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acres 1in sediment pools, will be open to the general public for
recreation with the permission of the landowner., Recreation
such as camping, picnicking, fishing and hunting will be avail-
able to local people throughout the year. Based on recreation
at existing structures, it is expected that the project will
have an average use of approximately 21,024 visitor days an-
nually. About 5,250 people will use the facilities with a
daily peak use estimated at 600 persons., Recreational use of
sediment pools, open for public use, will cease after about

38 years.

Sediment pools of 32 floodwater retarding structures will pro-
vide a more dependable water supply for livestock,

Benefits will accrue to the project area from some reduction in
floodwater and sediment damages outside the project area.
These benefits will occur on the Pecan Bayou mainstem below

Lake Brownwood,

The completed project will produce considerable reductions in
peak flows into Lake Brownwood and thence through the spillway
and into Pecan Bayou below the Lake. This reduction also will
glve some protection to residential and recreational develop-

ment around the lake.

Secondary benefits, including increased net income in local
business activities, will be realized after installation of

the complete project. The increased farm production will pro-
vide an outlet for sale of products used in agricultural pro-
duction., These will include farm equipment, fertilizers, seed,
feed, and 1nsecticides., It will provide added income to farm
familles, and improve their standards of living. It will also
stimulate local business establishments in the sale of sport-
ing goods, boats, motors, and other goods and services associ-

ated with recreation.

The immediate average annual inflow to Lake Brownwood will be
reduced about five percent after installation of this project.
More than half of this reduction is from the multiple-purpose
structure, Installation o. the project will reduce sediment
accumulation in the lake. This will result in more capacity
and water yield in the future than would be available without
the project. Figure 2 shows the combined effects of all
watershed projects above Lake Brownwood on water yield.

PROJECT BENEFITS

It 18 estimated that the average annual monetary floodwater,
sediment, erosion and indirect damages within the watershed

will be reduced from $433,055 to $144,428 by the project
(table 5). This is a reduction of 67 percent. Approximately

d-tonas 12-64



36

93 percent of this reduction In the average annual damage will
result from the system of floodwater retarding structures.

The works of improvement proposed in this project, along with
those previously authorized in the Pecan Bayou Basin, will ef-
fect an overall basin reduction of 74 percent in average an-

nual damages.

The following presentation shows, by evaluation reaches, the
~effect the program of land treatment and structural works of
improvement will have on the reduction of monetary damages

caused by the 3-year, 10-year, and 25-year frequency floods:

Direct Monetary Floodwater Damage (Dollars)
Evaluation _ Average Recurrence Interval

Reach : 3-Year : 10-Year : 25-Year .
(figure 3) :Without: With :Without: With :Without: WIith
:Project:Project:Project:Project:Project:Project

27,380 10,331 47,440 38,085 8,288 31,975

1
2 39,733 7,737 102,510 36,671 5,114 47,903
3 9,884 2,759 29,936 15,356 26,702 12,41k
4 21,980 5,770 57,028 25,601 59,248 27,479
5 2,580 2,197 7,245 6,290 9,694 8,370
6 9,228 2,031 16,936 7,153 22,122 9,529
7 2,158 718 8,544 3,063 7,602 2,693
8 10,100 5,961 17,380 12,280 18,974 16,175
g 21,838 16,803 34,380 26,348 39,341 32,772
QA 722 109 4,458 851 8,753 1,423
Total 145,653 55,406 325,857 181,698 315,838 190,733

The average annual damage reduction by evaluation reaches is

as follows:
Average Annual Damage 1/

Bvaluation Reach: Without e With- :
(figure 3) : __Prodject g/ , Project 2/, Reduction
(dollars) {dollars) {percent)
1 71,789 23,329 68
2 124,083 30,205 76
3 36,043 9,347 74
4 68, 642 16,512 76
5 7,649 6,337 17
6 22,203 6,175 72
7 8,983 1,822 80
8 25,192 14,172 4y
g 42,444 29,112 31
QA 2,983 586 80 _

Total 409,981 137,597 56,4
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1/ Excludes values of restoration of former productivity.
g/ Based on long-term prices, September 1957 projections,

Benefits due to sediment reduction to Lake Brownwood are esti-
mated to be $8,613 annually, from the combilned program of land
treatment and structural measures,

The estimated net 1ncrease in farm lncome due to restoration
of former productivity will amount to $6,153 annually, at
long-term price levels., This loss from the original produc-
tion has been included as crop and pasture damage and 1its
restoration a benefit in table 5.

The net increase in income due to more intensive use of flood
plain lands will amount to $14,406 annually.

No increase in allotted crops is expected to result from the
project. -

The annual monetary value of recreational benefits from use of
the multiple-purpose structure and its associated facllities
is estimated to be $30,000. This is based on 20,000 visitor
days annually at a value of $1.50 per visitor day.

The value of municipal water storage was determined as equal
to the cost of an alternate single-purpose reservoir. The
amortized value of the consulting engineers' estimate for such

a structure 1s $11,394 annually.

Benefits from reduction of floodwater and sediment damages
outside the project area are estimated to average $44,015
annually. These reductions will occur aiong the Pecan Bayou
malnstem below Lake Brownwood,

Recreation benefits inecidental to the project will amount to
$10,523 annually. An economic analysis was made of existing
recreation facilities., Based on studies completed in the area,
supplemented by data from projects installed on nearby water-
sheds, 1t was estimated that approximately 21,024 people would
use the sediment pools for recreation annually. After deduc-
tion of associated costs, a value of $0.50 per visitor day was
used in calculating incidental recreation benefits,

Incidental benefits résulting from the use of sediment pools
for livestock water were estimated at $2,272 annually.

Secondary benefits from a national viewpoint were not con-
sldered pertinent to the economic evaluation. The project
will, however, provide a higher level of income to farmers
and stimulate business in towns and marketing centers in and
adJacent to the watershed. The monetary value of secondary
benefits 1s estimated to be $35,286 annually.
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Conslderation was glven to decreased production in pool areas
resulting from project installation, The amortized value of
land in pool areas ($14,604) exceeded the net loss in gool
area production plus associated secondary losses ($11, 81)
and no further calculations were made.

The total average annual benefits from structural works of
improvement are estimated to be $403,930.

Since no county in the watershed has been deslignated as eli-
glble for assistance under the Area Redevelopment Act, no
redevelopment benefits were estimated as a result of proJject

installation,

In addition to monetary beneflts, other benefits will accrue
to the project, such as an increased sense of security, better
living conditions and improved habitat for wlldlife, None of
these benefits were given a monetary value and used for progj-

ect Jjustification,
COMPARISON OF BENEFITS AND COSTS

Average annual primary benefits of $368,644 will accrue from
$173,333 annual equivalent costs. This represents a primary
benefit of $2.13 for each dollar of cost.

The average snnual cost of structural measures and basic rec-
reational facllities (amortized total instsllation costs plus
operation and maintenance) 1s estimated to be $173, 33. The
ratio of the total average annual project benefits z 403,930)
to the average annual cost of structural measures ( 173,333)
1s $2.33 for each dollar of cost (table 6).

PROJECT INSTALLATION

The land treatment measures needed to protect both the crop-
land and rangeland as shown on table 1 wlll be established by
farmers and ranchers in cooperation with the Brown-Mills,
Central Colorado, Lower Clear Fork of the Brazos, Middle Clear
Fork, and Upper Leon Soil Conservation Districts during the
10-year installation period. The districts sre giving as-
81stsnce in the planning and application of these measures
under thelr golng programs, These going programs will be
accelerated with flood prevention funds to assure application
of the planned measures within the 10~yesr installation

perlod,

In reaching the goal for establishing land treatment measures
during the installstion period, 1t 1s expected that accom-
plishments will progress about as follows:
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- FISCAL YEAR

Land Use : ™ TSt "1 " BAd T 3rd BEh "I TSERTTTTTBER
(Acres] (Acres) T(Acres) (Acres] [Acres) (Beresy

Cropland 3,140 3,928 3,933 ,710 4,713 4,710
Rangeland 6,495 8,112 8,112 9,725 9,725 9,725

-— . . s . i, = e, e

Total 9,635 12,040 12,045 14,435 14,6438 14,435

FISCAL YEAR (Tontinued]

Land Use :~ "7th :  Bth : Oth T IGER . Total

(Acres] [Acres] [Bires) {Acres) (Acres)

Cropland 4,710 3,145 3,145 3,145 39, 279
Rangeland 9,725 6,500 6,500 6,500 81,119
Total 14,435 g, 645 9, 645 9,645 120,398

The governing body of the soil conservation districts will ar-
range for meetings in accordance with definite schedules. By
this means, and by individual 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 avallable to the land-
owners in accordance with existing arrangements for equipment
usage in the districts,

The Scil Conservation Service work units will assist landowners
and operators cooperating with the distriects in accelerating
the preparation of soll and water conservation plans and in the
application of conservation practices,

The 801l and water conservation loan program of the Farmers
Home Administration is avallable to all eligible individual
farmers and ranchers or organized groups in the area, Educa-
tional meetings will be held in coopération with other agencies
to outline the services avaiiab.ie and eligiblility requirements.
Present FHA clients will be encouraged to cooperate in the
project.

The county Agricultural Stabillization and Conservation com~
mittees will cooperate with the governing bodies of the soil
conservation districts 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 educationsal phase
of the program by conducting general information and local

d-12548 12.84
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farm meetings, preparing radio, television and press releases,
and using other methods of getting information to landowners
and operators 1n the watershed. This activity will help get
the land treatment practices and structural measures for flood

prevention established,

The Soll Conservation Service will contract for the construc-
tion of the 32 floodwater retarding structures and the one
multiple-purpose structure. It slso will provide technical
Speclallsts to prepare plans and specifications, supervise
construction, prepare contract payment estimates, make con-
tract payments, make final inspectilons, certify completion,
and perform related duties for the installation of the struc-
tural measures, including the municipal outlet structure,

The City of Clyde will reimburse the Soil Conservation Service
for thelr share of the construction and Installation services
costs {table 2). The con ing engineer employed by the City
will have responsibilify ror the municipal water aspects of
the multiple-purpose structure,

The City of Clyde, and the Callahan, Taylor, Coleman, and
Brown County Commissioners Courts, in cooperation with the
Central Colorado, Brown-Mills, and Upper Lecon Soil Conserva-
tion Districts, will furnish the land, easements, and rights-
of-way and arrange for road, utility and improvement changes
for all structural measures. They willl install culverts or
make other needed improvements to keep crossings on public
roads passable, or obtaln permission to inundate such roads
where equal routes are designated for use while the floodwater
retarding structures are operating. Local interests will be
responsible for the improvement on Individually-owned c¢ross-
ings. The cost of these improvements 1s included in the esti-
mated cost of land, easements, and rights-of-way.

The City of Clyde will employ a_gongulting engineer or archi-
tect for the planning and installation of the basic recrea-
tional facilities. The Soil Conservation Service will assist
in the general layout and make inspections to insure that the
facilities are installed as planned. The Service will reim-
burse the City of Clyde for 50 percent of the payments made
for construction and installation services,

The Clty of Clyde will:

1, Obtain fee simple title to all areas dedicated
to public recreational use and easements for
the balance of the multiple-purpose reservolr
area, and bear all legal and englineering costs
assoclated with obtailning land, easements, and
rights-of-way for recreational development.
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2. Determine the legal adequacy of titles, ease-
ments, and permlits for construction of the
multiple-purpose structure and the basic rec-
reational facilitles and be the contracting
agency and let and service contracts for the
basic recreational facllitles.

3. Provide for the relocation or modification of
utilities and improvements necessary for the
installation of the multiple-purpose struc-
ture,

4, Obtain water rights for storage of water for
recreational and municipal purposes,

5. Provide the necessary legal, administrative
and clerical personnel, facilities, supplies,
and equipment to advertise, award, and admin-
ister contracts for the basic recreational
facilities.

Payments for land, easements, and rights-of-way for the public

recreational development will be shared by the Federal govern-

ment and the City of CIyde {table 2).

The following table is & grouping of structures by construction
units. Each group of measures has a favorable benefit-cost
ratlo, Construction may start with any construction unit; how-
ever, all necessary land, easements, and rights-of-way, includ-
ing the relocation of roads, utilities and other improvements
will be obtained for each construction unit before any Federal
financlal assistance 18 made available for installation of any
part of that construction unit. Structures not in & construc-
tlon unit will be constructed after all necessary land, ease-
ments, and rights-of-way have been obtalned for all planned
structural measures,

Construction: Structure : Annual : Annual :Benefit-Cost
Unit Number : Number :Benefits : Cost : Ratio
(dollars)} (dollars)
1 7 82,020 26,749 3,07
2 6, 8, 9, 10, 1,
2, 3, 4, 5, 11 106,972 48,827 2.19
3 21, 22, 23, 24 35,741 14,922 2.40
i 26, 27 14,415 7,939 1.82

e - —

The 32 floodwater retarding structures and one multiple-purpose
structure will be constructed during the 10-year installation
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perlod in the general sequence of Sites 7, 3, 4, 5, 2, 6, 8,
9, 1, 10, 11, 19, 20, 21, 22, 23, 24, 25, 26, 27, 29, 30, 28,
31, 32, 33, 12, 13, 14, 15, 16, 17, and 18.

Structures in serles with and above other structure aites will
be conatructed before or concurrently with the lower struc-
tures (figure 8).

The various features of cooperation between the cooperating
parties have been covered 1n appropriate memoranda of under-
standing and working agreementa, '

FINANCING PROJECT INSTALLATION

Federal asslstance 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 ex-
pected that the owners and operators will be reimbursed for

a portion of this cost through the existing Agricultural
Conservation Program Service, Great Plaina Conservation Pro-
gram, or other Federal programs. The amount of reimbursement
to be expected has been estimated, based on current program
criteria, and thia amount has not been included in the total
estimated non-Federal cost for land treatment listed in

table 1,

Flood prevention funds will be used to accelerate technical
assistance by the Soll Conservation Service to landowners and
operators 1in the application of land treatment measures,

Based on experience in this area, the local sponsors have
estimated that more than‘90 percent of the needed land, ease-
ments and rights-of-way for the floodwater retarding struc-
tures will be donated, Sufficient funds will be made avail-
able from county taxes now being collected and from avallable
8011 conservation district funds to meet all local obliga-
tions in completing this project.

The qualified voters in the City of Clyde, Texas, have voted
revenue bonds to provide thelr share of the funds needed in
acquiring needed land, easements, and rights-of-way, con-
struction of works of improvement for Site No. 7, and estab-
lishing basic recreational facilities.

Federal assistance will be made available pursuant to the
following conditions:

1. The required land treatment in the drainage
area above structures has been installed or
18 In the process of being installed.
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2. All required land, easementg, and rights-of-
way have been obtained,

3. Water rights have been obtalned for storage
of water for recreational and municipal pur-
poses,

4, The project agreements have been executed,

5. Operation and malntenance agreements have
been executed,

6. Before construction of the multiple-purpose
atructure, the City of Clyde will have funds
available to cover the obligations for in-
stallation of this structure and the basic
recreational facilities,

7. PFlood prevention funds are available,

Brown County assistance will be made available pursuant to
the followling conditions:

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

2., At least 90 percent of the land, easementa,
and righta-of-way have been obtained.

3. Flood prevention funds are avallable,

PROVISIONS FOR OPERATION AND MAINTENANCE

Land Treatment Measures

Land treatment measures wlll be operated and mailntained by the
owners and operators of the farms and ranches on which the
measures &re 1lnstalled under agreements with the Brown-Milla,
Central Colorado, Lower Clear Fork of the Brazoa, Middle Clear
Fork, and Upper Leon Soill Conservation Diatricta, Repreaenta-
tives of thease districta will make periodic inspections of the
land treatment measures to determlne maintenance needs and to
encourage landownera and operators to perform maintenance.
District-owned equipment will be made avallable for this pur-
pose in accordance with exiating arrangements for equipment
uaage,

Structural Measurea

All 32 of the propoaed floodwater retarding structures will be
operated and maintained Jointly by the County Commissioners
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Courts and the Soll Conservation Districts as Indicated in the
following table:

e

TTTTTTTTTT T County : Soil
Site Number :Commissioners: Conservation
- et _CoOUPrt District ___

3, 4, 5 Taylor Central Colorado
l, 2, 6, 8, 9, 10, 11, 12, 13,
14, 15,716] 21, 22, 23 Callahan Central Colorado
17, 18, 19, 20, 24, 25 Coleman  Central Colorado
26, 27, 28, 29,_ 30, 31, 32, 33 _Brown Brown-Mills

The estimated average annual operation and maintenance cost
for the floodwater retarding structures is $4,830, based on
long-term prices. The necessary maintenance work will be
accomplished through the use of contrituted labor and equip-
ment, by contract, by force account, or a combination of these
methods, Funds for this work will be provided by the Taylor,
Callahan, Coleman and Brown County Commissioners Courts for
the sites within their respectlive areas,

The City of Clyde will be responsible for the operation and
maintenance of the multiple-purpose struecture and the basic
recreatlional facllities. PFunds for this purpose will be
avallable from the City of Clyde general fund which may in-
clude income from recreational development., Water in the
multiple-purpose reservoir will not be drawn below elevation
1,857.2 in order to assure recreation use of that capacity

-

dedicated to this purpocse,

The estimated average annual cost of operation and maintenance
for the multiple-purpose structure and the basic recreational
facilitles 1s $10,000. This consists of $400 operation and
maintenance for flood control features; $3,206 for municipal
water; and $6,394 for recreation and basic facilitles, which
includes $1,584 allowance for replacements expected duaring the
prcject 1ife, Admission fees charged for use of recreational
facllities will be 1imited to those necessary to repay the
initlal investment and provide adequate operation and mainte-
nance,

The City of Clyde willl be responsible for the cperation and
maintenance of all municipal water supply appurtenances and
facilities located near the multiple-purpose structure.

All floodwater retarding structures and the multiple-purpose
structure will be Inspected by representatives of all appli-
cable sponsoring organizations afterp each heavy rain, or at
least annually. A So!l Conservation Service representative
will participate in these Inspections, at lease annually.,
Items of inspection for the Floodwater retarding structures
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will include, but will not be limited to, the condition of
the principal splllway and its appurtenances, the emergency
spillway, the earth fi11ll, the vegetative cover of the earth
f111 and the emergency splllway, and fences and gates in-
stalled as part of the structures., The items of inspection
are those most likely to require malntenance.

Repregsentatives of the City of Clyde will inspect the recrea-
tlonal facilities of the multiple-purpcse structure following
each major storm, period of heavy use, or events likely to
produce damage, or &t least monthly. Inspections during the
season of heavy usage wlll be made as often as necessary to
prevent deterloration of facllitles. A representative of the
Soll Conservation Service willl particlpate in the inspections
of the recreational facllitles as often as may be required to
assure thelr proper malntenance, but at least annually.

The sponsoring local organlizations will maintaln a record of
the inspections and malntenance work performed and have it
avallable for review by Soll Conservation Service personnel,

Provisions will be made for free access of representatives of
the sponsoring organlzations and the Pederal government to
inspect the floodwater retarding structures and their appur-
tenances; the multiple-purpose structure and 1ts appurte-
nances, and the basic recreational facilitles, at any time.

The sponsoring local organizations fully understand their ob-
ligations for malntenance and will execute specifilc mainte-
nance agreements prlor tc the 1issuance of any invitation to
bid,

(RN E RN 1a-64



TABLE ] - ESTIMATED PROJECT INSTALLATION COST *

/

Upper Pecan Bayocu Watershed,

Texas

(Middle Colorado River Watershed)

Frice Baae:

1963
Installatlon Perlod

Estimafed Cost 2/

Inatallatlon Cost : : : Ron- : Totsl
Item :Unit : Number : Federal Federal
{dollars) {dollsrsa)} {dollars)
Land Treatment
ooil Congervation Service
Cropland Acre g, 279 915,192 15,192
Grassland Acre 1,119 - 837,108 37,108
Technlcal Assistance (Accel.) G0, 000 90, 000
SCS Subtotal 0,000 Q0___ 1,842, 300
TOTAL LARD TREATHMERT ggtggg___l %gé [o]¢] 1,883,
5 A A ) =
“Bol1 Conservation Service
Floodwater Retarding
Structures No, 32 3,127,260 - 3,127,260
Multiple-Purpose
Structure No. 1 145,984 76,638 eee,6ee
Municipal Outlet
Structure No, 1 - 13,500 13,500
Basic Recreationsal 8 3 6
Facilitles No. 1 17,780 17,760 o__
Subtotal - Congtructlon 3,201,024 107,915 Srﬁggfgﬁﬁ'
Installation Services
“8ol1 Conservation Service
Engineering Services L4ag,gos5 14, 573 4eu,u78
Other 262,904 ﬂ_‘__26b uou
____3CS Subtotal 712,80 1 ; ____
Subtotal - Installatlon Services 712,80 IBLﬁ LBB?
Other Costa
“Land, Fasements & Rights-of-way 72,500
Subtotal - Other 2,50 %5
TOTAL” AES 4076 76y
TOTAL PROJECT §7263,028 21514 276
"S‘%%X 4 6 L1428 4 4
ubtotal - SC3 2 2 2,514,2 0
TOTAL PROJECT JEEETTEY %6“"6‘%%%1%6ﬂ“

1/ Does not include prior expenditures of flood preventlion funds or accom-
plishments reaulting therefrom (see table la}.

2/ Excludes costs that will be reimbursed from other Federal funds.
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TABLE la - ST

ATUS OF WATERSHED WORKS OF IMPROVEMENT Y

pper Pecan

Bayou Watershed, Texas

{Middle Colorado River Watershed)
Price Base: 1963

Prior to December 1964

Estimated Coal :

Inatallation Cost ; 2/t Non- : Total
Itenm :Unit Number :Federal —/:Federal 3/:
(dollara} {dollara]) {dollars])
Land Treatment
Soll Conservation Service
Contour Farming Acre %/ 9,942 - 399, 420 899,420
Crop Residue Use Acre 3/ B3,354 - 833,540 33,540
Conservation Cropping
System Acre Y4/ 63,019 - 945, 300 9&5,300
Proper Range Use Acre 191,388 - 478, 470 478,470
Deferred Grazing Acre 81,565 - 326, 260 326,260
Range Seeding Acre 7,923 - 79,230 79,230
Brush Control Acre 114,507 - 572,540 572,540
Terraces, Graded Foot 9,115,135 - 314,000 314,000
Dversions Foot 682,279 - 68,230 68,230
Farm Ponds No. 1,634 - 408, 500 408,500
Technical Assistance (Accel.) - 128,000 - 128,000

SCS _Subtotal

128,000_ "4, 525 150 g;

2380 —

128,000 "I H25 1gH

TTOTAL L
“STRUCTURAL MEASURER
3011 Condervation Service
Floodwaster Retarding

Structures No.,
Multiple-Purpose

Structure No.
Municipal Qutlet

Structure No,
Baslc Recreationsl

Facilities No,

Subtotal - Construction

Inetallation Bervices

Soll Conservation Service
Englneering Services
Other

Subtotal - Installation Services

Other Costs
and, Easements,
Legal Feeg

& Righta-of-way

Subtotal - Other

“TOTAL STRUCTURAL MEASUGES

WORK PLAN PREPARATION - - -
“TOTAL PROJECT 128,000 B 825 095 "4 E53ThG0
TSUMMARY -

- oubtotal - SCS_ e e 128,000 4,425 490 4,653 490

TOFAL PROJECT 128,000 § U255 095~ "4, /53, §G0

1/ At time of work plan preparation,

2/ Flood Prevention funds oniy.

3/ Excludes costs that were reimbursed from other Federsal funds,

4/ The level of spplicetion of the

4- 19548
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management and recurring-type practices
reasched at time of work plan preparation and are not cumulative,

December 1964
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TABLE 2a - COST ALLOCATION AND COST SHARING SUMMARY

Upper Pecan Bayou Wafershed, Texas
(Middle Colorado River Watershed)
(Dol1ars) 1/

Purpose

Item : ~"Flood 2 :
--iPrevention :Recreation:Municipal:

COST ALLOCATION

Single-Purpose

Floodwater Retard-
ing Structure Nos,
1 through 6, and

8 through 33 4,337,713 - - 4,337,713
Basic Recreation
Facilities - 75,894 - 75,894
Multiple-Purpose
Structure No. 7 147,406 173,998 87,798 409, 202
Outlet Municipal
Water - - 15,500 15,500
TOT AL 4,485,119 249,892 103,298 4,838,309

———

COST SHARING

Federal Funds 3,946,934 129,399 - 4,076,333
Other Funds ___..538,185 120,493 103,298 __ 761,976
TOTAL 4,485,119 2&9,892 103,298 H,838,309

—— s s e i e e, i i e

1/ Price Base: 1963

December 1964




TABLE 3 - STRUCTURE DATA - FLOODWATER RETARDING STRUCTURES

and_MOLTIPLE- PORPOSE STRUCTURE™

ke gk b i . o e ke

Storage Capacit

per Fecan Bayou Watershed, TeXas
Middle Colorado River Waterahed)

STRUCTUE%’NURBE

H..-._........-_....-..-....
.

-

Drainage Area 1/

Sediment Pool {50 yr.or 200 ac.ft,1imit) Ac.Ft,

Sediment Reserve
Sediment Reaerve
Sediment in Detentlion Pool

Water Supply 2

Floodwater Detentlon

Total

Surface Area

Below Riser-50 yr.)
Atove Riser-100 yr.) Ac Ft,

Sediment Pool (50 yr.or 200 ac,ft.limlt) Acre

Sediment Reserve Pool (100 yr,)
Water Supply Pool

Floodwater FPool

Volume of Fill

Elevation Top of Dam
Maximum Height of Dam

Emergency Spillway

Crest Elevation
Bottom Width

Type

Percent Chance of Use 3/
Average Curve No,
Emergency Spilllwa

Storm Ralnfall {6&-hour

Storm Runoff

Velocity of Flow (Ve) 4/
Discharge Rate
Maximum Water Surface Elevation E/

Freeboard Hydrograph
Storm Rainfall {6-hour)

g/(VC) 4/

Storm Runoff

Velocity of Flo

Diacharge Rate 4

Maxlimum Water Surface Elevation &/
Principal Spillwéy Capaclty

Capacity Equivalents

Sedlment Volume

Water Supply Volume
Detention Volume
Spillway Storage

Claas of Structure

- Condition II

{Footnotea on laat page Table 3)

4-13548 12-64

Inch
Inch

Pt./Sec.

C.F.S.
Foot

Inch
Inch

Ft./Sec.

C.F.3,
Foot

C.F.S.

Inch
Inch
Inch
Inch

. 179,000

1,962.1
55

1,955.0
200
Rock
4.0

75

6.20
3.48
4.4

780
1,956.6

12.65
9.40
11.7

10,080
1,962,1

120

0.32

C
2.58
2.05

1/ 20,14 2.35

200 36
o] 0

217 29
84 5

o] 0
4,943 Log
5,444 479
35 10

51 16

¢ o]

309 55

344,000 93,000
1,949.7 2,102.4

68 31
1,942.0 2,098.0
150 100
Rock Veg.
1.4 3.3
76 7T
6.01 6.20
3.44 3.70
0 2.0

0 26

¢ 2,098.3
11.70 12,60
B.60 9.60
12.0 9.0

8,457 2,226
1,949,7 2,108.4

263 24
0.47 0.56
0 0
4,60 3.26
2.60 2.21
A A
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TABLE_3_- STRUCTURE DATA - FLOQDWATER RETARDING STRUCTURE

Upper

“&nhd MOLTTPLE- PORFOSE STRUCTORE (Continued]
per Pecan Bayou Watérshed, Texas

(Middle Coloredo River Watershed)

Drainege frea L/

Storage Capecit
Sediment Pool {50 yr.or 200 ac.ft.limit)
Sediment Reserve (Below Riser-50 yr.)
Sediment Reserve (Above Riser-100 yr,)
Sediment in Detention Pool

Water Supply 2

Floodweter Detenticon

Total

Surface Area

Sediment Pool (50 yr.or 200 ac,.ft,limit)
Sediment Reserve Pool (100 yr.)

Water Supply Pool

Floodwater Pool

Volume of F111
Elevatlion Top of Dam
Maximum Helght of Dam

Emergency Splllway
Crest Elevation
Bottom Width
Ty pe
Percent Chance of Use 3/
Average Curve No, - Condition II
Emergency Splllway Hydrograph
Storm Rainfall 6-hour%
Storm Runoff
Veloclty of Flow (Ve) 4/
Discharge Rate b
Mexlmum water Surface Elevation %/
Freeboard Hydrograph
Storm Rainfell (6-hour)
Storm Runoff
Velocity of Flow (Ve) &/
Discharge Rate
Maximum Water Surface Elevatilon ﬂ/

Principal Spilllway Capacity

Capecity Equivalents
Sediment Volume
Water Supply Volume
Detention Volume
Splliway Storage

Class of Structure

STRUCTURE NUMBER

1Unit
S5q.Mi1 1.78
Ac . PFt, 27
Agc.Ft 0
Ac Pt 29
Ac.Ft, 4
Ac Ft. 0
Ac ,Ft, 287
FY o 347
Acre 8
Acre 14
Acre Q
Acre Yz
Cu.¥ds. 62,500
Foot 2,138.4
Foot 29
Foot 2,134,6
Foot 100
—_—— Veg.
- 3.8
-—- N4
Inch €.20
Inch 3,60
Ft./Sec. 3.3
cC.F.S. 82
Foot 2,135.3
Inch 12,60
Inch 9.40
Ft./Sec. 8.4
C.F.S. 1,812
Foot 2,138.4
C.F.5, 18
Inch 0.63
Inch 0
Inch 3.03
Inch 1.95
-——— A

(Footnotes on last page Table 3)

4-19542 12.84

2.00

29
0
29

5
0

315
378

8
14

0

47
104,000
2,098.2
29

2,004,2
100
Veg.
4.0

77

6.30
3.70
3.3

a0
2,094 .9

12,60
9,40
8.5
1,925
2,098.2

15,52

1z2

0

124
34

o
2,850
3,130

16
26
0
194

235,000
1,844.3
73

1,837.1
270
Rock
3.0

79

6.10
3-70
0

0
0

o8
11.7

13,745
1,8h44.,3

155
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TABLE 3 - STRUCTURE DATA - FLOODWATER RETARDING STRUCTURES

“and_MULTIPLE-PURPOSE STRUCTURE (Continued)

per Pecan Bayou Watershed, Texaa
FMiddle Colorado Rlver Watershed)

********** - - **'*_?_*****?:::::“STﬁﬁCTﬁﬁE_ﬁU@EER
tem oo sUntt o 7 i B 3779 TTTC
Drainage Area 1/ Sq.M1, 37.94 19.22 6.17
Storage Capacit _
Sediment Pool {50 yr.or 200 ac.ft,limit) Ac.Ft, 200 177 70
Sediment Reserve {Below Riser-50 yr.) Ac . Ft, 174 0 ¢
Sediment Reserve {Atove Riser-100 yr.) Ac PG, 374 186 70
Sediment 1in Detentlon Pool Ac Ft, 147 72 17
Water Supply 2/ Ac.Pt. 2/ 5,000 0 0
Floodwater Detentlon Ac . Ft, 5,000 2,888 1,160
Total Ac  Ft. 10,895 3,323 1,317
Surface Area
Sediment Pool (50 yr.or 200 ac,ft.limit) Acre 4o 33 11
Sediment Reaerve Pool (100 yr.) Acre 114 51 18
Water Supply Pool Acre 4h4g 0 0
Floodwater Pool Acre 649 o252 87
Volume of F111 Cu.¥Yds. 270,000 200,000 136,700
Elevation Top of Dam Foot 1,887.5 1,878.8 1,872.6
Maximum Helght of Dam Foot e sS4 54
Emergency Spilllway
Crest Elevation Foot 1,879.5 1,872.0 1,866.0
Bottom Width Foot 400 300 150
Type -—- Rock Rock Rock
Percent Chance of Use 3/ -——— 4.0 3.6 3.0
Average Curve No. - Condition II -—- 79 76 79
Emergency Spillway Hydrograph
Storm Rainfall (6-hour§ Inch 5.50 5.99 6.30
Storm Bunoff Inch 3.20 3.39 3.90
Veioclty of Flow (Ve) 4/ Pt./Sec. 4,0 4,0 2.5
Discharge Rate 4/ C.F.S. 820 596 63
Maximum Water Sirface Elevation %/ Foot 1,880.7 1,873.1 1,866.7
Freeboard Hydrograph
Storm Rainfall FG—hour) Inch " 11.30 12.28 12.80
Storm Runoff / Inch B.60 9.20 10,10
Velocity of Floy (ve) 4 Ft./Sec. 12.2 11.3 11.0
Discharge Rate 4/ C.F.S. 23,020 14,30 6,238
Maximum Water Surface Elevation %/  Foot 1,887.5 1,878.8 1,872.6
Frincipal Spillway Capaclty c.F.8. 380 192 62
Capacity Equivalents
Sediment Volume Inch 0,44 0.42 0.47
Water Supply Volume Inch 2.47 0 0
Detention Volume Inch 2.47 2,82 3.53
Spillway Storage Irch 2.97 1.96 2.0b4
- A A A

Class of Structure

(Footnotes on last page Table 3)
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TABLE - STRUCTURE DATA - FLOCDWATER RETARDING STRUCTURE
e and_MOLTIPLE-PURPOSE STRUCTORE (Continaed]

U?per Pecan

Bayou Wafershed, Texas

Middle Colorado River Watershed)

B STROCTURE NUMBER ~~~~ "~

Drainage Area 1/
Storage Capacit

Sediment Pool {50 yr.or 200 ac.ft,limit)
Sediment Reserve {Below Riser-
Above Riser-

Sediment Reserve
Sediment in Detention Pool

Water Supply 2/
Floodwater Detention

Total

Surface Area

Sediment Pool (50 yr.or 200 ac.ft.limit)
(100 yr.}

Sediment Reserve Pool
Water Supply Pool
Floodwater Pool

Volume of Fi1l1l
Elevation Top of Dam
Maximum Helght of Dam

Emergency Spillway
Creat Elevation
Bottom Wiath
Type
Percent Chance of Use 3/
Average Curve No, - Condition
Emergency Spillway Hydrograph
Storm Rainfall (6-hour)
Storm Runoff
Velocity of Flow {Ve) 4/
Diacharge Rate 4/

Maximum Water Surface Elevation 4/ Foot

Freeboard Hydrograph
Storm Rainfall {6-hour)
Storm Runeff
Veloclty of Flow (Ve) 4/
Discharge Rate 4/

Maximum Water Surface Elevation 4/

Principal Spillway Capacity

Capacity Equivalents
Sediment Volume
Water Supply Volume
Detention Volume
Splllway Storage

Class of Structure

__iUnit IS 1] 13
Sq.M1, 6.15 11,81 18,62
Ac.Ft, 50 a7 159

50 yr.) Ac . Ft, 0 0 0
100 yr.) Ac ,Ft, 4g 116 172
Ac .Ft. 25 57 119
Ac . Ft, 0 0 0
Ac,Ft, QU8 2,090 3,214
Ac.Ft, 1,072 2,360 3,664
Acre 14 19 28
Acre 25 32 y7
Acre O O Q
Acre 118 178 208
Cu.¥ds. 125,750 186,281 248,565
Foot 1,790.8 1,867.3 1,757.1
Foot 33 54 63
Foot 1,785.2  1,860.0 1,749.0
Foot 130 120 200
—— Veg, Roek Rock
- 4.0 3&3 207
II -~ 78 77 76
Inch 6.30 6.26 6.01
Inch 3.85 3.7 3.43
PFt./Sec, 4.0 2.6 0
C.F.S, 278 81 0
1,786.3 1,860.7 0

Inch 12.80 12,71 12.35
Inch 9.90 9.60 9.30
Ft./Sec, 10.40 13.50 12.60
C.F.S, 4,618 9,131 12,514
Foot 1)?9018 1,867.3 1)757.1
C,F.S, 62 119 186
Inch . 0.43 0.45
Inch O O O
Inch 2.88 3.29 3.24
Inch 2.53 2,47 1.98
~—— A A

e il e e ety s ot s il e e . e e

—— . - ———

(Footnotes on last page Table 3
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TABLE 3_-_STRUCTURE DATA - FLOODWATER RETARDING STRUCTURES
Tt TTahd MUITIPLE-BURPOSE STRUCTURE (ContIinued)

Upper Pecan Bayou Watershed, Texaa
?Middle Colorado River Watershed)

- T T TTyTTTTTTYTTTT STRUCTORE NOMBER™ ™~~~
e Item sUnit 3 13" 7" 37 IETTTTTTTIR
Drainage Area 1/ Sq.Mi, 18.34 4,18 3.78
Storage Capaclty

Sediment Pool (50 yr.or 200 ac.ft,limit) Ac.Ft. 183 4z 36
Sedlment Reserve éBelow Riser-50 yr.) Ac Pt, 0 0 0
Sediment Reserve (Above Riser-100 yr.) Ac.Ft. 202 4y 36
Sediment in Detentlon Pool Ac.Ft, 46 7 14
Water Supply 2/ Ao Ft. 0 0 0
Floodwater Detention Ac Ft. 3,369 TUY 588
Total Ac,Ft, 3,800 837 674
Surface Area
Sediment Pool (50 yr.or 200 ac,ft.limit) Acre 32 11 6
Sediment Reserve Pool (100 yr.) Acre 50 16 9
Water Supply Pool Acre 0 0 0
Floodwater Pool Acre 253 77 37
Volume of F111 Cu.Yds, 261,530 106,104 122,437
Elevation Top of Dam Foot 1,783.1 1,782.5 1,748.8
Maximum Height of Dam Foot 64 42 58
Emergency Spilllway
Crest Elevation Foot 1,775.0 1,775.0 1,741.0
Bottom Width Foot 180 60 70
Type - Rock Rock Roeck
Percent Chance of Use 3/ —-— 2.9 4,0 4,0
Average Curve No, - Condition II ——— 77 83 78
Emergency Splllway Hydrograph
Storm Rainfail (6-hour) Inch 6.01 6.33 6.33
Storm Runoff Inch 3.50 4,40 3.90
Velocity of Flow (Vc) 4/ Pt,/Sec, 0 5.1 5.8
Discharge Rate 4/ C.F.S, 0 248 420
Maximum Water Surface Elevation 4/ Foot O 1,776.7 1,743.0
Freeboard Hydérograph
Storm Rainfall fﬁ-hour) Inch 212,35 13.00 12.80
Storm Runoff Inch 9.30 10,80 9,90
Velocity of Flow (Vc) 4/ Ft./Sec, 12.7 12.3 12.4
Discharge Rate 4/ C.F.S. 11,237 3,493 4,162
Maximum Water Surface Elevation 4/ Foot 1,7é3.1 l,7é2.5 1,7&8.8
Princlpal Spillway Capacity C.F.S, 183 4p 38
Capacity Equivalents
Sediment Volume Inch O.44 0,42 0.43
Water Supply Volume Inch 0 0 o
Detention Volume Ineh 3.44 3.34 2.92
Splllway Storage Inch 2,55 3.02 1.76
A

Claas of Structure

(Footnotes on last page Table 3)

4-19548 12-54

December 1964




TABLE 3 - STRUCTURE DATA - FLOODWATER RETARDING STRUCTURES
T T Tand _MULTIPLE-PURPOSE STRUCTORE (Continued)

Upper Pecan Bayou Watershed, Texas
?Middle Colorado River Watershed)

. Item L AP LA IS Y A 18 _ "~
Drainage Area 1/ Sq . M1, 20.78 6.95 34,36
Storage Capacit
Sediment Pool {50 yr.or 200 ac.ft.1imit)Ac.Ft. 133 52 200
Sediment Reserve {Below Riaer-50 yr.)  Ac.Ft. 0 0 296
Sediment Reaerve {Above Riser-100 yr.) Ac.Ft. 132 52 496
Sediment in Detention Pool Ac  Ft, 35 19 229
Water Supply 2/ Ac . Pt, 0 0 0
Floodwater Detention Ac . Ft. 5,000 1,054 5,000
Total Ac . Ft, 5,300 1,177 6,221
Surface Area
Sediment Pool (50 yr.or 200 ac,ft.limit)Acre 22 19 43
Sediment Reserve Pool {100 yr.) Acre 40 30 132
Water Supply Pool Acre 0 0 o
Floodwater Pool Acre 238 178 483
Volume of Fi11 Cu.Yds, 434,405 82,805 249,000
Elevation Top of Dam Foot 1,716.7 1,645.5 1,657.5
Maximum Height of Dam Foot - 70 29 57
Emergency Spillway
Crest Elevation Foot 1,708.6 1,639.7 1,650.3
Bottom Width Foot 200 100 300
Type - Rock Veg. Rock
Percent Chance of Use 3/ --- 1,8 4.0 3.7
Average Curve No., - Condition II - 81 79 77
Emergency Spillway Hydrograph
Storm Rainfall fS-hour' Inch 5.99 6.40 5.70
Storm Runoff Inch 3.90 4,04 3.30
Velocity of Flow (Ve) 4/ Ft./Sec, 0 4,2 2.7
Discharge Rate 4/ C,F.8. 0 230 206
Maximum Water Surface Elevation 4/ Foot 0 1,641.0 1,650.8
Freeboard Hydrograph
Storm Rainfall (6-hour) Inch 12.31 13.00 11.50
Storm Runoff Inch 10.00 10,28 8.60
Velocity of Flow (Ve) 4/ Ft./Sec. 12.8 10,7 12,2
Discharge Rate 4/ Cc.F.S, 12,692 3,730 17,256
Maximum Water SUrface Elevation 4/ Foot 1,716.7 1,645,5 1,657.5
Prineipal Spillway Capacity C.PF.5, 208 70 344
Capacity Equivalents
Sediment Volume Inch 0.27 0.33 0.66
Water Supply Volume Inch 0 0 )
Detention Volume Inch 4,51 2.8 2.73
Spillway Storage Inch 2,00 3.7 2,39
- A

Clagss of Structure

{Footnotea on last page Table 3)
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Upper Pecan Bayou Watershed, Texas
(Middle Colorado River Watershed)

56

STROCTURE NOUMEER

B Ibem IR YT s N S N M- S
Dralnage Ares 1/ Sq.Mi 6.20 2.94 2.48
Storage Capaclt
Sediment Pool {50 yr.or 200 ac.ft.1imit }Ac . Ft. 28 17 32
Sediment Reserve EBelow Riser-50 yr.) ic .Ft, 0 ¢ 0
Sediment Reserve (Above Riser-100 yr.) Ac.Pt. 21 19 38
Sediment in Detention Pool Ac .Ft. 13 6 17
water Supply 2/ Ac Ft. 0 0 0
Floodwater Detention Ac.Ft, 1,236 493 397
Total Ac Ft, 1,298 535 484
Surface Area
Sediment Pool (50 yr.or 200 ac,ft.limit)Acre 10 6 11
Sediment Reserve Pool {100 yr.) Acre 16 10 20
Water Supply FPool Aore 0 0 0
Floodwater Pool Acre 161 43 61
Volume of F111 Cu.Yds, 64,201 62,588 100,755
Elevaticn Top of Lam Foot 1,632.6 1,624.0 1,728.4
Maximum Helght of Dam Foot 33 39 22
Emergency Splllway .
Crest Elevation Foot 1,627.0 1,618.0 1,723.0
Bottom Width Foot 90 100 50
Type - Veg. Veg. Veg.
Percent Chance of Use 3/ ——- 2.8 3.9 4,0
Average Curve No. - Condition II — 78 79 77
Emergency Spilllway Hydrograph
Storm Rainfall {6-hour Inch 6.33 6.33 6.33
Storm Runoff Inch 3.90 4.00 3.77
Velpclty of Flow (Ve)} 4/ Pt./Sec, 0 4.8 - 4.0
Discharge Rate 4/ C.F.8. 0 341 95
Maximum Water Surface Elevation 4/ Foot 0 1,619.5 1,724.1
Freeboard Hydrograph
Storm Reinfall {6-hour) Inch 13.00 13.00 13.00
Storm Runoff Inch 110.20 10,20 10,00
Velocity of Flow (Ve) 4/ Ft./Sec. 10.4 10.9 10.0
Discharge Rate 4 C.F.S, 3,138 3,991 1,66
Maximum Water Surface Elevation 4/ Foot 1,632.6 1,624,0 1,728.
Principel Splllway Capacity C.F.S3. 62 29 25
Capacity Equivalenta
Sediment Volume Inch 0.19 0.27 66
Water Supply Volume Inch 0 0 o
Detention Volume Inch 3.73 3.14 3.00
Spillway Storage Inch 3.55 1.86 .89
R A A

Clasa of Structure

(Footnotes on last page Table 3)
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Item

Dralnage Area 1/
Storage Capacit

Sediment Pool %50 yr.or 200 ac.ft.limit}Ac.Ft.

Sediment Reserve {Below Rlaer-50 yr.)
Sediment Reserve {Above Rlser-100 yr.)

Sediment 1n Detentlon Fool
Water Supply 2/
Floodwater Detentlon
Total

Surface Area

Sediment Pool (50 yr.or 200 ac,ft.limit)Acre

Sediment Reaerve Pool {100 yr.)
Weter Supply Fool
Floodwater Pool

Volume of Fill
Elevation Top of Dam
Maximum Helght of Dam

Emergency Spillway
-Crest Elevatlon
Bottom Width
Type
-Percent Chance of Use 3/
Average Curve No, - Condition II
Emergency Splllway Hydrograph
Storm Rainfall {6-hour
Storm Runoff
Veloclty of Flow (Ve) 4/
Diacharge Rate 4/
Maximum Water Surface Elevation 4/
Freeboard Hydrograph
Storm Reinfall (g-hour)
Storm Runoff
Velocity of Flow (Ve) 4/
DPischarge Rate 4/
Maximum Water Surface Elevetion 4/

Frincipal Splllway Capacity

Capacity Equlvalents
Sediment Volume
Water Supply Volume
Detention Volume
Splllway Storage

57
TABLE 3 - STRUCTURE DATA - FLOODWATER RETARDING STHUCTUHES
""""" Eﬁa'ﬁﬁﬁTIPﬁE PORPOIE STROCTORE (fontinued) ~
Upper Pecan Bayou Watershed, Texas
Middle Colorado River watershed)
. ~CSTROCTORE NOWBER <
__iUniy T TBETTTTITTTTREICTIICCTR

Sq.ML. 3.16 2.09 1/14 04

48 31 200
Ac . Ft. 0 0 145
aAc Ft, 47 33 355
Ac .Ft. 22 T 82
Ac,Ft. 0 0 4]
Ac Pt 555 372 2,761
Ac . Ft, 672 4u3 3,543

12 11 43
Acre 19 16 96
Acre 4] 0 O
Acre 57 49 263
Cu.Yds. 135,769 72,365 209,464
Foot 1,732.2 1,698.7 1,605.9
Foot 36 28 50
Foot 1,726,0 1,693.0 1,598.0
Foot 60 50 100
—— Veg. Veg. Rock
_——- 3.7 4.0 3.0
_— 79 81 82
Inch 6.33 6.33 6.19
Inch 3.95 4,20 4.30
Ft./Sec. 3.5 3.1 3.9
C.F.S. 78 64 182
Foot 1,726.9 1,693.5 1,599.2
Inch 13.00 13.00 12.23
Inch 10,20 10.60 10,00
Ft./Sec. 11.0 10.6 14,2
c,.F.S. 2,448 1,769 8,882
Foot 1,732.2 1,698.7 1,8605.9
c.F.S. 32 21 218
Inch 0.69 0.63 1.04
Inch 0 4] O
Inch 3.29 3.33 3.69
Inch 2.61 3.06 3.27
_——— A A

Claaa of Structure

(Footnotea on last page Table 3}
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TABLE 3 - STRUCTURE DATA - FLOODWATER RETARDING STRUCTURES
T Tend MULTIPLECFORFOSE STROSTURE {Continued)

Upper Pecan Bayou Watershed, Texaa
Middle Colorado River Watershed)

Item

Drainage Area l/

Storage Capacit

Sediment Pool {50 yr.or 200 ac.ft.limit)Ac.Ft,

Sediment Reserve EBelow Riser-50 yr.)
Above Riser-~100 yr.)

Sediment Reaerve
Sediment in Detention Pool
Water Supply 2/

Floodwater Detention

Total

" Surface Ares

Sediment Pool (50 yr.or 200 ac,.ft.limit)Acre

Sediment Reserve Pool (100 yr.)
Water Supply Pool
Floouwater Pool

Volume of Fill
Elevation Top of Dam
Maximum Height of Dam

Emergency Splllway
Creat Elevation
Bottom Width
Type
Percent Chance of Use 3/
Average Curve No. - Condition IT
Emergency Spillway Hydrograph
Storm Rainfall {6-hour
Storm Runoff
Velocity of Flow (Ve) 4/
Discharge Rate 4/
Maximum Water Surface Elevation 4/
Freeboard Hydrograph
Storm Rainfall (6-hour)
Storm Runoff
Veloeity of Flow (Ve) 4/
Diacharge Rate 4/
Maximum Water Surface Elevation 4/

Principal Spillway Capacity

Capacity Equivalenta
Sediment Volume
Water Supply Volume
Detention Volume
Spillway Storage

Claas of Strﬁcture

Unit @ 25 i .26 i 27
Sq. M1 4,69 2.19 L 8,55
56 50 200
Ac Ft, 0 Q Tl
Ac . Ft, 60 56 271
Ac.Ft. 20 22 82
Ac Ft, ] 0 0
Ao ,Ft. 812 392 1,414
Ac.Ft. ou8 520 2,038
17 18 54
Acre 25 29 110
Acre 0 0 0
Acre 93 72 265
Cu.Yds., 130,605 114,000 128,000
Foot 1,686.9 1,614,0 1,508.2
Foot 35 27 32
Foot 1,681,0 1,609.2 1,503.4%
Foot 120 50 200
——— Veg. Veg. Veg.
- 3.9 : J".0 4.0
—— 81 80 80
Inch 6.36 6.33 6.4k
Inch 4,20 4,08 4,17
Ft./Sec. 5.4 3.0 3.7
C.F.S. 573 38 356
Foot 1,682.,9 1,609,9 1,504.5
Inch -13.14 13.15  13.18
Inch 10,70 10.40 10.57
Ft./Sec. 10.8 9.3 9.4
¢.PF.8, 4,633 1,298 5,256
Foot 1,686.9 1,614.0 1,508.2
Cc.F.S. 47 22 94
Inch 0.54 1.10 .37
Inch Q 0 0
Inch 3.25 3.35 3.10
Inch 2.59 3.45 3.42
A A

(Footnotes on laat page Table 3)
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Upper Pecan Bayou Watershed, Texas
Middle Colorado River Watershed)

T T T T T T Ty T T T T Y T T T ETRUCTURE NOUMEER T T e
Item e e iUnit 28 : 29 : 30
Drainage Area 1/ Sq.ML, 4o.17 4,03 5.38
Storage Capaclt
Sediment Pool {50 yr.or 200 ac.ft.limit)} Ac.Ft. 200 60 92
Sediment Reserve (Below Riser-50 yr.) Ac.Ft, 178 0 0
Sediment Reserve (Abtove Riser-100 yr.) Ac . Ft. 375 65 101
Sediment in Detentilon Fool Ac,Ft, 266 28 43
Water Supply 2/ e Ft, 0 0 0
Floodwater Detention Ac Ft. 5,000 722 88q
Total . Ac  Ft, 6,019 a7s 1,121
Surface Areas
Sediment Pool (50 yr.or 200 ac.ft.limit) Acre 64 30 22
Sediment Reserve Pool (100 yr.) Aore 136 55 36
Water Supply Pool Acre QO QO o]
Floodwater Fool Acre 486 190 130
Volume of Fil1l Cu.Yds. 284,000 74,000 150,000
Elevation Top of Dam Foot 1,615.8 1,601.8 1,607.1
Maximum Height of Dam ' Foot 4 20 36
Emergency Splllway
Crest Elevation Foot 1,608,7 1,598.0 1,602.0
Bottom Width Foot 500 100 150
Type ' -——- Veg. Veg. Veg.
Percent Chance of Use 3/ - 4.0 3.6 3.6
Average Curve No. - Condltion II -— 75 78 76
Emergency Splllway Hydrograph
Storm Rainfall %6—hour Inch 5.60 6.46 6.46
Storm Runoff Inch 2.95 4,00 3.80
Velocity of Flow (Ve) 4/ Ft,/Sec, 4,0 2.5 3.4
Discharge Rate 4/ C.F.8. 1,020 56 190
Maximum Water Surface Elevation 4/ Foot 1,609.9 1,598.6 1,602.9
Freeboard Hydrograph
Storm Rainfall {6-hour) Inch 11.64 13,31 13.31
Storm Runoff Inch 8.40 10,40 16.30
Velocity of Flow {(Ve) 4/ Ft./Seec, 11.8 8.2 9.7
Discharge Rate 4/ C.F.S. 25,020 1,731 4,160
Maximum Water Surface Elevation 4/ Foot 1,615.8 1,601.8 1,607.1
Principal Spilllway Capaclty C.F.S. 480 44 60
Capaclty Equivalents
Sediment Volume Inch 0.48 0.71 0.82
Water Supply Volume Ineh 4] 0 ]
Detention Volume Inch 2.33 3,36 3.07
Spilllway Storage Inch 1.94 - 3.98 2.91
A A A

Class of Structure ——

N VU S P e

(Footnotes on last page Table 3)
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4 TABLE 3_- STRUCTURE DATA . FLOODWATER RETARDING STRUCTURES
- and MOLTIPLE-PURPOSE STROCTORE (Continued)
Upper Pecan Bayou Watershed, Texaa
FMiddle Colorado River Watershed)
e £ =TT STRORTURE“RORBER” T~
,,,,,,,, Item__ o CsUnat :T 731 132 : 33
Drainage Area 1/ S5q.M1, 1.00 2.53 1.28
Storage Capacit
Sediment Pool fso yr.or 200 ac.ft.limit)hc.Ft. 43 139 56
Sediment Reserve (Below Riser-50 yr.)  Ac.Ft. 0 0 0
Sediment Reserve (Above Rilaer-100 yr.) Ac.Ft. 48 143 59
Sediment 1in Detention Pool Ac . Ft. 13 18 13
Water Supply %/ Ac . Ft. 0 0 0
Floodwater Defention Ac . Ft. 176 yhy 230
Total Ac.Ft, 280 Th4 358
Surface Area
Sediment Pool {50 yr.or 200 ac,ft.limit)Acre 13 21 15
Sediment Reserve Pool (100 yr.) Acre 21 34 25
wWater Supply Pool Acre 0 0 O
Floodwater Pool Acre 4o 66 52
Volume of Fill Cu,Yds. 74,546 134,000 90,206
Elevation Top of Dam Foot 1,732.0 1,721.3 1,687.6
Maximum Height of Dam : Foot 21 o 30
Emergency Splllway _
Crest Elevation Foot 1,782.5 1,715.8 1,684.0
Bottom Width Foot 50 75 50
Type B Veg. Veg. Veg.
Percent Chance of Use 3/ -— 4.0 - 4,0 3.9
Average Curve No. - Condition II . ——— 77 8o 77
Emergency Splllway Hydrograph .
Storm Rainfall (6—hour? _ Inch 6.50 6.47 6.39
Storm Runoff Inch 3.9 4,34 3.80
Velocity of Flow (Ve) 4/ Ft./Sec, 1.8 4.0 2.3
Discharge Rate 4/ C.F.S. 10 . 145 7
Maximum Water Surface Elevation 4/ Foot 1,728.7 1,717.0 1,684.2
Freeboard Hydrograph :
Storm Rainfall (6-hour) Inch 13,40 13.32 13.32
Storm Runoff Inch 10,40 10,70 10,20
Velocity of Flow (Ve) 4/ Ft./Sec, 8.0 10.3 8.0
Discharge Rate 4/ C.F.S. 830 2,470 837
Maximum Water Surface Elevation 4/ Foot 1,732,0 1,721.3 1,687.6
Principal Spillway Capacity C.F.S. 10 30 13
Capacity Equivalents
Sediment Volume Inch 1.95 2,22 .86
Water Supply Volume Inch 0 0 o]
Detention Volume Inch 3.30 3.29 3.36
Spillway Storage Inch 3,04 3.10 3.30
A A

Class of Structure —-

(Footnotes on last page Table 3)
December 1964
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TABLE_3_- STRUCTUHE DATA - P

LOODWATER RETARDING STRUCTURES

"'"'éﬁg'EﬁETfFEE:PﬁﬁFﬁSE'STRUﬁEU&E*(GSEE{EGEET"

1

per Pecan Bayou Watershed, Texas
Middle Colorado River Watershed)

—

:Unit Total

61

. Item _
Drainage Area 1/ S5q.ML. 342.97
Storage Capacit
Sediment Pool {50 yr.or 200 sc.ft,limit)Ac. Pt 3,144
Sediment Reserve (Below Riser-50 yr.) Ac.Ft, 884
Sediment Reserve {Above Riser-100 yr.) Ac.Ft. 4,131
Sediment 1n Detention Pool Ac . Ft, 1,616
Water Supply %/ Ac . Ft, 2/ 5,000
Floodwater Defention Ac Pt 57,405
Total Ac . Ft, 72,160
Surface Aree
Sediment Pool (50 yr.or 200 ac,ft,limit)Acre 717
Sediment Reserve Pool (100 yr.) Acre 1,356
Water Supply Pool Acre 449
Floodwater Pool Acre 5,588

Volume of Fi111

Cu,Yds. 5,265,576

Elevation Top of Dam Foot XXX
Maximum Height of Dam Foot XXX
Emergency Spillway .
Crest Elevation Foot XXx
- Bottom Width Foot XXX
Type -—— XXX
Percent Chsnce of Use 3/ -——— XXX
Average Curve No. - Condition IT -—— XXX
Emergency S:1l1lway Hydro raph
Storm Rainfell {6-hour Inch XXX
Storm Runoff Inch xxXx
Veloeity of Flow (Ve) 4/ Ft./Sec, XXX
Discharge Rate 4/ C.F.8, XXX
Maximum Water Surface Elevation 4/ Foot XXX
Freeboard Hydrograph
Storm Rainfall (6-hour) Inch XXX
Storm Runoff Inch XXX
Velocity of Flow (Ve) 4/ Ft./Sec. XXX
Discharge Rate 4/ C.F.8. _ XXX
Maximum Water Surface Elevation 4/ Foot XXX
Principal Spillway Capacity C.F.S8. XXX
Capacity Equivalents
Sediment Volume Inch XXX
Weter Supply Volume Inch XXX
Detention Volume Inch XXX
Splllway Storage Inch XXX
-—— XXX

Class of Structure

.

(Footnotes on last page Table 3)

4- 13548  12-64
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TABLE 3 - STRUCTURE DATA - FLOODWATER RETARDING STRUCTURES

and MULTIPLE-PORPOSE STRUCTURE (Continued)

Upper Pecan Bayou Watershed, Texas
Middle Colorado River Watershed)

1/ Exclusive of area controlled by other floodwater
retarding structures.

2/ Consists ot 2,500 acre-feet of recreational storage
and 2,500 acre-feet of municipal storage,

3/ Based on frequency analysis of stream'gage records.,

4/ Maximum during passage of hydrograph.

December 1964
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TABLE 4 - ANNUAL COST 1/

A e e e T T i . - e e e . i e e i e

Upper Pecan Bayou Watershed, Texas
?Middle Colorado River Watershed)

(Dollars)

:Amortization: Operation
Evaluation : of : and :
Unit :Installation: Maintenance: Total
: Costs 2/ : Costs 3/

All Floodwater
Retarding Structures
and Multiple-Purpose
Structure No, 7 and
Basic Recreational '
Facilities 158,503 14,830 173,333

B ]

TOTAL : 158, 503 14,830 173,333

-—

1/ Does not include work plan preparation cost.
2/ 1963 prices, amortized for 100 years at 3.125 percent,

3/ Long-term prices as projected by ARS, September 1957,
includes $1,584 for facility replacement.

December 1964

A+ 19548 12-44



ESTIMATED AVERAGE ANNUAL FLOOD DAMAGE REDUCTION BENEFITS

Upper Pecan Bayou Watershed, Texas
EMiddle Colorado River Watershed)

Price Base: Long=term 1/

Estimated Average

Annual Damage __+ Damage
Item Without : With : Reduction
Pro ject : Project : Benefits
{dollars) (dollars) (dollars)
Floodwater
Crop and Pasture 171,523 53,350 112,173
Other Agricultural 141,507 42,240 99, 267
Nonagricultural
Roads and Bridges 24,167 12,134 12,033
Subtotal 337,197 113,724 223,473
Sediment :
Overbank Deposition 22,025 4,518 17,507
Reservoir 14,823 6,210 8,613
Ercsion
Flood Plain Scour 19,64] 6,846 12,795
Indirect 39,369 13,130 26,239
TOTAL 433,055 144,428 288,627

e e i, e e

e

d-19342 12+8 4

1/ Long-term prices as projected by ARS, September 1957.
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TABLE 7_-_CONSTRUCTION UNITS

Upper Pecan Bayou Watershed, Texas
EMiddle Colorado River Watershed)

(Dollars)
‘s Annual : Annuall
Measures in Construction Unit : DBenefits Cost —/
1. Structure No, 7 82,020 26,749
2. Structure Nes, 1, 2, 3, 4, 5
6, 8, 9, 10, 11~ 777 106,972 48,827
. Structure Noa, 21, 22, 23, 24 35,741 14,922
. Structure Nos, 26, 27 14,415 7,939

1/ P

£-19548

rice Base: 1963

1484
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Land Use and Treatmen

. . o . P . i . i . P . . . e . T,

Soll 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 avail-
able range surveys and other cover information obtained from
records of the so0il conservation districts 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 effective-
ly 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, Central
Colorado, Middle Clear Fork, Lower Clear Fork of the Brazos,
and Upper Leon Soll Conservation Districts. From this in-
formation, with assistance of personnel from the Soil Conser-
vation Service work units at Brownwood, Coleman, Rising Star,
Baird, and Abllene, estimates were made of the various prac-
tices contributing directly to flood prevention which will be
applied on the watershed during the 10-year installation
period, The hydraullc, hydrologilc, sedimentation, and
economic 1nvestigations provided data on the effect land
treatment measures would have on reduction of flood damages.

Although measurable benefits would result from application of
the land treatment measures, it was apparent that other flood
prevention measures would be required to attain the degree of
watershed protection and flood damage reduction desired by the

local people,

. s gt S vt o . e e

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

1. A base map of the watershed was prepared
showing the watershed boundary, drainage
pattern, system of roads, and other perti-
nent information, A stereoscopic study
of consecutive A4-inch aerial photographs
was used to locate all probable floodwater
retarding structure sites, the limits and
the area of the flood plain, and other
points where valley cross-sections should
be taken for the determination of hydraulilc

[IERERET] 12«8 4



characteristics and for flood routing pur-
poses, This information was placed on the
watershed base map for use 1in field surveys,

The preliminary draft of the proposed works
of 1mprovement developed by the U, S, Corps
of Engineers on the Pecan Bayou Watershed
was examlned, studled, and determinations
made on the use of the data 1n preparation
of this work plan,

Baslc data developed 1in preparation of work
plans on adjacent Jim Ned Creek and Turkey
Creek work plans, as well as the fleld sur-
veys and data previously obtained in the
Upper Pecan Bayou Watershed, were re-examined
and studied 1n light of new criteria and
determinations made on the use, dependabllity
and scope of the information,

Field examlnations were made of all probable
floodwater retarding structure sites pre-
viously located stereoscopically. Sites
which dld not show good storage possibilities
or which would 1nundate highways or improve-
ments for which the cost of relocation could
not be economically justifiled, were dropped
from further consideration. From the re-
maining sites, a system of floodwater re-
tarding structure sites was Selected, bhased
on the degree of control desired, for further
conslderation and detalled survey. PFPlans

of a floodwater retarding structure typlcal
of those planned for this watershed are
1llustrated by figures 7 and 7a.

To obtaln the desired degree of control and
glve adequate protection to flood plain lands,
1t was necessary to locate several sites in
gserles with and above Sites 2, 24, and 27
(see figure 8).

Also to meet project objectives, 1t was
determined that Structure Site No, 7T would
be investigated as a multiple-purpose struc-
ture for water Supply and recreation,

The cross-sections of the flood plain, pre-
viously located stereoscopically, were ex-
amined in the fleld, adjusted to glve the
best representation of hydraullc character-
lstics and surveyed at the selected loca-

A« 12540 t2-44
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tions (figure 3). Data developed from these
cross-sections permitted the computation of
peak discharge-stage-damage relationships
for various flood flows, & map was prepared
of the flood plain on which land use, cross-
Ssection locations, and other pertinent in-
formation were recorded.

A topographic map with 4-foot contour intervals
was made of the pool area of each of the pro-
posed sites to determine the storage capacity
of the site, the estimated cost of the struc-
ture, and the areas of the flood plain and
upland that would be inundated by the sedi-
ment and detention pools. Maps of 23 struc-
ture sites were developed by use of the
stereoplotter and remalning 10 sites by other
standard survey procedures, Topographic maps
with one-foot contour intervals and a scale
of one inch equals 50 feet were developed for
each emergency spilllway to determine splllway
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
wldths, depths of flow, embankment yardage,
and volume of excavation in splllways were
computed for each structure, starting with
the storage volume needed to temporarily de-
tain the minimum runoff as determined from
criteria set forth in Soil Conservation Ser-
vice Engineering Memorandum SCS5-27, and Sec-
tion 2441, Texas State Manual, The runoff

to be stored was then increased by 1ncrements

to determine the amount of storage that would
result in the most economical structure.

Additional surveys were made to determine
conservation storage needs for municipal and
industrial uses, and for recreational devel-

opment,

The limits of the detention and sediment pools
of all satisfactory 8ites, including the con-
servatlon pool of the multiple-purpose site,
and the flood plain of the streams were drawn
to scale on a copy of the base map., Struc-
ture data tables were developed to show for
each structure the dralnage area, the storage
capacity needed for water Supply, recreation,
floodwater detention and sediment storage in



acre-feet and in inches of runoff from the
drainage area, the release rate of the prin-
clpal spillway, emergency spillway width and
depth of flow, maximum height of dam, the -
area 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).

9. Damages resulting frem floodwater, sediment,
and erosion were determined from damage
schedules and a survey made of sample areas.
Reductions in these damages resulting from
the proposed works of improvement were esti-
mated on the basis of reduction of peak dis-
charges, stages, and volume of runoff in
inches for various frequency storms, as
determined by flood routings, These flood
routings were made for conditions without
the project, with land treatment, and for
conditlions with all works of improvement
installed., Benefits so determined were al-
located to individual measures or groups of
interrelated measures including existing
works of improvement on the basis of the
effect of each on reduction of damages, In
this manner, it was determined that flood-
water retarding structures, including a
multiple-purpose one, could economically
be Justified,

By further analysis, individual floodwater
retarding structures and interrelated works
of improvement, including water Supply and
recreation, which had favorable benefit-
cost ratios, were determined. Alternate
sites were sought for those which had une
favorable individual benefit-cost ratios,
Such alternates were investigated until a
system of floodwater retarding structures
was developed which would give maximum net
benefits for the degree of control desired
at least cost. These works were included
in the plan,

When the land treatment measures and the structural measures
for flood prevention, water supply, and recreation 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 watershed protection and flood prevention
project (table 1), A second cost table was developed to

4-19 548 12.44
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show separately the annual installation cost, annual mainte-
nance cost, and total annual cost of the structural measures
(table 4)." Another cost table was made showing cost alloca-
tion by purposes and cost sharing by funds (table 2a),

Hydraulic and Hydrologic Investigations

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

1. Basic meteorological and hydrologlc data
were tabulated from Climatological Bulle-
tins, United States Weather Bureau and
Water Supply Papers, United States Geo-
logical Survey, and local records, These
data were analyzed to determine average
precipitation, depth-duration relation-
ships, seasonal distributions of precip-
itation, the frequency of occurrence of
meteorological events, the historical
flood series, rainfall-runoff peak dis-
charge relationships, and the relation-
ship of geology, soils and climate to
runoff depth for single storm events,

2. Engineering Surveys were made to collect
information on selected stream reaches,
including valley cross-sections, channel
capacities, highwater elevations of se-
lected storms, bridge capacities, and
other hydraulic characteristics, and on
proposed structure sites to collect data
used in design. Cross-sections and
evaluation reaches were selected on the
ground in collaboration with the economist
and geologist,

3. Present hydrologic conditions of the water-
shed were determined, taking into consider-
ation such factors as Ssollsg, land use,
topography, cover, and climate, Future
hydrologic conditions were detemined by
obtalning from work unit conservationists
and local landowners estimates of the
changes in land use and cover conditions
that could be expected during the instail-
ation period of the project, Runoff curve
numbers were computed from soll-cover com-
pPlex data obtained from the drainage area
of 11 representative structure sites and
8 10 percent random sample of the uncon-
trolled drainage area (about 25 percent

*-1kS548 12-864
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of the drainage area of the watershed) and
used with figure 3,10-1, Soil Conservation
Service, National Engineering Handbook,
Sectlon 4, Supplement A, to determine depth
of runoff from individual storms in the
evaluation series and the design storms,

Rainfall-runoff relationships were deter-
mined and compared with nearby gaged runoff
on similar watersheds, The percent chance
of occurrence of meteorological events was
determined by computing the pleotting of
values taken from Climatological Papers and
Water Supply Bulletins, and plotting rain-
fall, runoff, and peak discharges against
thelr respective plotting positions on Hazen
probablliity paper. The relationships of
runoff, peak discharges, and damages were
determined for various frequencies,
(3-10-1-24, NEH, Section 4, Supplement A,)

Rating curves for cross-sections in evalu-
ation reach 1 were computed by solving
water surface profiles, using the IBM-650
computer for selected discharges,

Rating curves for the remaining cross-sec-
tions 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 peak
discharges from the various storm frequen-
ciles and the relationships of the peak
discharges and volumes in the reach where
damages were determined by the Overland
Flow method,

Determination was made of peak discharges,
area inundated, and damages caused by the

various amounts of runoff which would
exist due to:

a, Present conditions of the watershed,
b, Effect of land treatment measures,

¢, Effect of land treatment measures
and floodwater retarding structures,

T3-64



d, Consideration of alternative and
various combinations of measures,

7. Floodwater retarding structures were class-
ified on the basis of potential downstream
damages 1in accordance with Englineering
Memorandum SCS-27, and Section 2441, Texas

State Manual,

8. Emergency spllliway design storm inflow hy-
drographs were developed for all structure
sites, Spillway widths and depths of flow
were determined by the Goodrich-Wisler
graphical routing method in accordance
wlith procedures set forth in Englneering
Memorandum SCS~27; NEH, Section 4, Hy-~
drology, Supplement A, NEH, Section 5,
Hydraulics; Technical Release No, 2; and
Section 24&1 Texas State Manual,

9, Reservolr operation studles were made for
the multiple-~purpose reservolr (Site 7)
using the procedures outlined in Section
4, Texas Engineering Handbook. The inflow
was computed using welghted rainfall
records for the period 1941 through 1957.
Gross lake surface evaporation data for
this period has been published by the
Texas Water Commission {Texas Board of
Water Engineers'! Bulletin 6006), Present
and future municipal demands were fur
nished by the Local Sponsoring Organliza-
tion and the Englineering Consultant.
Separate studlies were made for recreation
storage and for a combination of recrea-~
tion and municipal storage, A comparison
of the results of these studies shows the
storage available during the critical
drought period, These results are shown
in graphical form in figures 5 and 6.

The rainfall for the period 1922 to 1961, inclusive, was
selected for evaluating damages in this watershed, 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, Coleman, Abilene and Putnam Stations,

The 6-hour design storm rainfall and the emergency splllway
and freeboard hydrographs were computed for each site 1n ac-
cordance with Section 2441, Texas State Manual., The dimen-
g8lons of the emergency spillways were determined by graphl-
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cally routing the freeboard hydrographs. Composite hydro-
graphs 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; NEH, Section 4,
Hydrology, Supplement A; NEH, Section 5, Hydraulics; and Sec-
tion 24441, Texas State Manual

Frequency of use of emergency spillways was based on regional
analysis of gaged runcff from this and similar watersheds.
Detention storage, embankment yardage, rock excavation and
splllway depth, width, and allgnment were balanced to give
the most economical structure, which was 1ncluded in the
watershed plan,

An operation study also was made to determine the effects
that a complete watershed protection am flood prevention
project on the dralnage area above Lake Brownwood would have
on water ylelds of the lake, The results of this study are
shown in figure 2, It is significant that the reservoir
yield would bhe decreased slightly at the time floodwater
retarding structures are installed, but in the future, when

~demands are expected to be higher, yields would be increased,.

Sedimentation Investigations

Sedimentation investigations were made in accordance with
procedures in Watershed Memorandum WS-TX-25, "Sedimentation
Investigations in Work Plan Development", dated August 21,

1959.

Sediment Source Studiles

Sediment source studles to determine the 100-year sediment
storage requirements were made in the drainage areas of the
32 planned floodwater retarding structures, and one multiple-
purpose structure using the fullowing procedures:

1, Detalled investlgations were made in the
drainage areas of 11 of the planned
floodwater retarding structures, These
Investigations included: mapping soil
units by slope 1In percent; slope lengths;
present land use; present land treatment
on cultivated land; present cover condi-
tlon classes on rangeland and pasture;
land capabllity classes; lengths, wldths,
and depths of all stream channels and
scour channels and sheet scour affected
by erosion; and the estlimated annual
lateral erosion of stream channels.

- 15548 12-6h
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2, Office computations included summarizing
erosion by sources (sheet erosion, flood
plain scour, and streambank erosion) in
order to fit these data into formulas
for computation of gross annual erosion
in tons for conversion to acre-feet,

3, Field surveys and office computations to
determine sediment volumes under present
conditions for the remaining 22 struc-
tures not surveyed in detail cornigisted
of mapping the land use and arranging
the sites into homogeneous groups., Sedl-~
ment source summary sheets were prepared,
pased on similar sites which were sur-

veyed in detail.

L, The sediment rates were then adjusted to
reflect the effect of expected land treat-
ment on the drainage areas of the 33
planned floodwater retarding and multiple-
purpose structures. The computed sediment
storage requirement for each site is based
on a gradual improvement of watershed con-
ditions due to installation of needed land
treatment measures expected to be installed
during the first five years and maintained
at 60 to 7O percent effectiveness during

the next 95 years.

5, The volume of sediment storage allocated
to the different pools in the planned
structures is based on & volume welght
of 54.5-89.0 pounds per cubic foot for
submerged sediment, and 81.5-95.5 pounds
per cubic foot for aerated sediment,

6. The allocation of sediment to the struc-
ture pools was based on a range of 10 to
30 percent deposition in the detention
pcol and 70 to 90 percent deposition 1n
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 cutlet
structure,

The sediment source studies indicated that the erosion rates
in the watershed were low to moderate, A summation found
the annual sediment yields above the 33 planned floodwater
retarding structures to be 344,88 acre~feet, or an average
of 0.28 acre-feet per square mlile,

4-19848 1254




Flood Plain Sedimentation_and Scour

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
agronomic and other land treatment practices, soils, crop

yields, and land capabllities:

4-rpnae

1,

3.

Flield examinations and aerial photograph
studies were made along representative
valley cross-sections %figure 3) making
note of depth and width of scour channels
and sheet scour areas, stream channel ag-
gradation or degradation, and other im-
portant factors,

Estimates of past physical flood plain
damages were obtalned through interviews
with the landowners and operators and by
comparison of damages with non-damaged
areas.

A damage table was developed to show per-
cent damage by texture and depth incre=-
ment for deposition and percent damage by
depth and width of scour,

The sediment and scour damages were sum-
marlzed by evaluation reaches for the en-
tire flood plain and adjusted for recover-
abllity of productive capacilty. Estimates
for recoverability of productive capacity
were developed from fleld studies and in-
terviews with farmers,

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 in-
stalled. The results were compared to show
the average annual reduction of sediment
load contributing to overbank deposition.
The reduction of overbank deposition is
based on this reduction of sediment lcad
and reduction of area inundated by flood-
water, The reduction of scour damages due
to the installation of the complete proj-
ect 1s based on a reduction of depth of
flooding and area inundated.

i1tadd



Preliminary geologlc dam site investigations were made at
each of the 32 planned floodwater retarding and one multiplew
purpose structure sites in accordance with "Guide to Geologic
Site Investigations", Fort Worth Engineering and Watershed
Planning Unit area, dated October 1963, and Section 8, En-
gineering Geology, National Engineering Handbook., The fol-
lowing procedures were used:

4- 19548

1.

2.

12.014

Available pertinent geologic maps and
literature were gathered and studied,

Stereoscopic studies were made of aerial
photographs to determine the location of
rock outcrops and to help trace the
strata through the site areas,

A field investigation was made of each
8lte and notes were made of the fol-
lowing: :

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

b. The nature and thickness of the
80i1 mantle in the foundation,
borrow, and spillway areas as
determined from exposures and
from hand auger, power auger,
and core drill borings,

¢. 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 bearing on the
design and construction of a
dam, '

The field notes, along with information
pertaining to splllway excavation volumes,
embankment dimensions and volumes, physio-
graphlc descriptions, etc,, were used to
complete Form SCS-375, "Preliminary Geow
logic Investigations of Dam Sites",



Description of Problems

The planned floodwater retarding structures and multiple-
purpose structure are located on rocks of the Upper Pennsyl-
vanian, Lower Permian, and Lower Cretaceous periods,

A summary of site conditions and expected problems are given
in the following table:

: :Speclal Conditions and Problems
: :and_Percent Chance to Encounter
Geologic : : :Ero- " : Anhy- :
Group : : tdible : idrite :Pound-
or : Sites :Rock :Emer~ :long:or tation
Formation : iEx-  :gency :Bor-:Gypsum: Seep-
: tcava-:Splll~:row :1in rage
: :tion :way :Haul:Found-:
: : : :ation
Trinity Group 3, 4, 5, 31,
32, 33 5 95 - - 75
Clyde Forma-
tion 1, 2,7, 8 95 25 95 95 25
Belle Plain
Formation 9, 6, 10, 11,
12, 15, 13
1, 18" 7 90 65 45 65 4o
Putnam Forma-
tion 17, 18, 19, 20,
| 23, 22, 21 75 95 - - -
Moran Forma-
tion 25, 24 95 50 - - -
Pueblo Forma-
tion 27, 26 50 95 - - -
Clsco Group - 27, 28, 30, 29 75 75 25 - -

——— ——

Soll materials range from coarse to fine in texture and from
non-plastic to very plastic in cohesive properties. They are
expected to be of adequate quality at all the 33 sites. A
grass cover wlll be provided on the erodible emergency splll-
way exlt channels as soon as possible after construction.

Detalled Investigations, including explorations with core
drill equipment, will be made at all floodwater retarding
structure sites prior to construction. Fileld and laboratory
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tests will be made before determining the precise treatment
of 801l and rock materials in the foundations and embankments.

Economic Investigations

Selection of Reaches

The flood plain was divided into 10 evaluation reaches (fig~
ure 3) due to the difference in damageable values and flood
plain characteristics. This break simplified the evaluation
of the effects that various components of the overall program
and combination of structural measures would have on the re-
duction of damages.

Determination of Damages

Urban damages in the watershed are minor.

Agricultural damage estimates were based on historical data
contained in approximately 160 flood damage schedules taken
in the field and covering about 46 percent of flood plain
ownership or approximately 75 percent of the total flood
plain area, Historical data obtained included flood damages
to crops, fences, livestock, farm equipment, and roads and
bridges, Cropping systems, average flood-free yields, pro-
duction costs, land values, and land use were collected from
farmers, ranchers, local bankers, and agricultural speclalists
in the field., This data was used as a basis for determining
the damageable values and damage rates at various depths and
seasons of flooding,

The applicable rates of damage were applied to each flood
occurring in the flood series for the period 1922 through
1961, Adjustments were made on each reach to account for
the effect of recurrent flooding when several floods oc-
curred within one year,

Estimates of damages to other agricultural properties such

as fences, livestock and farm equipment were made from in-
formation in flood damage schedules and correlated with size
of flood., Estimates of damages to roads and bridges were ob-
talned from county commissioners, State highway officials and
local farmers.

The overland flow method of analysis was used on a part of
Reach 7, where the flood plain was not well defined, From
information obtained from farmers, an estimate was made of
the area which would be flooded by an acre-foot of water
flowing overland. Damage information obtained from floods
of record furnished the bazis for damage rates used in esti-
mating damage, on a part of this area in the Reach 7 flood
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plain., Crop and pasture damage here also were adjusted to
show the effect of recurrent flooding,

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

Estimates of flood-free ylelds obtalned from owners and opera-
tora of farms and agricultural workers in the area were ad.
Juated to allow for increased technology and the assumption
was made that production practices now used by the better
farmers would be 1n general use over the life of the project,

Monetary values of physical damage to flood plain landa from
scour and sediment were based on the net value of production
lost, taking into account the time for recovery, and dis-

counted,

Indirect damage from floods included re-routing of school
busses, i1solation of farmers from some fields due to farm
road damage, delays and extra travel in rural mall delivery,

additional travel time for farmers, and extra feed for live-

stock following floods., Based on information obtained from
watersheds previously analyzed, it is estimated that these
indirect damages will approximate 10 percent of all direct

damages,

—— i

Average annual damages within the watershed were calculated
for conditions without a project, with land treatment in-
stalled, and after installation of the complete project. The
difference between the damage at the time of the initiation
of each project increment and that expected after 1ts in-
stallation constituted the benefits brought about by that
increment through reduction in damages,

Reduction in monetary value of sediment to Lake Brownwood was
included as a project benefit. Based on the U, S. Corps of
Engineers reports, the current replacement value of Lake
Brownwood Dam would amount to about $59 per surface-acre.
This cost per surface-acre was used in computing the monetary
value of sediment reduction to Lake Brownwood,

Installation of this project will provide flood reduction
benefits on Pecan Bayou below Lake Brownwood. These benefits
were evaluated and included as a project benefit in this

watershed,
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Restoration _of Former Productivity and More Intensive Land

Use Benefits

Farmers in the watershed were asked what changes in cropping
Systems and land use had been made as a result of frequent
flooding and what changes in land use and cropping practices
might be expected in the future with these floods reduced in
extent and frequency. Using thelr predictions as a gulde, 1t
was estimated that approximately 425 acres of formerly cul-
tivated land now in low-yielding pasture would be returned to
more productive cash crops. It was determined from this
analysis that the average annual benefits from restoration

of former crop use would amount to $6,l53., Added damage to
higher damageable values from the remalning floods was cal-
culated and subtracted.

Fleld studiles indicated that 2,920 acres of flood plain would
be farmed more intensively with flooding reduced, The Cime-
liness of farm operations with flooding reduced will result
in the use of better farming techniques. More fertilizers
will be applied and wider use will be made of insecticides
and weed control measures. The use of certified and treated
seeds 1s expected to become more common. The benefits from
more 1lntensive use of flood plain lands were estimated to be
$14,406, annually.

The following tables covering area protected in Evaluation
Reach 1 show the cropping pattern, typical adjusted yields,
co8t of production and the values of restoration of former
productivity and intensification. Similar tables were de-
veloped for other evaluation reaches,

Without Project - Before Restoration
: : : :Value of:Direct

——— .

Produe-:Produc- : Net
s : : tion : tion tReturn
Land Use  :Acres: Yield:Unit: iCost ¢+
(dollars)(dollarsf(&ollaFET
Oats éGrain) 114 40 Bu. 3,739 1,967 1,772
Oats (Grazing) 114 2.5 AUM 872 17 855
Wheat Grain% 97 25 Bu, 3,880 1,737 2,143
Whest (Grazing) 97 2.5 AUM 744 15 729
Pasture (formerly
cultivated) 119 .5 AUM 182 18 164
Pasture 470 1.5 AUM 2,157 71 2,086
Hay 53 2 Ton 2,385 1,644 741
Grain Sorghum 18 2,000 Lbs 659 293 366
Miscellaneous _ 9 o - - -
Totsl 880_______ 14,618 5,762 8,856
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With Project: Evaluation Reach 1

Net Benefits to Intensification

_ e ____MAfter Reatoration of Former Productivity _ —_— e,
- : : : :8ross : : :
: : : :Value of :Produc- Net :Difference
Land Use :Acres:Yield :Unit:Produc- :tion Return :1in Net
b B M/ x  itdlon __ 3Coat oz :Return __
{dollars] (dollara) (dollars] {dollara]
Oata (Grain) 233 4 Bu, 7,642 4,019 3,623 1,851
oats (Grazing) 2/ 233 2.5 AUM 1,784 32 1,749 894
Wheat Grain% a7 25 Bu, 3,880 1,737 2,143 -
Wheat (Grazing} 97 2.5 AUM Thi 15 729 -
Pasture 470 1.5 AUM 2,157 Tl 2,086 -
Hay 53 2 Ton 2,385 1,644 741 -
Grain Sorghum 18 2,000 Lbs 959 293 366 -
Miscellaneous 9 e - ——r -
Total 880 19,251 7,814 11,437 2,745
Increased Net Return (Grosa Benefit}) 2,745
Less Added Flood Damage to Higher Values 139
Lesa Production Loss from formerly cultivated pasture 164
Unadjusted Increased Net Return : 3/ 2,452
AdJusted for S.year lag in accrual (net benefits } 2,295
%/ As projected over evaluation period. o
2/ Assuming 119 acres of formerly cultivated pasture 1s diverted to oat
production,
3/ Asauming 100-year eveluation, 3 percent, 5-year lag, factor 0.94%0.
Eveluation Reach 1
_ After More Intensive Use of Land I
- WITH PROJECT o
: :Flood- :8ross ValueiDirect : o 1Difference
Land Use iAcres :Free 1 tof Produc- :Froduction: Net :in Net
: :Yield—/:tiog*e/ _:Cost : Return_ :Return
{dollars) (dollars) (dcllars] (dollars)
Oata {Grain) 233 40 Bu. 7,642 4,019 3,623
Oats (Grazing) 233 25 AUM 1,784 35 1,749 -
Wheat Grain? 97 30 Bu, 4,656 2,231 2,405 282
Wheat (CGrazing) 97 3 AUM 890 15 875 146
Hay 53 3 Ten 3,578 2,487 1,091 350
Graln Scrghum 18 2, h00# 791 381 10 Ly
Paature 470 1.5 AUM 2,157 71 2,089
Miscellaneous .9 ez - -
Total 880 21, 498 9,239 12,259 8p2
Increased Net Return (Groas Benefit) 822
Less Added Damage to Hlgher Volume 2
Lesa Adjustment for land in Acerual 3/ *“?ﬁg'

o ————

Long-term prices, September 1957 projection.
Assuming 100-year evaluation, 3 percent interest, S-year lag, discount

%; Eventual yleld after project Installation.
¥/

factor 0.940.
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Recreation Beneflts

Multiple-purpcse Site No. 7, with 449 surface-acres, will have
storage capacities for recreation and municipal water, It
also will have bssic recreational facilities available to the
public, An estimate of the annual visitor days use of the
proposed development was made by comparing it with other simi-
lar facilities within a 50-mile radius from which use informa-

tion was avallable,

The following factors were considered in this comparison:
1, Population within a 25 and 50 mile radius,

Facilities available at the development,

2
3. Accessibility.
n

Size of recreation pool and assoclated basic
facilities available. :

5. Charge for use.

. Operation and maintenance levels,
7. Availability of competitive recreational
developments,

Analyses of these factors indicates thst only the Hords Creek
Reservoir had comparable facilities., U. S. Corps of Englneers
estimates of annual visitors to Hords Creek Reservoir are
260,000 per year, Its major zone of influence is within &
50-mlle radius. The total number of people within a 50-mlle
radius zone of influence of the proposed development 1s
266,000, A conservative estimate of 20,000 visitors annually
are expected to use this recreation facllity.

With the modern basic facilitles avallable at this site, a
gross value of $1.50 per day was used. Assoclated development,
and operation and maintenance costs, were consldered 1n ar-
riving at this use rate,

Municipal Water Supply

The value of municipal water storage was determinéd to be
equal to the least alternate cost of constructing an adequate

single-purpose reservolr,

The cost of a reservolr having a total storage of 5,000 acre-
feet, which provides 4,000 acre-feet of conservation storage,
and 1,000 acre-feet of sediment storage, was estimated to be
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$360,000, according to the consulting engineer's report, This
was amortized to the annual equivalent cost of $11,394.

i o e i s e i e i i o

Approximately 614 surface-acres of sediment pools at 27 struc-
tural sites will be available to the public for recreation, -
Based on studies made of similar watersheds, i1t 1s estimated
that use of these facilities will approximate 21,024 visitor
days. Since basic facilities would be limited to access roads
and campsites, a gross value of $1.00 per visitor day was used
in the evaluation, After deducting assoclated costs and opera-
tion and maintenance, and dlscounting for the 2-year lag in
accrual, a net benefit of $0.50 per visitor day was obtained.
Due to the limited basic facllitles, the value of $0,50 per

visitor day was used in the evaluation of incidental recrea-
tional benefits.

The analyses was based on the assumption that the sediment
pools would be avallable for a period of 38 years and decline
to zero at the end of 40 years, The recreation benefits were
discounted to allow for a 2-year lag in accrual and the grad-
ual decrease in sediment capacity,

Benefits accruing from use of sediment pools for livestock
water were based on a flat rate of $71 per site, as estab-
llished on the Green Creek study, or a total of %2,272.

No irrigation or other agricultural water management benefits
were evaluated.

Secondary Benefits

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

fits,

Appraisals of Land Easement Values

The value of easements was determined through local appralsal,
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 lost in the pool
areas after installation of the projJect. The average annual
loss in value of production within pool areas, plus secondary
costs therefrom, were compared with the amortized value of
eagements. The easement value was greater, therefore, ease-
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ment values were used in economic Justification to assure a
more conservative appruisal.

Details of Methodology

The historical storm series for the period 1922 through 1961
was used on all reaches. The overland flow method of analysls
was used on a portion of Reach No. Te

Flsh and wildlife investigations

The following is reproduced from the reconnalssance survey
report for the Upper Pecan Bayou Watershed, prepared by the
Bureau of Sport Fisheries and Wildlife of the Fish and Wild-
life Service, U, 3. Department of Interior.

"Wildlife habitat for mourning doves, bobwhites, and
song blrds also could be improved by Planting wildlife
food and cover plants on barren aress, eroded areas,
gullles, and steep banks, These plants would serve sas
food, cover and windbreaks, and also would add beauty

to the landscape., 3011l and wind erosion would te rew
duced with a subsequent improvement in soil capabilities,

"Fish habitat in the reservolrs could be improved by
discing the besins and planting them with e grain ovefore
they are allowed to store water., A good growth of grass
established immediately atove the reservolrs would pre-
vent erosion and reduce the amount of silt entering the
reservolrs. Inundation and decomposition of the srain

added fertility,
"It 1s recommended--

l. That the water allocated for fishing and general
recreatlon not be withdrawn for other uses.

2. That storage be added to other floodwater res-
ervolrs to provide additional opportunities for
fishing and hunting,

3. That speedboating and waterskiing not be per=
mitted on Site No, 7 Reservolir,

L. That wildlife food and cover plants be estgb-
lished on barren areas, eroded areas, gullies,
and ateep banks to provide food and cover for
wildlife, to reduce the amount of scil angd
wind erosion, and to improve the soil capabil-
Itias.
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5. That the basins of the floodwater reterding and
multiple-purpose structures be sowed to & gralin
and thet a stand of grass be established above
these areas prior to storage of watsr,

"The Upper Fecan bBayou Watershed offers excellent
oppoertunities to landowners to improve not only agri-
culture, tut also to enrich fish and wlldlife resources
and provide general recreation. Additional storage 1n
other reservolrs than Site No, 7, a8 supgested In Hecom-
mendatlon No. 2, would prove valuable in the future with
Increasing vecreational demands. Prohlbition ot speed-
boatling and waterskilng, as suggested in Recommendation
No. 3, would permit more satisfactory fishing and prevent
conflicts of use., It also would eliminate a safety
hazard which would exlst on this small body of water 1if
speedboating and waterskliing were permitted, Additional
benefits to fish and wildlife would be reallzed with the
adoption of Recommendations Nos. 1, 4, and §,

"Additional studies of the project are not considered
nNecessary at thils time, If the sponsors desire to
develop additional structures in the watershed for fish
and wildlife, the Bureau of Sport Fisheries and Wildlife,
in cooperation with the Texas Parks and Wildlife Depart-
ment w{ll be pleased to asslst them with such develop-
ments,!'
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