WATERSHED WORK PLAN

TEHUACARA CREEX WATERSHED
Of the Trinity River Watershed
Freestone, Limmstone, and Navarro Counties, Texas
June 1966

SUMMARY OF PLAN

The work plan for watershed protection and flood prevention in the
Tehuacana Creek watershed of the Trinity River Watershed was prepared by
the Freestone, Limestons, and Nawarro County Commissioners Courts and the
Freestone-leon, Limestona-Falls, and Nevarro-Bill Soil and Water Conser-
vation Districts as sponsoring local organizations. Technical assistance
was provided by the 801l Conservation Service of the U. 8. Department of

Agriculture.

The Tebuacana Creek watershed comprises an area of 447 square miles in
portions of Freestone, Limestone, and Nawarro Counties, Texas. About 77
percent of the projsct erea is rangeland and pastureland, 19 percent is
cropland, 1 percent is wildlife land, and 3 percent nonagricultural land
such a8 roads and wben areas. There is no Federally owned land in the
watershed,

The principal problem is prolonged flooding and sediment and scour damege
to the 20,115 acres of flood plain land. Overflows average four times

each year on soms portions of the flood plain.

The work plan proposes the installation of land treatment measures at an
accelerated rete during the l0-year installation period for the protection
of the watershed. Messures needed are those which will improve the hydro-
logic condition of the grassland and cropland. The installation cost of
these measures is estimeted to be $3,947,420. Of this amount, $167,150

is Flood Frewention Funds to provide for technical assistance at an ac-
celerated rate to complete the mapping of soils and to plan and apply the
needed land {reatment measures.

Forty-five floodwater retarding structures and 40 miles of channel im-
provement will be installed. The estimated cost of these structural
measures is $4,824,420. The Flood Prevention share of the cost is
$4,351,350. Bponsoring local organizations will furnish all needed land,
easements, rights-of-way, and relocation or modification of existing
improvements. The structural measures will be installed during a ten

year period.

The estimmted average annual floodwater damage without the project is
$119,958 of which $98,421 is to crops, pastures, livestock, fences, and
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farm equipment; $21,537 18 to roads and Lridges. Sediment and erosion
damages are estimated to be $18,430 and indirect damages $13,045 annually.

With the project installed, the annual crop, pasture, fence, and other
agricultural damages will be reduced to 524,391 and road and bridge
damages to $5,001, Sediment and erosion dameges will be reduced to
$6,470 and indirect damages to $3,706 annually. Approximately 140 land-
owners and operators of 20,115 acres of flood plan land will be directly

benefited by the project.

Total damage reduction benefits will be $111,533 annually. Secondary
benefits will average $32,269 annually. Benefits in the form of in-
creased net income from more intensive use of protected flood plain land
will amount to $47,314 annually. Approximately $37,357 annually will
result from incidental recreational use of the floodwater retarding
structures open to the general public, Redevelopment benefits from pro-

Jject employment of presently unemployed local labor is expected to be
$6,906. The ratic of the average annual benefits accruing to structural

measures ($229,832) to the average annual cost of these measures ($172,440)
is 1.33 to 1.0.

Land treatment messures will be operated and maintained by the landowners
and operators of the land on which the measures will be installed under
agreement, with Freestone-Leon, Limestone-Falls, and Favarro-Hill Soil and
Water Conservation Districts. The structural mesasures will be operated
and maintained by the Commiseioners Courts of Freestone, Limestone, and
Kavarro Counties. These local organizations have the authorities under
applicable State laws to operste and maintain the planned works of im-
provemsnt. The value of the cost of operation and maintenance of the
structural measures is estimated to be $14,360.

DESCRIPTION OF THE WATERSHED

Physical Data

Tehuacana Creek watershed encompasses an area of 286,000 acres (447 square
miles) and is located in Freestone, Limestone, and Navarro Counties.
Towns included in the watershed are Fairfield, Mexia, Streetman, Teague,

Tehuacana, and Wortham.

The main stream of Tehuacana Creek originates at Tehuacana and flows in an
easterly direction for 40 miles, entering the Trinity River about 12
miles northeast of Fairfield. Some of the larger tributaries are big
Brown, Pinocak, Cottonwood, Caney, Cedar, and Little Tehuacana. There are
approximately 20,115 acres of flood plain, excluding stream channels.

The watershed has a total length of 35 miles and a maximnm width of 13
mles., Elevations range from 601 feet above mean sea level along the
western divide at Tehuscans to about 240 feet near the confluence of
Tehuacana Creek with the Trinity River.

4-22092 Yi(-46

—/



Eocene strata, occupying the entire watershed surface area, have greatly
influenced the topography., The following tabulation shows, in descending
order, the exposed geologic strata within the watershed:

Group Formation Character
Claiborne Carrizo Massively bedded, poorly cemented
sandstones
Wilcox Sabinetown Thinly leminated sandstones and
sandy claystones
Wilcox Rockdale 811ty to sandy claystones; thinly

to massively bedded, poorly cemented
sandstones; lignite lentils

Wilcox Sequin Finely laminated, silty shales and
sandstones

M dvay Wills Point Silty to sandy claystones and
fine grained sandstones

M dwey Kincaid Glauconitic sandstones and clay-
stones; fossiliferous, sandy
limestones

The Kincaid formation occurs along the western divide of the vatershed
and accounts for only two percent of the drainage area., The Wills Point
formation, adjacent to the Kincaid, has a surface exposure of about seven
miles in width and occupies approximately 30 percent of the watershed.
This formation has a flat, featureless » or gently rolling topography.

The Wilcox group represents about 65 percent of the surface area and is
exposed in a broad belt 15 to 20 miles wide in the central and eastern
portions of the watershed. These strata have a total thickness of several
hundred feet and form a moderately to steeply rolling topography.

The surface expression of the Carrizo formation is a ridge of moderate
relief occurring along the eastern divide of the watershed and accounts

for approximately three percent of the drainage area.

The strata in this region strike northeast with a regionsl dip to the
soutbeast of approximetely 100 feet per mile. A small area of the water-
shed, in the vicinity of Worthem and Mexia, is located within the Mexia

fault zone,

The solls of the Blackland Land Resource Area are located in the main
stem and the Trinity River bottomlands and i{n the western portion of the
watershed. These solls are fine to medium textured, deep, and moderately
to very slowly permeable. The principal series are Wilson, Crockett,
Boubam, Houston Black, Houston, Ksufman, Trinity, and Frio. Fertility
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levels are moderate to high. Approximately 40 percent of the watershed
lies in this land resource area,

Soils of the Texas Claypan Area Land Resource Area occur in the remainder
of the watershed. The principal series include the Axtell, Cuthbvert,
Eufaula, Sawyer, Stidham, Kirvin, Ruston, Ochlocknee, and Tabor. These
are predominantly deep, find sandy loams, loamy sands, and fine sands.
Sandy clays, sandy clay loams, and fine sands form the subsolils and are
rapldly to very slowly permeable. Fertility levels generally are low.
Soils are uneroded to slightly eroded on the nearly level to gently
sloping areas and slightly to moderately eroded on the steeper areas.
Some severely eroded areas occur, but their areal extent is small. These
areas are stabilizing and are not critical sediment sources.

Land use in the watershed is estimated to be:

Land Use Acres Percent
Cropland 55,000 19
Pastureland 109,000 38
Rangeland 110,670 39
Wildlife Land 2,640 1
Miscellaneous 1/ 8,690

Total 206,000 100

1/ Includes roads, highways, railroads, urban areas,
stream channels, etc.

The hydrologic cover on pastureland and rangeland, ranging from poor to
good, is classified mostly as fair. Cropland produces somewhat less
effective hydrologic cover, but conservation practices such as cover and
gréen manure crops, crop residue use, terracing, and contour farming have
been effective in reducing erosion and sediment damage .

Range sites within the watershed are Grayland, Rolling Blackland, Gullied
Blackland, Sandy loam, Sandy, Deep Sand, and Bottomland. The most
desirable grasses, which decrease as grazing increases, included little
bluestem, Indiangrass, big bluestem, switchgrass, beaked panicum, sand
lovegrass, vine mesquite, and purpletop. Increasers are sideoats grama ,
Texas wintergrass, silver bluestem, tall dropseed, low panicum, and
sedges. Vegetation that invades as a result of overuse of rangeland in-
cludes windmill grass, buffalograss, Texas grama, splitbeard bluesten,
western lovegrass, mesquite, prickly pear, and all annuals. Woody vege-
tation includes elm, hackberry, red oak, white oak, pin oak, post oak, and
blackjack oak. The range condition classes of the watershed are as

follows:
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Class Blackland Prairie Texas Claypan Area

(Percent ) ( Percent )
Excellent 5 10
Good 10 35
Fair 60 Lo
Poor 25 15
Total 100 100

Mean monthly temperatures range from 44 degrees Fahrenheit in the winter
to 87 degrees in the summer, with a mean annual temperature of 68 degrees,
The extreme recorded temperatures are two degrees below zero and 112
degrees above zero. The normal growing season is 260 days.

The mean annual precipitation is 37 inches, based on & k8-year record at
Mexia, Texas. The minimum recorded rainfall was 22.43 inches in 1917 and
the maximum was 58.03 in 1957. Individual rains of excessive amounts
cause serious flooding and sediment damage. Although these storms may
occur Quring any season, the majority have occurred in April, May, and

June,

Water for domestic and livestock uses in the rural arees is supplied
largely by small ponds and shallow wells. Water for Mexia, Streetman,

and Wortham is supplied by reservoir storage, while Fairfield, Teague, and
Tehuacana obtain water supplies from wells.

Economic Data

The trend in farming operations during recent years has been from crop to
cattle production. The sale of livestock and livestock products consti-
tutes the basic source of on-farm income. The livestock enterprise con~-
siste primarily of producing beef cattle with some swine and poultry.
Cash crops grown in the watershed area are cotton, corn, vetch, small
grains, and watermelons. Cotton and corn are of minor importance. Some
farm income is derived from the sale of hay, fence posts, and firewood.

The flood plain formerly was used for production of cultivated crops and
native pasture. Because of frequent flooding, sediment, and erosion
damages, most of the cultivated land has been diverted to hay crops and
improved pasture. Some of the wooded areas have been cleared and devel-
oped as improved pasture. The use of coastal bermdagrass for improved
pasture is on the increase, It is expected that more of the flood plain,
once used for row crops, will be utilized for feed and hay production in

connection with the growing beef cattle enterprise.

Ownership trends indicate a decreasing number of farms with more acres
per farm. Farming is becoming more specialized with an increased number
of commercial farms. The tenure trends are toward fewer owners, part

owners, and tenants, but more farm managers.
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The average farm income in this area was 33,933 1in 1959 according to
avallable census data. More than 25 percent of the farm operators work
100 or more days off the farm and receive an income exceeding the value of
their farm products sold. The current market price of land ranges from

$150 to $200 per acre.

Tndustries in the watershed include a rock quarry and sawmill at Fair-
field; and railroad shops, brick and tile kiln, and woodworking plant at
Teague. There is also some oll production in the northwest portion of

the watershed.

The transportation needs in the area are served by approximately /50 miles
of roads, of which an estimated 300 miles are paved., These roads do not
provide adequate access to all parts of the watershed. Two railroads
transverse the watershed and ample loading facilities are available at

Teague.

The population of Freestone County, in which more than 90 percent of the
watershed 1s located, has declined from 21,138 in 1940 to 12,525 in 1960.
This represents a forty percent decrease in total population within
twenty years. The 1965 population is estimated to be 11,900. The 1960
census of 12,525 people constituted 3,391 families with a median family
income of $2,361 per year. The Freestone County labor force and unemploy-
ment for April 196k, according to the Texas Employment Commission, is as
follows: total labor force 3,955, unemployed 210, manufacturing 110, non-
manufacturing 2,965, and agriculture 940. Approximately thirty percent

of the total income for Freestone County is derived from egricultural

operations,

Freestone County has been designated as an area of underemployment under
the Area Redevelopment Act. Limestone and Navarro Counties have not been
designated as eligible for assistance under provisions of the Area Re-

development Act.

A secondary source of income to the landowners of the watershed are fees
received for deer leases. Most of the area is leased at an average rate
of $100 per gun. The watershed has a great potential as a recreational
area. Upon the completion of Interstate Highway 45 between Dallas and
Houston, the watershed will be readily accessible to two large metropol-
itan areas. The sediment pools of floodwater retarding structures will
provide additional water for all forms of wildlife. Also, additional
recreational benefits will be derived from fishing, swimming, boating,
plenicking, water fowl hunting, and camping activities.

land Treatment Data

The Soil Conservation Service work units at Fairfield and Wortham are
assisting Navarro-Hill, Freestone-lLeon, and Limestone-Falls Soll and
Water Conservation Districts. These work units have assisted district
cooperators in preparing 697 basic soil and water conservation plans on
172,900 acres and have given technical assistance in establishing and
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maintaining planned measures. Current revision is needed on 351 basic
conservation plans. Soil surveys are complete on 190,000 acres, or
percent of the watershed.

Approximately 26 percent of the needed land treatment practices for pas-
tureland and rangeland have been applied. Over 65 percent of the grass-
land hae adequate cover to protect it from erosional processes. More
than 47 percent of the needsd land treatment practices on cropland are
installed. It is estimated that 65 percent of the needed land treatment
will be established by the end of the installation period.

WATERSHED PROBLEMS

Land Treatment

Improper land use is a minor problem in this watershed. In recent years
the trend has been toward converting cropland from cotton and corn to
pasture and hay crops. A high percentage of this land has become estab-
lished in low forage producing annual and perennlal grasses. Progress is
being made in establishing these areas to improwed grasses. However, the
pasture and hayland planting needs to be accelerated.

There are approximetely 43,000 acres of rangeland that need to be cleared
of brush and trees to attain maximum forage potential. This area now
produces poor ylelds which results in decreased incomes. Additionally,

brush control is needed on 152,500 acres of pastureland and rangeland to
prevent encroachment by woody vegetation.

Floodwater Damage

The Flood plain consists of 20,115 acres, excluding stream channels, that
will be inundated by the runoff from the largest storm considered in the

20-year svaluation series.

During this 20-year evaluation period, 1941 through 1960, there were 39
major and 42 minor floods. More than 65 percent of the major and minor
floods occur during the months of April, May, and June, vwhich is the
geasan when crops are at & critical stage of growth and are very suscep-
tible to damage fron floodwmter.

An average of 4 floods occur each year on Tehuacana Creek and its trib-
utaries. Floods that inundate more than 50 percent of the flood plain
occur on the average of twice each year.

The average annual floodwater damages without the program of land treat-
ment and structural measures are estimated to total $119,350. These
damages consist of $70,555 of crop and pasture damage, $27,866 of other
agricultural damage, and $21,537 of road and bridge damage.

The largest flood during the 20-year evaluation series occurred during the
month of May 1944, Thia flood, with a recurrence interval of 25 years,
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State Highway 1449 was closed three times in the Spring of 1965 due to
floodwater.

County road crossing main stem closed by floodwater.
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Fence at this location upstream from Highway 833 on Caney Crxeek txributary
was replaced geveral times due to floods of 1965.

Sediment deposits cover flood plain areas. These depogits are rapidly

filling existing channels and are reducing their capacity to carry water.
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inundated approximately 20,115 acrea. Monetary damages from this flood
were estimated to be more than $125,000.

As much as 50 percent of the flood plain has been under cultivation, but
frequent flooding has forced operators to retire all but about 10 percent
to pasture, A great amount of damage occurs to pastures, fences, and
livestock each year. Improved pastures are not being managed for maximum
use due 1o loas of fertilizers and seeds from flooding.

Attempts have been made by individual landowners to enlarge and levee the
channel along the main stem to protect bottomlands. These efforts,
generally, have not proved to be satiafactory and the levees are not
being maintained adequately.

Erosion Daunage

Erosion rates in the watershed range from low to moderate., Conversion of
cropland to improved pastures and application of land trestment measures
have greatly reduced erosion damage in recemnt years. This trend of con-
verting cropland to pastureland has been particularly effective in re-
ducing erosion in the Blackland Prairie portiona of the watershed.

Present upland ercsion rates range from 1.60 to 2,10 acre-feet per square
mile anmually in the Blackland Prairie and from 0.60 to 2,30 acre-feet per
square mile annually in the Texas Claypan Area lLand Reaource Area. The
average annual erosion rates under present conditions are 1.70 acre-feet
Per square mile in the Blackland Prairie and 1.30 acre-feet per square
mile in the Texas Claypan Area. In the upland aress of the Blackland
Prairle, sheet ercsion accounts for 90 percent and gully and streambank
-erosion for 10 percent of the annual soil loss. Sheet erosion represents
80 percent and gully and streambank erosion 20 percent of the annual soil
loas in the upland areas of the Texas Claypan Area.

Flood plain scour damage is generslly low. This can be attributed to
grassland which provides protective cover on a high percentage of the

flood plain lands. The area of greatest damage occurs along the main
stream of Tehuacana Creek (Reach I, figure 4) in the vicinity of Farm
Road 488. Tt is estimated that the productive capacity of 600 acres is
being reduced 10 to 60 percent amnually by scour. Flood plain ascour
damage by evaluation reach is as follows:
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Sediment deposition covers bottomland o

f Brown Creek tributary following
large rains of 1965.

Road and bridge damaged on Brown Creek tributary. Bridge at this location
was replaced three times in 1965,
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Acres Damaged

Percent Damaged

Evaluation Reach; 10 20 : 30 Lo : 50 60 Total
I 43 91 62 g5 8 6 305

II - 23 33 7 2 - 70

III - 2 5 - - - 7

IV - 32 11 16 - - 59

v - 33 25 ik - - 72

VI - & 17 - - - 25

VII - 28 15 19 - - 62
Total L3 217 173 151 10 6 600

The estimated average annual damage by flood plain scour is $2,225.

Channel entrenchment and lateral erosion are generally minor in the

lower reaches of the watershed and moderate in the upper reaches, with
the exception of the upper reaches of Tehuacana and Big Brown Creeks where
entrenchment and bank cutting have been quite active.

Sediment Damsge

The estimated land
loss by channel erosion is less than two acres per year.

Sediment damage is moderate to severe. The most damaging sediment consists
of sands which originate in the Texas Claypan Area land Resource Area and
The aresa cof most severe damage
is occurring along Big Brown Creek where deposits have attained depths up
to 10 feet. Overbank deposition, ranging from silty clays to fine sands,
has reduced the productive capacity of an estimated 4,870 acres of flood

is deposited close to its point of origin.

plain lands from 10 to 60 percent.

damage by evwaluation reaches:

The following tabulation shows the

Acres Damaged
: Percent Damaged

Evaluation Reach: 10 : 20 : 30 : LO : 50 60 Total
I 7680 374 155 133 30 - 1,522

II 52k 66 170 - - - 760

III 11 17 17 - - - Ls

Iv 246 230 99 138 27 32 652

v 251 124 115 66 14 - 570

VI Th 85 66 16 - - 241

VII 179 302 193 L5 361 - 1,080
Total 2,065 1,198 015 328 L32 32 4,370

The average annual damage from sediment deposition on flood plain lands
is estimated to ve $16,273.
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Deposition of sediment has reduced channel cepacities materially in the
lower portions of the watershed, resulting in increased frequency and
depths of flooding. The most severe aggradation occurs in the central
reaches of Big Brown and Caney Creeks. Capacities along portions of
these channels, for all practical purposes, are negligible.

Problems Relating to Water Management

Very little irrigation is heing practiced in the watershed end there was
no interest shown in developing storage for irrigation.

Drainage problems are minor and are limited to small low areas caused by
overbank deposition. Local efforts to improve drainage in these areas
have heen hindered by the frequency and duration of past flooding.

The small towns and communities within the watershed obtain thelr water
from wells and small surface reservoirs. Some of these sources are in-
adequate and there was an Interest indlcated by the towns of Wortham and
Streetman in developing water storage for municipal and industrial use.
These towns are unsble to participate financially in this development at
this time. Rural water supplles are obtained from shallow wells and ponds

which furnish adequate amounts to satisfy daily needs.
There 1s a considerable amount of hunting and fishing in this watershed.

Frequent flooding and sediment deposition has been very detrimental to the
fish and wildlife habitat on the flood plain.

There is some salt water pollution from oil wells on the two tributaries
on which Sites Nos. 3, 5, 6, and 7 are located (figure 5). Due to dilution
from runoff, this pollution has little effect downstream from the conflu-

ence of these two tributaries with the main stem.

PROJECTS OF OTHER AGENCIES

There are no known existing works of improvement for water resource devel-
opment which would affect or he affected by the program included in this

work plan.
Tennessee Colony reservolr planned on the main stem of the Trinity River
below Tehuacana Creek is included in the Trinity River Authority Master

Plan. The Tehuacans Creek project will increase the life of this reser-
volr by reducing the sediment delivered to it.

The Tarrant County Water Control and Improvement Districet No. 1 has con-
sidered a site for & water supply reservolr in the lower reach of Tehua-

cana Creek.
BASTS FOR PRQJECT FORMUILATION

After a reconnalssance of the watershed by specialists of the Planning
Staff, meetings were held with the sponsoring local organizations to dis-
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cuss existing flood problems, water resource development needs, and to
formulate project objectives. It was agreed by the sponsors and the
Service to plan a project that would:

1. Include land treatment measures based on current needs which
can be applied during the project installation period and
which contribute directly to watershed protection and flood

prevention.

2. Attain a reduction in average annual floodwater and sediment
damages from 65 to 75 percent.

It was also agreed that the development of water supply storage for muni-
cipal and recreational water for the towns of Streetman and Wortham would

ve investigated.

Alternate systems of structural measures were evaluated to obtain the
most feasible system., Land treatment measures, floodwater retarding
structures, and stream channel improvement are the most feasible means

of meeting project objectives.

Other objectives of the over-all watershed project are reduction of upland
erosion and encouragement of owners to develop the structure sites as
recreational areas. Recreational developments at sediment pools of flood-
water retarding structures will provide landowners the opportunity to

establish income producing enterprises.

In the selection of floodwater retarding structure sites, consideration
was given to locations which would provide the desired level of flood
protection. The location, size, number, and cost of structures were
influenced by topographic and geologic conditions, existing roads, pipe~
lines, powerlines, land use, and farmsteads. Alternate combinations of
structural measures including stream channel improvement which provided
the desired level of flood protection were considered during the develop-
ment of the work plan. The most efficient system was used to meet the

project objectives.
The Tehuacana Creex project is an important part of the comprehensive

plan for the Trinity River Basin as it will provide additional protection
to the works of improvement to be installed for navigation of the Trinity

Riwver.

WORKS OF IMPROVEMENT TGO EE INSTALIED

Land Treatment Measures

An effective conservation program vased upon the use of each acre of
agricultural land within its capavilities and its treatment in accordance
with its needs, such as is now being carried out by the Freestone-leon,
Limestone-~Falls, and Navarro-Hill Soil and Water Conservation Districts,
is essential to a sound continuing program of flcood prevention in the
watershed. Basic to the attaining of this objective is the establishmert
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and maintenance of all applicable soil and water conservation and plant
management practices. Emphasis will be placed on accelerating the estab-
lishment of land treatment practices which have a measurable effect on the
reduction of floodwater and sediment damages.

The extent of needed land treatment measures which have been applied to
date within the project area represents an estimated expenditure by land-
owners and operators of $2,566,250, including reimbursemenis under the
Agricultural Conservation Program (table 1A}. Table 1 includes estimates
of the acreage in each major land use which will receive accelerated land
treatment during the 1l0-year installation period. These measures will be
established and maintalned by the landowners in cooperation with the local
soll and water conservation dlstricts.

In addition to the presemtly avallable technical assistance, $167,150
will be made available from flood prevention funds to accelerate tne soll
surveys, planning, and the establishment of needed practices and measures.

There are 697 basic conservation plans covering 172,900 acres. It 1s
expected that during the 10-year installation period, 200 additional baslc

plans will be prepared and 351 revised.

Following is the schedule for completing the needed soll surveys during
the installation period: years 1-3, 25,000 acres each; years 4-10, 3,000

acres esach. :

The accelerated application and maintenance of land treatment measures 1s
particularly importent for protection of the 127,226 acres dralning into
planned floodwater retarding structures. The applied land treatment meas-
ures will reduce the sediment which would be dellivered to the floodwater
retarding structures by about 13 percent. There are 158,774 acres which
will not be controlled by floodwater retarding structures. On tnese lands,
the establishment and malntenance of land treatment measures and stream
channel improvement on a portion of the flood plain constitute the only
planned measures. lLand treatment measures are lmportant in reducing scour

damages on the flood plain.

It is anticlipated that cropland will decrease from approximately 55,000
acres to 46,500 acres during the installation period. The rémaining crop-
land will be in the protected flood plain and in the upland areas which
are less susceptible to erosion., Conservation cropping sysiems including
such land treatment practices as cover and green manure crops, contour
farming, and improved residue-conserving tillage operations will be estab-
lished on 15,100 acres of cropland. These farming practices will improve
water-holding capacity, lncrease infiltration rates, improve fertility,
and reduce erosion of the soil. About 00,000 linear feet of gradient
terraces will be built and provided with needed grassed waterways %o
control erosion and retard runoff from the more roliing lands. Estab-
lishment of needed waterways will precede construction of terraces.

It is expected that pastureland will increase from approximately 109,000
acres to 126,000 acres during the installation period. This increase will
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result from conversion of marginal rropland and rangeland to improved
pastureland. Pasture and hayland managemen: will e practiced on an
additional 45,800 acres of improved pasture. Approximately 20,000 acres
of this area will be improved or reestablished by seeding or sodding to
attain a good base cover. Special grazing control will be carried out

and fertilizers applied as needed.

Rangeland will decrease from 110,670 to 83,270 acres, a reduction of 20
percent. Most of the reduction in rangeland will be to pastureland and
wildlife land. The following practices will be installed on rangeland
during the project peried: range proper use, 37,000 acres; range deferred
grazing, 15,000 acres; and range seeding, 3,500 acres,

Approximately 15,000 acres of rangeland and pastureland will be cleared of
trees and brush.

Application of wildlife improvement measures, including stocking of fish
in farm ponds and sediment pools of floodwater retarding structures, will
enhance or maintain upland game, fish, and waterfowl habitats. During
conservation planning landowners will be encouraged to include treatment
Tor wildlife in their plans. It is anticipated that 12,000 acres of
wildlife habitat preservation measures will bve applied during the project
period., Excellent cover will be established within the fenced areas on
the embankments and emergency spillweys of floodwater retarding structures
and will furnish additional areas of wildlife havitat,

The installation of land treatment measures will reduce the total annual
erosion in the watershed approximately 12 percent., Infiltration will be
increased by the improvement of cover in the cultivated areas and in-
creased grass density and vigor in the pastured areas. Terraces, diver-
sions, and waterways will slow the runoff from cultivated fields.

Structural Measures

A total of L5 floodwater retarding structures and 40 miles of stream
channel improvement are required to provide the desired reduction in
floodwater and sediment damsges to flood plain lands. Completed field
surveys and investigations indicated a potential for the inclusion of
capacities for municipal and recreational water in three of the flood-
water retarding structures. Results of these studies, indicating that
municipal and recreational water storage would be feasible, were pre-
sented to the sponsors. After consideration of the estimated costs
involved, the towns of Streetman and Wortham decided they were unable
to participate at this time. The locations of the structural measures

are shown on the project map (figure 5).

Figure 1 shows a section of a typical floodwater retarding structure.

All structures located in Texas Claypan Area lLand Resources Area will
require foundation drainage.
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The cost of installing works of improvement is as follows:

Floodwater Retarding Structures $3,602,920
Stream Channel Improvement $1,221,500
Total $4,82L ,420 (table 2)

The capacity of the k0 floodwater retarding structures on the mainstem
totals 62,171 acre~-feet, Of this total, 10,877 acre=feet is provided for
sediment accumilation over a l00-year period and 51,294 acre-feet for
floodwater detention. Runoff from 51 percent of the watershed above
valley section 1 will be retarded, Floodwater detention represents an
average of 5.24 inches from the area upstream from the structures. The
capacity of the 5 floodwater retarding structures on Brown Creek totals
5,001 acre-feet. Of this total, 1,158 acre-feet is provided for sediment
accumulation over a l00-year period, and 3,903 acre-feet for floodwater
detention. Runoff from 36.5 percent of the watershed above valley section
1A will be retarded. Floodwater detention represents an average of 4,77
inches from the area upstream from the structures. The amount of runoff
controlled by each structure is shown in table 3.

All applicable State water laws regulating the appropriation of water or
the diversion of streamflow will be complied with in the design and con-
struction of structural measures.

The improved channel on Brown Creek will have a trapezoldal cross section
with 1,5:1 side slopes. The capacity will be sufficient to carry the peak
flow from one-half inch of runoff from the uncontrolled area, plus the
release flow from the floodwater retarding structures. The improved
channel on the main stem and Caney Creek will have a trapezoidal cross
section with 1.5:1 side slopes. The capacity will be sufficient to carry
the peak flow from one inch of runoff from the uncontrolled area, plus

the release flow from the floodwater retarding structures down to valley
section 1, Below valley section 1, the channel will be enlarged to carry

the release flows only.

Excavated materials will be disposed of within the right-of-way of the
improved channel and may be placed in contiguous oxbows remsining after

improved alinement. Pagsageways through spoil banks for side drains will
be provided at property lines, roads, and at other points where tributaries
will enter the channel. Approximately 160 pipe drops and chutes will be
installed to stabllize the outlets of side drains for small local areas.
Placement of the spoil will be in accordance with the criteria outlined

in Texas State Manual Supplement 2441.8.

The total cost of structural measures is estimated to be $u4,824,420
(table 2).

Details on quantities, costs, and design features of structural measures
are shown in tables 1, 2, 2A, 3, and 3A.

4-22982 11-66



EXPLANATION OF INSTALLATION COSTS

The estimated cost of planning and installing land treatment measures
during the 10-year installation period, including expected reimbursement
under the Agricultural Conservation Program, is $3,9%7,420 ($2,566,250
expended to date) based on current program criteria. Accelerated techni-
cal assistance will be provided to landowners and operators through the
soil and water conservation districts by the Soil Conservation Service at
an estimated cost of $167,150 from flood prevention funds. These land
treatment costs are based on present prices being paid by landowners and
operators to establish the individual measures,

Estimates of the kinds, amounts, and costs of land treatment measures
were furnished by the Navarro-Hill, Limestone-Falls, and Freestone-Leon

Soil and Water Conservation Districts.

Land, easements, and rights-of-way for the floodwater retarding structures
and stream channel improvement will be furnished by local interests at no
cost to the Federal government. The Commissioners Courts of Freestone,
limestone, and Navarro Counties will exercise their rights of eminent
domain to obtain those easements and rights-of-way for the structural
measures located in their respective counties which are not donated.

Costs for reinforcing, underpinning, or reconstructing piers and abutments
of existing public road bridges, necessitated by deepening of channels in
connection with stream channel improvement, are considered as construction
costs and will be borne by flood prevention funds., Such costs are limited
to those required to provide a facility of comparable quality and perfor-
mance capability equal to that of the existing bridge.

All other costs of bridge alterations are considered right-of-way costs
and will be borne by local interests.

The local cost for the 45 floodwater retarding structures and 40 miles of
stream channel improvement, estimated to be §473,070, consists of land,
easements, and rights-of-way ($426,170}, relocating and clearing obstacles

($23,800), and legal fees ($23,100).

Construction costs for the L5 floodwater retarding structures and 40 miles
of stream channel improvement, estimated to be $3,513,460, include the
engineer 's estimate and a 10 percent allowance for contingencies. The
engineer’s estimates were based on unit costs of structural measures con-
structed in similar areas and modified by special conditions inherent to
each individual site location. The cost of installation services is
estimated to be $837,890, including engineering and administrative costs.
The total construction and installation services costs for these measures
is $4,351,350 and will be borne by flood prevention funds.

The total cost of the floodwater retarding structures and stream channel
improvement for flood prevention is estimated to ve $4,824 ,420. The total
cost of the project, including land treatment is $3,7/1,840,
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The estimated schedule of obligations for the installation period for the

project, including installation of both land treatment and structural
measures, is as follows:
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Flocd ~

Fiecal . Preventlon Other
Year Meagures Funds Funds Total
{dollars) {dollars? {dollara}
First Floodwater Retarding Structures 41 through 45
and Stream Channel Improvement Brown Creek 505,620 28,070 533,650
Iand Trestment 16,715 378,027 394, Tha
Subtotal o 522,335 T Lob,097 528,432
Second Floodwater Retarding Structures 1, 2, 3, L7, T
and 36 through Lo 556,060 99,Tho 657,800
land Treatment 16,715 378,027 39, Th2
Subtotal 574,775 k77,767 1,052,542
Third Floodwater Retarding Structures b through 8 399,760 ) 75,150 474,910
1and Treatment 16,715 378,027 39%,Th2
Subtotal MEATs ks, TT 869,652
Fourth Floodwater Retarding Structures 9 through 13 360,690 L6,850 LoT,5k0
land Treatment 16,715 378,027 394, T2
Subtotal 377,405 42k, 877 8oz ,282
Firth Floodwater Retarding Structures 14, 15, 16,
18, ana 13 347,390 73,150 h2o,5h0
land Trestment 16,715 378,027 394, 7h2
Subtotal 364,105 o Lsl,177 815,282
Slxth Floodwater Retarding Structures 21 through 2k 198,540 h,770 213,310
Land Treatmont 16,715 378,027 394,7h2
Subtotal 215,255 392,797 608,052
Seventh Floodwater Retarding Structures 2% through 28 382,900 42,660 Las, 560
Iand Treatment 16,715 378,027 394 ,Th2
Subtotal 399,615% L20,687 820,302
Eighth Floodwater Retarding Structures 29 &nd 30,
and Stream Channel Improvement Caney Creek 429 480 25,550 455,030
land Treatment 16,715 378,027 394, 7h2
Subtotal 446,195 | ko3, 577 849,772
Ninth Floodwater Retardlng Structures 20, and 31
through 35§ Los,boo 371,130 k2,530
Land Treatment 16,715 378,027 394 ,7h2
Subtotal 422,115 415,157 837,272
Tenth Stream Channel Improvement Meinstem 763,510 30,000 933,510
land Treatment 16,715 378,027 394 ,7h2
Subtotal 780,225 Lot,027 1,188,252
Total for Instellation Period o i 4,518,500 4,253,340 8,771,840
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EFFECTS OF WORKS OF IMPROVEMENT

The application and maintenance of land treatment measures will provide
for a more sustained agricultural production. Increased efficiency in the
use of factors of preduction will be achieved by taking marginal cropland
out of production and reducing the hazards of flooding on the benefited

areas.

Surplus crops, although minor in the watershed, will further diminish as
a result of the planned land treatment program., It is expected that there
will be a 15 percent decrease in cropland during the installation period.

Small grains, feed grains, and vetch will continue to be grown primarily
for on-farm consumption. Cash crops will include watermelons, corn,
cotton, vetch, feed grains, and small grains.

More efficlent livestock operations will result from the application of
land clearing and management practices. Approximately 20,000 acres of
pastureland will be improved or re-established in coastal bermudagrass
which will provide excellent hay and grazing for livestock. Additional
income will bve derived from the sale of grass sprigs.

Application of the planned land treatment practices is expected to reduce
the total annual soil loss from 500 to 44O acre-feet, a reduction of 12
rercent. In addition, these practices will extend the effective life of
installed structural works of improvement through reduction of sediment
deposition in floodwater retarding structures and sections of improved

channels.

Wildlife preservation measures will improve game habitat and result in
greater incomes to landowners from hunting fees.

With the installation and operation of the project, 9 of the 39 major
flecods such as those which occurred during the 20-year evaluation period
would be reduced to minor floods. Including recurrent flooding, the
average annual area flooded would be reduced from 34,767 to 11,431 acres.
The average annual area flooded three feet or more in depth without project
is 9,359 acres. This is reduced to 1,032 acres after project installation.

The following table shows the acres flooded by storms of specified fre-
quencies without and with the project:
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:_____________. :_;A-VEI'&'&_E ﬁecurrence e e
Evaluation : 50 Percent Chance:10 Percent Chance: L qucenﬁ”gpgqgg;_
Reach :Without : With :Without : With :wWithout ; With
(Figure b) :Project : Project:Project : Project:Project : Project
{acres) (acres) (acres) (acres) (acres) (acres)

I 5,543 3,915 5,974 5,223 6,103 5,565

II 3,018 750 5,718 2,302 6,857 3,437

IIT 233 100 303 205 320 207
Iv 2,733 1,629 2,930 2,230 2,975 2,332

v 1,679 1,192 1,378 1,528 1,932 1,580

VI hho 172 539 396 564 L52

VII 828 sho 1,26k 775 1,364 37

Total T T 1h k83 8,308 18,606 12,659 20,115  1k,slo

The annual flood plain scour damage on 0600 acres is expected to be reduced
71 percent. Eleven percent will be attribuytable to land treatment meas-

ures and 60 percent to structural measures.

After the complete project is installed, a 69 percent reduction in over-
bank deposition on 4,870 acres will be effected, with 10 percent resulting

from land treatment measures and 59 percent from structural measures,

Without the project, a 48~hour 25-year frequency storm will produce 5,43
inches of runoff from the watershed, BSuch a storm occurred on May 1l-2,
19k, The runoff from this storm produced an estimated peak discharge of
54,300 cublc feet per second at the reference valley section No. 1 (fige
ure 4), and inundated 20,115 acres of flood plain land below proposed

floodwater retarding structure sites.

With the project installed, the peak discharge from this storm would
have been reduced to 23,200 cublc feet per second and the area inundated

reduced to 14,410 acres,

Figure 3 graphically illustrates the reduction at valley section 8 for
the storm of March 3-4%, 1945 (5.50 inches of rainfall, 2.68 inches of
runoff), representing a 3-year frequency storm. _

Reduced flooding will make it possible to increase the productivity of
flood plain land and to plan and establish cropping systems which will
result in greater net returns. The flood threat from a recurrence of the
storms in the evaluation series would be eliminated from 5,705 acres.
This will permit more intensive use of this fertile land.

It 1s expected that intensification will occur on about 3,700 acres of the
flood plain on which flooding 1s expected not more often than once in
three years on the average. A large amount of this change will ve from
pasture and wooded pasture to improved pasture and hayland. Allotted
crops are minor and no significant changes are expected.
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Landovners of flood plain lands will be able to carry out a more diversi-
fled and intensified agricultural program. An estimated 140 landowners
and operators of 20,115 acres of flood plain will be benefited directly

by the project.

The most severe damage to roeds, bridges, and railroads is caused by
floods that cover 75 percent or more of the flood plain. With the pro-
jeet in place, the number of flocds included in the 20-year series that
would inundate 75 percent or more of the flood plain would be reduced
from 12 to 0. The reduction of these larger floods would decrease ine
direct losses resulting from traffic rerouting and marketing delays by

approximately 73 percent.

Percent K Number of Floods in 20-Year Series
Flood Plain Covered i Without Project With Project
50 =~ 75 27 9
7% - 100 12 0

Some loss of wildlife habitat will result from the clearing and inundation
of sediment pool areas. All sites will offer opportunities for fish
production and provide waterfowl habitat where none existed previously.
Wildlife habitat in flood plain areas will be improved by reduction of
frequency, depth, and duration of flooding. Upland habitat for wildlife
will be enhanced by the application of land treatment.

The sediment pools of the floodwater retarding structures open for public
use will provide neighborhood recreaticonal opportunities that would not
otherwise be available locally. Facilities will be aveilable for recrea-
tional uses such as fishing, picnicking, boating, camping, and hunting.
Peak water based recreational use is expected to occur from May through
September. Fishing and hunting continue throughout the year witn tne
peak in hunting occurring during the November-December deer season. For
these pools, it is estimated that there will be 58,500 visitor-days an-

nually with a peak daily use of 1,400 visitors.

The project will create additional employment opportunities for local
residents. The firms contracting for installation of the structural
measures will hire some of their employees locally. Operation and wain-
tenance of project measures over the life of the project will alsc pro-
vide employment opportunities for local residents.

Secondary benefits, including increased business activity and improved
econcmic conditions in the surrounding communities, will result from the
installation of the project. In addition, the increased farm production
will provide an exranded market for lavor, meterials, and equipment used
in farming operations. The increased production will provide added
income for farm families, thereby improving their standard of living.
Economic activities will be stimulated by sales of boats, motors, fishing
and camping equipment, and other items associated with improved recrea-
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tional opportunities. These secondary benefits will have a favorable
effect on the watershed and in the surrounding areas. In addition, there.
are intangible benefits such as increased sense of security and the oppor-
tunity to plan farm operations without consideration of frequent flooding.
local secondary benefits were considered to be equal to 10 percent of the
direct primary benefits plus 10 percent on the increased costs that pri-
mary producers will incur in connection with increased production.

PROJECT BENEFITS

The estimated average annual flood damage (table 5) within the watershed
will be reduced from $152,301 to 440,768, a reduction of 73 percent.
Approximately 5 percent of the damage reduction benefits will result from
land treatment measures; all the remainder will accrue to the structural

program.

The total benefits from structural measures are estimated to be $229,832

annually. It 1s estimated that benefits from more intensive use of flood
plain will be 347,314 annually after discounting for a 1lO-year lag in ac-
complishment.

Redevelopment benefits stemming from employment of local labor during the
project installation and operation and maintenance will amount to an

amortized value of $6,906 annually.

It is estimated that the project will produce secondary benefits averaging
$32,260 annually in the local area. This amount which excludes indirect
benefits in any form, consists of $18,609 benefits stemming from the pro-
Ject and $13,660 venefits induced by the project. Secondary benefits of
national significance were not considered pertinent to the evaluation.
Therefore, only those benefits of & local or area nature were considered

in the economic evaluation.

Tncidental recreation benefits {picnicking, fishing, and hunting), based
on an estimated value of 90 cents per visitor-day, will equal $37,387
asnnually for structures open for public recreational use. Facilities will
be moderately developed. Allowance was made for associated costs of 10
cents per user-day for repairs, maintenance, and operation of facilities

and liability insurance.

In addition to the monetary benefits, there are other substantial benefits
which willl accrue to the project such as enhanced land values 1n viecinity

of floodwater retarding structures, an increased sense of security, better
living conditions, and improved wildlife habitat. None of these addition-
al benefits were evaluated in monetary terms; nor have they been used for

project Jjustification.
COMPARISON OF EENEFITS AND COST

Average annual benefits from structural measures, excluding secondary

benefits, are estimated to be $197,563. The average annual cost of these
structural measures {amortized from total installation cost plus operation
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and maintenance), is estimated to ve $172,440, providing a benefit-cost
ratio of 1l.15 to L.

Total benefits, including secondary venefits, from structural measures
vill provide a benefit-cost ratio of 1.33 to 1 (table 6).

During the lO-year installation period, land treatment measures will be
installed by individusl landowners on privately<owned land through the
leadership of the three soll and water conservation districts. Acres to
be treated, by land use, are shown in table l. The goal is to hawve at
least 65 percent of the land treatment applied at the end of the instale
lation period. In reaching this goal, it 1s expected that accomplishments
will progress as follows:

Fiscal : Cropland : Pasturelsand : Rangeland : Wildlife Land : Total
Year : Acres : Acres : Acres : Acres : Acres
1 1,600 k,600 3,700 1,200 11,100

2 1,500 L ,600 3,700 1,200 11,000

3 1,500 4,600 3,700 1,200 11,000

L 1,500 L ,600 3,700 1,200 11,000

5 1,500 4,600 3,700 1,200 11,000

6 1,500 4,600 3,700 1,200 11,000

7 1,500 4,600 3,700 1,200 11,000

8 1,500 4,600 3,700 1,200 11,000

9 1,500 4,600 3,700 1,200 11,000
10 1,500 L 400 3,489 1,200 10,589
Total 15,100 k5,800 36,739 12,000 109,689

Technical assistance in the planning and application of land treatment is
provided under the goling programs of the soll and water conservation
districts. A standard soll survey is in progress and adeguate surveys
have been completed on 190,000 acres. There are 96,000 acres needing
standard soil survey. This work wvill be completed during the installation

period.

The governing bodies of the Freestone-leon, limestone-Falls, and Navarro-
Hill Soil and Water Conservation Districts will assume aggressive leader-
ship in getting an accelerated land treatment program underway. The land-
owners and operators will be encouraged to apply and maintaln soll and
vater conservation measures on their farms and ranches. District-owned
equipment will be made available to landowners and operators in accord-

ance with existing arrangements.

Technical assistance will be accelerated with flood prevention funds to
insure installation of the planned measures during the installation period.
These funds will be used by the Soil Conservation Service to assign addi-
tional technicians to the local soil and water conservation dtetricts to
accelerate the application of soil, plant, and water conservation measures.
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Accelerated technical assistance during the lO-year instellation period,
by the Soil Conservation Service work units at Feirfield and Wortham, 1is

estimated to be $167,150.

The County Agricultural Stabilization and Conservation Service Committees
will cooperate with governing bodies of the soil and water conservation
districts in selecting practices which will accomplish conservation ov-

jectives,

The Texas Extension Service will assist in the general educational phase
of the program by furnishing information to landowners and operators in

the watershed.

The Soil Conservation Service will contract for the construction of the
45 floodwater retarding structures and 40 miles of stream channel improve-
ment., prepare plans and specifications, supervise construction, prepare
contract payment estimates, make final inspections, certify completion,
and perform related tasks for the installation of these structural neas-

ures.

The local sponsors will provide, at no cost to the Federal government, all
the land, easements, rights-of-way, and relocation of existing improve-
ments as needed for the construction of the floodwater retarding struc-

tures and atrean channel improvement.

The atructural measures will be constructed pursuant to the following
conditions:

1. The requirements for land treatment in the drainage
area above gtructures have been satisfied.

2. Land, easements, and rights-of-way have been secured

for all structural measures or for a group of structures
in & hydrologic unit, or written statements are furnished
by the appropriate sponsoring local organization(s) that
their rights of eminent domain will be used, 1f needed,

to secure any remaining easements within the project in-
stallation period, and that sufficlent funds are avail-
able and will be used to pay for these easements, permits,

and rights-of-way.
3. Operation and maintenance agreements have been executed.
k, Flood prevention funds are aveilable.

FINANCING PROJECT INSTALLATION

Federal assistance for carrying out the works of improvement as described
in this work plan will be provided under the authority of the Flood
Control Act of 1944, as amended and supplemented.
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The costs of applying land treatment measures will be borne by the owners
and operators of the land., Flood prevention funds will be used for tech-
nical aseistance in accelerating the application of conservation measures,

Provision of Federal funds is contingent upon the local organizations
meeting their obligations and upon appropriations.

Landowners were contacted by the local sponsors during development of the
work plan, and it is expected that the major portion of the easements and
rights-of-way will be donated. The Commissioners Courts of Freestone,
Limestone, and Navarro Countles will exercise thelr power of eminent
domain as may be needed to secure rights-of-way necessary for installation
of structural measures located in thelr respective counties.

The sponsoring local organizations 4o not plan to use a Farmers Home
Administration loan for this project.

The soil and water conservation loan program of the Farmers Home Adminis-
tration is avallable to all eligible farmers in the area. Educational
meetings will be held in cooperation with other agencies to outline the
services available and eligibility requirements. Present clients will
be encouraged to cooperate in the project.

The County Agricultural Stabilization and Conservation Service Committees
will cooperate with the sponsoring organizations by providing financial
assistance for those land treatment measures which will meet the conser-

vation objectives In the shortest possible time.

PROVISIONS FOR OPERATION AND MAINTENANCE

Land Treatment Measures

Land treatment measures will be maintained by the landowners and operators
of the farms on which the measures are installed. Representatives of the
s0il and water conservation districts will make periodic inspections of
the land treatment measures to determine maintenance needs. Landowners
and operators will be encouraged to perform the management practices and
needed maintenance. District-owned equipment will be available for this

purpose,

Structural Measures

The estimated annual operation and maintenance cost is $1k4,360 for the
floodwater retarding structures and stream channel improvement. The
capitalized value of operation and maintenance costs is approximately

$438,340.

Specific operation and maintenance agreements will be executed prior to
the issuance of invitation to bid on construction of any of the structural

works of improvement included in this work plan.
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Each year the County Commissioners Courts will provide sufficient monies
from the Road and Bridge Fund for operation and malntenance of structural

measures.

The Freestone County Commissioners Court will be responsible for operation
and maintenance of the 40 miles of stream channel improvement and flood-
water retarding structure Sites Nos. 4, 6, 8 through 12, and 14 through
45, The Limestone County Commissioners Court will be responsible for
maintenance of structure Sites Nos. 1, 2, 3, 5, and 7. The Navarro
County Commissioners Court will be responsible for the maintenance of
structure Site No. 13. In addition to available funds, maintenance will
be accomplished through the use of contributed labor, by contract, by
force account, or by a combination of these methods. The courts will
establish a permanent reserve fund to be used for operation and mainten-
ance of the structural measures. The following tabulation shows the
structural measures and the estimated cost of operation and maintenance
for which each county has responsibility:

: Freestone : Limestone : Navarro . Total
_ :Str.No. : Annual :Str.No.: Annual :Str.No.:Annual: Annual
_Measure :or Amt., : Cost :or Amt.: Cost :or Amt.: Cost : Cost
4,6,8

Floodwater through

Retarding 12, 1k

Structures through 1,2,
5 &

3
L5 $105,210 T $1k,250 13 $3,090 $122,550

Channel
Improvement 40O Mi. 49,890 - - - - 49,890
TOTALS $155,100 $ 14,250 $3,090 $172,440

The structural measures will be inspected jolntly by representatives of
the appropriate soil and water conservation district and county commis-
sloners court after each heavy stream flow. The Soll Conservation Ser-
vice representative will participate in these inspections at least annual-
ly for the first three years following the installation of each structure
and for successive years if unusual conditions warrant. For floodwater
retarding structures, inspection will include such items as the condition
‘of the principal spillway and its appurtenances, the earth fill, the veg-
etative cover, and the fences and gates installed as a part of the struc-
ture. For stream channel improvement, inspection will include such jitems
as the degree of scour, channel filling, bank erosion obstructions to
flow, watergates, excessive brush and tree growth within the channel, and
the condition of side inlets and drains. The listed items of inspection
are those most likely to require maintenance, '
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IAME 1 - ESTIMATEQ PROJECT IMSTALLATION COST

Tebuacana Creek Waterahed, Texas
(Trinity River Watershed)

Price Bage: 1963

Fetimated Cost (Ocllara)

Inatallacion Gost : H 3 :
1 tam : ynit : Number :Federal 1/: Ocher Total
LAND TREATH!!I
Soil Consarvation Service
Cropland Acra 31,630 - 1,023,100 1,023,100
Pastureland Acra 45,800 - 1,176,400 1,176,400
Reangaland Acre 43,330 - 1,544,770 1,544,770
Wildlifa Land Acre 12,000 - 36,000 36, 000
Technical Apelstance (Accelarated) 167,150 - 167,150
Subtotal - #C8 134, 760 167,150 3,780,270 27 3,947,420
TOTAL LAMD TREATMENT 34, 760 167,150 3,780,270 2/ 3,947,420
STRUCTURAL mﬂgs
Soil Consarvation Sarvica
Floodwater latarding Structurse MNo. 4% 2,527,510 - 2,527,510
Stream Channal Teprovesent Mile 40 985,950 - 985,930
Subtotal - SCA 3,513, 460 - 3,513, 460
Subtotal - Construction 3,513, 460 - 3,513,460
Installation Berviceg
Soil Conservation Ssrvice
Enginearing Services 529,750 - 529,750
Other 308,140 - 308,140
Subtotal - 8CH 837,890 - 837,890
Subtotal - Inzstallation Servicag 837,890 - 837,8%0
Other Coseta
Land, Easenpents, and Righta-uf-¥ay - 469,970 449,970
Legal Fees L ] - 23,100 23,100
Suhtotal « Othar Copte - 473,070 473,070
&L‘AL S 5. 351,350 573,070 4 824, 420
TOTAL PROJECT 4,518,500 4,253,340 8,771,840
Subtotal - 5C8 4,518,500 4,253,340 8,771,840
TOTAL PROJECT 4,518,500 4,253,340 B, 771,840
—— —
1/ PFlood pravention funda.
2/ 1Includas telwbursament from ACP funde under going program,
June 1966
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TABLE 1A - STATUS OF WATERSHED WORKS OF TMPROVEMENT

Tehuacana Creek Watershed, Texas
(Trinity River Watershed)

Price Base: 1965
Total
Applied Cost
Measures Unit to Date 1l/: (Dollars) 2/
LAND TREATMENT

Brush Control Acre 35,000 525,000
Conservation Cropping System Acre 20,000 20, 000
Contour Farming Acre 2,250 1,130
Cover and Green Manure Crop Acre 3,500 35,000
Crop Residue Use Acre 30,000 15,000
Farm Ponds No. 1,183 473,200
Grasses and Legumes in Rotation Acre 650 4,870
Grassed Waterway or Qutlet Acre 75 3,750
Land Clearing Acre 15,000 750,000
Pasture and Hayland Management Acre 20,000 10,000
Pasture and Hayland Planting Acre 20,500 410,000
Pasture and Hayland Renovation Acre 17,350 260, 250
Range Deferred Grazing Acre 8,300 4,150
Range Proper Use Acre 25,000 12,500
Range Seeding Acre 300 3,000
Terrace, Gradient Foot 693,000 34,650
Wildlife Habitat Preservation Acre 1,250 3,750

2,566,250

TOTAL LAND TREATMENT

1/ As of June 30, 1966

z/ Includes reimbursement from ACP funds under golng programs.
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TABLE 2 - ESTIMATEQ STRUCTURAL COST DISTRIBUTION

Tehuacanaz Creek Watershed, Texas
(Trinity River wWatershed)

(Dollars) 1/

Installation Cost - Federal Funds :

Total

: :Installation Services; : Non-Federal : Total
Structure Site ¢ Construc- : Fngineer- : :+ Total :Installation; Installation
Number or Name tion ing Other : Federal : Cost 2/ Cost
Floodwater Retarding Structures
1 56,790 10, 340 5,110 72,240 10,450 82,690
2 43,730 7,960 3,940 55,630 6,000 61,630
k| 54,760 3,960 4,930 69,650 9,500 79,150
4 25,560 6,390 2,440 34,390 2,55D 36,940
5 73,550 11,030 6,450 91,030 14,900 105,930
6 69,060 10, 360 6,060 85, 480 16,500 101,980
7 60,310 9,050 5,290 74,650 15,800 90,450
8 92,280 13,840 8,090 114,210 25,400 139,610
9 87,050 13, 060 7,630 107, 740 16,700 124,440
10 56,730 10,320 5,110 72,160 5,950 78,110
11 32,300 7,110 3,000 42,410 4,650 47,060
12 45,390 8,260 4,080 57,730 8,800 66,530
13 65,160 9,770 5,720 80,650 10,750 9], 400
14 48,070 8,750 4,320 61,140 12,900 74,040
15 46,840 8,530 4,210 59,580 23,250 82,830
lé 32,350 7,120 3,010 42,480 7,350 49,830
17 46,990 8,550 4,230 59,770 18,000 717,770
18 114, 240 14,850 9,840 138,930 25,150 164,080
19 34,470 7,580 3,210 45,260 4,50C 49,760
20 49,030 8,920 4,410 62, 360 2,460 64,820
21 51,880 9,440 4,670 65,9490 9,030 75,020
22 31,370 6,900 2,920 41,190 2,210 43,400
23 29,900 6,580 2,780 39, 260 1,480 40,740
24 40,960 7,450 3,6%0 52,100 2,050 54,150
25 113,600 14,770 9,790 138,160 15, 440 153,600
26 72,480 10,870 6,360 89,710 13,390 103,100
27 45,400 8,260 4,090 57,750 5,650 63,400
28 78,600 11,790 6,890 97,280 8,180 105,460
29 72,440 10,870 6,350 89,660 4,790 94,450
30 61,540 9, 230 5, 400 76,170 5,260 81,430
31 44,140 8,030 3,970 56,140 4,470 60,610
32 65, 630 9,850 5,760 81,300 10,490 91, 790
33 50,420 9,180 4,530 64,130 3,430 67,560
34 62,710 9,410 5,500 77,620 7,600 85,220
33 50, 200 9,140 4,510 63,850 8,680 72,530
36 53,540 9, 740 4,820 68,100 8,050 76,150
37 57,060 10, 390 5,130 72,580 15,890 88,470
38 23,080 5,770 2,200 31,050 4,390 35,440
39 46,780 8,510 4,210 59,500 15,090 74,590
40 54,670 9,950 4,920 69,540 12,370 81,910
41 46,990 8,550 4,230 59,770 6,230 66, 000
42 56, 060 10, 200 5,050 71,310 3,130 T4, 440
43 74,430 11,160 6,530 92,120 7,840 49,960
44 53,890 9,810 4,850 68,550 2,530 71,080
45 55,020 10,010 4,950 69,980 3,390 73,370
Subtotal 2,527,510 427,610 225,180 3,180,300 422,620 3,602,920
gtream Channel Improvement
8rown Creek 118,320 15,380 10,150 143,8%0 4,950 148,840
Caney Creek 222,700 22,270 18,680 263,650 15,500 279,150
Main Stem 644,930 64,490 54,000 763,510 30,000 793.510
Subtotal 985,950 102,140 82,960 1,171,050 50,450 1,221,500
GRAND TOTAL 3,513,460 529, 750 308,140 4,351,350 473,070 4,824,420
1/ Based on 1965 prices.
2/ 1Includes land, easements, rights-of-way, legal fees, and removing obstacles. June 1966

4-22092 11-66

A N__————_—_——_———_—_—_—_—_—_—_—_—_=_=_==r



32

9961

aunfp
(£ 2198l a%ed 31sE] WO 8310ujnog aag)
v L 7 v v v v v ¥ v 210320135 3O SSELD
S0°€ 8L € ol ¢ £L°€ 68 L 0%°¢ 997§ S8y Tt yaui /6 9%e1035 Kemylvdg
Sit 8i'¢ 766 F4: 8 4 98y 88 ¢ 959 69"y 6% 98¢ yaug WumMon wOYIUIAg
e 1 0 1 821 €1 6271 el LI %1 861 17'1 yaul SIN0A JUIUIPIS
. sjualearnby 43ydedeny
] &1 1174 101 9l 11:] €1 a9y 9€ is ‘549 (womyxen) Laypowded Aeal1rds Tedysurag
C 9Ly SUzcw 8 g2y g9y 8° STy 0 %9y 9Ly 9 ity S 06y 7969 1004 /9 uollenaya FIBIING 13IRM OMUTRVH
9st’ 1 00s°g 0%6*y 188°1 44304 me*T %9 188°7 1e1°1 1€E°e 57470 - /9 @1wd afaeyasyg
8¢ 06 066 8% £8 i 4] 08 Lt <8 T35/ 4 /9 (PA) mo1d 3o Laraolap
5721 6821 50 €1 0 €1 6L°21 61721 B1°€1 60°E1 €271 87°€1 Yyl _ JFyoury wiolg
0T°¢1 61" S1 0161 01°61 00° 51 00° 61 0141 161 SI°¢T [ youl /& (anoH-9} lejulwy wiois
ydealoipdy pieogasag
- - - - 172w - - - - - 004 \m UOTIPADITT ATWIINE 13IBN WOUTKEH
g o o [+] 9 ¢ 1] ¢ 0 0 *§°4"D _ /9 21w 381egosyp
o [+] ¢ [+) 80 o 0 [+] ¢ ¢ T35/ /9 (A} mo1d 3o L31301aa
90" ¢ ov°s €76 £hg o%°g oh-c 69°¢ 75's 79°¢ 7 3 yaug - J3ouny miolg
(2] 0%t 0f¢ 0f ¢ oh ¢ oh L [ M3 ow L oyt £ LEL /5 {InoH-9) Tesurey mioilg
ydevaoipdy Aeairids AmuaBasmg
09 £g Y Y £8 £g 131 L2} <8 48 IT WTITPUe) - oM 3a1nD) aBelany
(R 0% (Vi3 oY Bg (it 8 € 69 oY oY /% 280 Jo 3umg) Juadlag
*Rap +Bap “dap -Sap - ETY “Bap “Fap “3aa i £ 7Y r3aA adLy
06 052 o2 06 00¢ 291 0% 081 8L LTA ¢ 1004 QIPTA WOy
G EEy 0" 8TY S yey 0 7oy 0 Iy S 09v S yEy [ TL o igy S 76 0c 4 UoTIMN21I 1831)
Aen]1yds £Louafaawy
T3 £y oy 9t €€ of 2 67 43 1t 1004 /€ wee jo Byan wnmpxey
S ogy s'zcy 8°82% 289 85y 0 vy 9T | 9Ty S 06y ¥ 96y 1004 wrg Jo dol uoyienaly
00016 DOY'8LT  000'SOZ 006611 O0ORIZET  006°ZY] 000 ‘9t 00T ‘t¢ 00588 0a% ‘201 “PA'ND 11¥d Jo sunjop
€6 i oLy 5T 114 (144 LE ot %11 102 312y _lo0d 1338apoo1q
61 15 €8 [+ [+ £s 8 9T 114 6t Ay /T 10od juamypag
B31Y 3awjang
ey el TNs e 1261 2281 <59 06T e 9L 959 ‘1 Tadcoav 1e30L
LTL) ALt 4 €062 9951 6yl (41 | (1% 4 0Tt £09 IFL ‘AW U0 TIUIB] I2IEPAPOO 14
§] At 01t (441 €L1 SE1 L4 201 4] higs “1d oy 1004 UO1I0233¢ OT JuamIpas
- 71 VT4 - - - - - - - AT A 1201 aoTag 3AIISIY IWIWTPIS
o8 661 00z 161 002 891 ot 121 68 751 T o /T 1004 Jusmipag
£1128dwy aBeioas
0Tz €9:¢ /T1ze S /T 6% 1€y 90 882 161 6"y “IHbS ®a1y 3Bwureig
61 6 8 i ? 9 : < T 7 £ z 1 T Wa3l

(paysiaien 12a1¥ Latural)

sexs] ‘peysiaien ¥2a1) TURIENGI],

e ——— T

STHUOMLS NIGIVITE YALVAO0OLd - ©LIV] TARLOMNALS - € 1691

1% =65

422992



33

9961 aunp
(£t 219wl afed 1sw] uo sa3joulooj asg)
v v ¥ v v A\ A\ ¥ v v FANIONIIS J0 SEER[D
H'E 93¢ 0s°¢ 6°€ [+ T S1'y 0% LA [ N % £9°% Yl /8 efeacis Leayyids
[+ 1 281 £ SE°S " {6'g ov°e 62'9 T6°% [T H'9 qau] UNTOA UOTIU3TL
D11 {81 ST'1 {60 91 11 004 w1 w1 el €1 youy MOA JUIUTPIG
siusjwatnby L1rowden
%1 61 e (434 8¢ 0s 99 1 19 e1 “5°3'D (mmyxen) £17oede) Aeml1rds Tedyautad
[ AN 0°01% 0 18t LA T°19¢ 7L 27914 6°L6h 1758t 0° 86k RLF | /9 uworiwneiz IIVIANS 15]IVN HTWIXEH
zan'e 009 191°6 S06°¢ 981°1 LEnt1 LT 9912 oSy oS t8TATD - /9 21wy s%aeyosig
9'g "¢ L6 g8 9°¢ '8 (A4} s'g 88 (A RECH TR | /9 (PA) mo1d 10 L3120724
%°Z1 9¢° 21 'zl £6°21 LT £2°¢1 "Ll "6°T1 66°T1 01°¢1 yaug _ F3ouny macls
00°61 S1°61 0Z°61 0z'¢1 S1° 61 S1°61 01°¢1 00°61 0zT"s1 oz st qauy /L (2noH-9) TTejuled wicls
ydeidoapiH pawogaaag
- - - - - - - - - - 003 /9 uoliwasara 3URFANS I31BN WRATXEH
0 0 4] 0 0 0 0 0 0 0 54D _ /9 =8ley a8awqIsig
0 0 0 0 0 i} 0 0 i} i} L TAEE | /9 {Pa) #o1d Jo L3100719A
6L°5 20°S 20°S 91°¢ [A 31 29°¢ 2676 in'g 0s°¢ 09°¢ gouy _ JJouny wmiolg
[+ 190§ 05 ¢ 0s°¢ 05" ¢ oyt on e [+L 04 [T 0s¢ 05 ¢ aul /S (AnoH-9) 11RFuT®Ey wiols
ydeaBoxpiy Lear1yds Aouafaang
[4:} T4 .12 0R w8 Y] kil i) £e ] 11 u2e337puc) - *ON anin) aBwaany
o'y gt &'t o'y L2 6t 6'¢ n'y [ ] &€ /B AsQ 3o adey] FuIAIg
“Bap rBap "Bap “Bap rBap “Fap “Bap “Bap ~Hap *Han adAy
(112 [+1 0zt 91 [+1:] [+1:] 001 (A4 e [+1 1004 YIPTN molleR
0" 8Z¢ 07 L0% 09t 0 ety 9°L6e STR9L STy 0" 9sh 018t [+ 28 9:1% 2004 uoTjeaal3y asaad
Awn17ds Lousfaawg
ki3 92 9t 44 b14 iz 1t " ot b4 o003 /T weq Jo Braf wnmyxew
0°Ztt LM HL 018t hrEey [T [ARA4 5 °91% 6°L5h 1°68¢ 0° g6t loog wmg 3o dol wyiwasll
000°29 9552y 00L°90T  0O%'69 otL'Ly 000°Z8  009°Z8  OSLfOE1  OES°1s 0092y *PATOD 1114 3o suniop
1419 65 Son £82 (A8 €21 1yl oLt el 149 2y _T¢od asieapociy
69 71 £9 89 ot 9¢ 1€ 9t 1€ (A a1y /T 1004 Jwsmipas
¥21Y 207yINg
612°¢ (44 STy §9%°T 6L one ‘1 Tl 1o7°1 T61°1 79 1LY 18101
yZL't 21t S6L°E ZTH0°T 09 88L £10°1 T11 696 €3z T4 9V WoTIuR3a] 1aaempoo 14
£82 9¢ 18t Z61 {9 L11 i6 [1Al STt Fix T o T100d UCTIT2I30 UT JUMKITPIS
S - 61 - - - - - -, - ‘34 3y 19Ty MOTIE 3saasay JuSMpag
161 8y L61 181 o8 SET 911 91 801 Lid I /T 1004 juswipag
A119ede) afwiclsg
9%°6 %01 /T 06711 12°¢ 631 1tz o't (3949 91°¢ 880 RN waay a¥eurvag
oz 61 : 81 i1 91 : ST : 71 : £1 : Z1 11 Poun @1
WITKIN TELINELS - : M
{payszalwn 13aTd AdTulaly) M
BENR] ‘pogElaleM }#8l) FPURIWINRL ~
panuIIne]d - STANIINYIS ONTQEVIZE RALVMGOOL - Vivi SHALOMIS - € Z18VEL “




9961 ’onr
(€ @1qv]l a¥wd 1981 UC sEIoUJOO] IeE)

! % ¥ v ¥ ¥ v ¥ v v 230330335 Jo sewid
6L°€ 98°¢ 92 ¢ 89°¢ 1 §9°¢ 7 61°2 1€°€ o1z yauy /8 ofmaols Lenyirds
91 ¢ 2L %S T 1 05y {9y £9'y 8’y 6y 06"y youl o) wopInaIad
9€° 1 £9°1 £0°1 69'0 6.°0 £L°0 £t €21 et £8'0 yauy Jwno) JuImypag
nua{wainby £33owde)
9 [41 9¢1 19 ™t 202 i 71 i 6 '§°472 (wmreeR) £310wde) Asariids (edioutagd
T°49E S UL FAE4: 14 S 9Ty L ELE 6" 68 £ 868 0°' 55y 2 11 S fLYy 004 /9 woTIRAITH F0RIING JIlen CrmIXR
$69°¢ AR 080°y 992°2 9t0°‘% £96°5 0oL 758 144 ove‘s 874D _ f9 vy tawgang
6 26 76 16 %6 06 Lt (4] 8 T'6 pEL AT /9 (PA) mo1d Jo AL3jsoran
01" 61 0161 19721 1921 Lot 8101 7901 ST 1t 97" 11 2611 goul _ Fjouny wiolg
o0z 00°22 TARA oL 5t §2°41 €1°¢1 €151 ST 41 ST 41 141 qaul /i (x00RH-9) [TwIUIWL wa03g
ydwaBoipin pawoqealy
z'09¢ 8 i9% - - - - - - - - 0] /9 woTIwAIIY owIans Jaiwp wnaTxwN
L1 9¢1 0 0 0 0 0 0 0 0 "8'3°7 _ /9 #wd a%1wqari0
0°¢ Tt 0 0 0 1] 0 0 0 0 coegftad /9 (7A) mo1d 30 L31%018p
£9°¢L €9°L 18°% 18y Tl 14 M+ [1:08 4 90"y 90y Ty yaul _ FIouny w1035
§2°01 sz°0t 0s°L 05°L §y°L Sy L 0c ovt on°L 0S¢ qouy /S (anoR-g) ITwIUTER wi03lg
ydwaBoapig Lwalridg Louefaaey
6L 6L it it 89 59 99 114 1u° 7] 11 9OTITpUod - ‘o daand sBwaway
0"z [+ 14 0% 6t £t £Z L2 o'y §'c o'e . /9 a0 J0 Icowy) Jumddeg
3 LTy Baa ‘Bap TN “Swp 31Ty ‘Bap “Bap 31 7Y ~39A 4L
114 Sit 09t 96 o0z §9z 11 L1 (11 051t wog qIpTh wolj0q
§ 6SE 0 £9€ 0" 18 oIty 0" 69% §'¢8¢ 0568 0-ZSy S gvy 0" 6zy 3002 VOTIRARTY 921D
Amn117d8 LovaBaauyg
3] 3] 92 (34 t44 9¢ T4 134 1% 9% Jo04 /i ©wa Jo JuB1eR wrapxwy
2 99% § it L58% $'91% L ELE 6" 68C £°86¢ 055y L2 (1 ¥ LY 003 weq 3o dogi woTiwaRll
004901 Q0S'SET  O00S'9ET  OOZ69  QOL‘66  0OL'80C 0OE‘6S  0O0L‘6t  009°ST  00S‘uL ‘pa‘RD 1174 3o Ieniop
801 26 £L1 It SLT 141 Iy o L4 1131 aw _Tocd 3amapeald
£2 174 7 zz 8¢ 09 ot { . 1€ LEb, JT 1994 Jvawppas
1Y IDwIIng
65T°1 §10°1 ize Y [ 0l £89'T BI9°E 1174 L 1% 414 L 1TR T o 1e30]
850°1 (44 $61'1 iLe veT'y 81 L /24 s12 612 191 T i WIINFING IRIWMPIO T
111 {01 A £6 662 00t ey St o 671 ikt A Teod VOTIUIIN] UT JUMRPES
- - - - - - - - - - il oy IeNTH MOTIE BAIINNY JUMGTDIS
06 98 "1 144 291 161 111 k[ ® %01 kT o /T 100d Iwamypes
L31owde 3¥maols
i 61°Z /T 2t'y e 256 izt Tt 060 50°1 65°¢ *IH"bE w21y s8mieag
oc T 6 T Te ¢ gyt T ez gz T wr ¢

£2 : 44 : 12 ioajen =11
FAHAN TALINN IS : :

(poysivIwp JaatE L3tUugal)
) WXIL ‘paynaalmy Newl) wiedwnysl
PINUTIVOD - STANIONUIS ONIMAVIAA ¥ILVMGOOTd - VIV TEAIOMILS - ¢ FTEYL

4-22992 106




35

9961 sunf
(£ 1qwl a8wd 38w] U0 Eajoujooy »ag)
¥ v v ¥ v ¥ v ¥ Y ¥ IINIINIIT IO FVRID
0Z'¢t 0§°€ 02 19'¢ £9° 2 M+ it 922 6L°T 80°¢ LELS /8 95w1038 Awar11ds
85 h 92°% £1°S FA A1 1y iy Lind ] £y Ly £2°¢ gauy N0 ) UGTIUIIAG
16°0 60°1 S0°1 260 80 o 1 7171 101 68°0 901 q2ul N[O JUIATPIS
syvateaTnbs La1owdey
BET 9% 1€ 11 16 9 8L 1% 011 iy i (mixen) Latowde) dwarids Twdpowrad
0" 9%¢ 0Lyt 9" 95€ 0°69¢ Z°88¢t 004t 6°65€ S 61E S"¢zZE g2t J004 /9 usTivAsld Sowping 1ajwy whwpxwy
0s2's 8’1 6E8 L9ty 06L 'Y ige'e 8¢8'c oog’1 ze9%¢ 0£9°1 874D - /9 9wy ¥aeqostg
16 9°g 98 06 6 z°6 1] 8L 8 7'e 1338/ 8 (3A) ao1a 3o L3pd01a4
8L'11 021 10°21 0g°21 18°01 90" 11 12" 11 [ 728 41 00*11 £6°11 qIu] _ FIouny mio3g
0f" ST 0£°451 0E“ 51 0z 51 0E°ST 02751 02*s1 gz 51 0z°41 oz 51 ysu] ff (3noH-9) 11wIuiwy wioag
gdwaBoapiE piwogaaag
- - - - - - - - - - 003 \m UOTIRARTT FOBIING IIIWH WOGTXWH
0 0 0 0 0 0 0 o 0 0 *§d°0 _ /9 9Iwg Wawgaeig
o ] 0 0 0 o 0 0 0 0 NIRRT /9 (2a) mo1d 3o L3ardetap
'y (1AL 9y 06" % z8°¢ Lol LI [l 04 9% gool _ Fjoumy mio3g
I3 M3 054 o 05 L 057 L 054 05L oL 05°L o L gsul /9 (IMOH-9) 1193ulPY WI03S
qdwafoapdyy Ken111ds KouaBiouz
ni 94 94 8L g9 of 1L i ol LT I1 UeTITPUCD - “OH @A10J IBwisay
0% 8¢ o'y oY 6'€ Pl 6t 8¢ o'y 6'€ /5 asn jo asuwyd Jusdiag
“Bap ~Hap “Fap 3 7Y “Faa “Bap ‘Bap *Bap ‘Hap *Baa adAl
061 08 0% ooz 3:14 96 01z 071 ooz 06 3003 GIPTA ©O3304
0 e 0°EHE 0'15¢€ S ot S €RE ST Swe 0°9%¢ 0°91¢ g 61€ S BCE 3004 UOTIRAITF 931D
Awal11ds Aoua¥iswg
€€ 8z £2 8¢ 1€ 9E [49 1t 14 St 3004 /€ weg 3o J4B}aR mwhapxwy
07 9%¢ 0'L%E 9 95E 0 69¢ Z-88t 0°0s¢ 6" 65€ §°61E IR s g Zhe J004 weg jo dol uoTIWARIE
00524 008°%9 0L ‘st 8L 'y 001 ‘08 00€ 0L 00S°¢0T  001'1R 00586 005'99 *PARD 1114 3o sumiop
0i2 H01 w6 €€ £€L1 €1 651 SL £zt 113 210¥ _1o0¢ 123wApoo1d
L4 0z sl 11 (1 4] 1y <1 v oz 210¥ /T 1004 usaipas
. w1y auduh—.-m
9£9°2 088 109 061°¢ 81L°1 965" 1 ge5'1 099 €Ot €88 T - ) 1w30l
£i1'2 (143 »0% B0L T CER*T €021 ez’ 94g it LEL fagtov UGTI09IM 133wAPOO TR
942 06 19 1374 £91 11%4 £61 :] 961 48 *ag v 1004 UOTINIIIG UT Jusmipaeg
- = - - - - - - - - *1d oy daeTy g.ﬁan thﬂnuﬁ uﬂ.ﬂﬁ.—,vﬂm
[4:14 19 4] 661 B11 91 0t1 9y £€1 29 3y /T 1004 uesypes
£312wdw) a¥wao3s
06°8 092 94°1 I8°6 15°9 £0°¢g 2¢'g 1t £6"9 %92 SN bS waxy sfwuiwag
24 : Bt . BE i 15 3 13 H Tt : T3 H [{¥ H Z¢ H 1€ T aten - =31
: YIMHAN FUNLIMALS : :

(paqsiaep taaty Lypwgal)
SWX3l ‘pogalsiva A1) wuwrwngal

«—_323992 11-88

paITINND - 8




36

9961 aunp

‘wep Jo doi 03 3Baad

Awaryids £>uafiawa moa] aBeicilsg

“1-XL

HONYEOHTIN AD0TON QAR - SN THAENT NG
‘WmI015 pawoqaald ‘maanionias

(g) saw]n v aanB1j *sarnjonie
(v) sweid 7 sanB1d uo uaal® sanyea
Bpaadaa 10 uwnba 4 jo anywyp

‘ydezd
-0apéiy Jo IBwsswd Bupanp armpxey

‘T1-XL WIONVIOHIN
ADQTOUTAH - ONTHAANIONT ' smioag
uBeaq Leal11dS ‘saanganiys

(§) e=w1] ¢ aanB1l1 ‘'maanioniis

(¥) 88910 1 2anf14 uo uaal® sanywa
6pa3d¥a Jo srenba 4 jo anymp

“(BS6T "&1 YIAWKH) [Z-50§ unpuea
-oway Bujpisauilug uoyBuiysey
ui sjuawainbaix wnmtuiw pasaxa
$11M3°N138 T1¥ "Fjoun: pafed
3¢ srsAivue [wuoi®a1 uo paswy

“uwp 30 do3 3ary
-233319 a3 03 ITFord auplaaqvan
Y3 30 Julod moT WO} paznsway

THOTIRITWIT I98F-a30® Q7
19 UGTIRIIUINIOY UITpas awel-(g

‘gaany
-on33m BuUTpavial xIIwmpoR(3 aaqao
£q paT1eaIuCD waaw o BATSNIOXT

5

isajo0u300]

Loxxx ¥ ¥ ¥ ¥ ¥ FINIINIIE Jo EIWD
R e £9°2 05t 0Lz 0L'2 qaul /% 8wacag Leayids
B AR o005 s £9'% L% T9'% goaul anies uoTIuaYag]
PoXXX €71 [1A1 g1 1 21 youl SUNTCA IUIMTPIS
H TIUITRATOLY L3powden
LoAXX oy kL4 i ] 149 99 ‘§T4TD (amuixey) Lapowden Leayppds Twdroutag
! XAX [+}8: 4 0 LvE [ 143 LU ELs §TBLE 1004 /9 watiwastm II9FI05 Ie1wM WRATXVH
ToHxX 800°Z 413 ha'e 00L‘1 m1°e ‘4D - /9 93wd allawyosig
ToxAx 9'8 €t 9°g 9°8 £g L TAEY| /3 (*8) we1d 3o dapdorap
§owRx 611 [AANA¢ [4 Y ¢ 11 9E 11 qu1 - 33oum myoag
POXXX 081 [ ¢ [ITAR Y1 0z 41 0Z°S1 gout Ht (anoR-¢) 11wsutwy mioss
: ydwaZoapiy piwogassig
DOXXX - - - - - wod /9 uotawaaly FIWIINS 139N WNOTXRY
IoxXxx 0 0 0 ] 0 R i _ /9 @1wg alawmowig
x%x 0 0 0 0 0 $oag/ad /3 (PA) mo1d 30 fap01es
PoXXX SE*y T8 €y 9Ty 1 qaul - Fyouny miols
TOXXX 08¢ 08¢ 7 4 0% ¢ 09'L qoul /& (anoH-9) 1TRIuiey wioas
: RdwaBoxpil Awayyids Louadiaswg
oo £l i €l T Tt 11 woTaTpo) - ‘oN aair) IBwasay
TOXXX [1}8 ) 9'€ 'y g€ &'E /% SE 3O IduRyd Ivadaad
I OXXX ‘Bap ‘Baa Hap Bap ‘Bap 2d4L
LOXXX 001 08 002 001 09 w04 ¥IPTH mo3304
Poxxa [ 2% [ag 4o § 1L 138 13 % shaLe RE | UOTIeADTA 1431
: Awal11ds Asuafaamy
Poxa 144 1% [ 1Y [4 1€ eed /€ ued Jo qI7aH wrmpxey
PR 0*ece [IRFX /9 L3121 LULLk S'6LE oy meq 3o do] wotawARll
BL68RT'Y  000'68  0OS'T6  OZI*CEl  000'E6  OI1‘89 "PATRD 1174 3o auwniop
(T4 AF ) 69 141 L2 €9 €€ a1y _1e0d ae3wApootd
e 81 o1 14 St [+4 DY /T 100d IuImipRs
: ®1Y Idwjang
T TETLe 606 {048 €9’y 659 €5e’y T Ay w0l
PLBTSS A Be 65T °1 <05 I90°1 Loy UOTINBIA] 13IBAPORTH
T 9gy’e L1t €L 44 [4] sert el B 1904 WO TIUII3] UT Jusmipas
H 1 o - - - - - (¥ I ) 12974 MOTaH BAISSIY JuMTpIS
P egl's o8 (13 161 % 2T BREFIE | /T 1003 juswipas
: Latowdey afeacas
P BLTBT L9 € U081 W €'y ¥ bs wa1y #8wutwaq
v 1wl [CHEE ! tr  : ir T ¢ 3ten = may]
: t NS ENEGETS. : :

(pouEas I SeaTe Kapepar)

SENR), ‘PAEISTIL J0I0: MINESTIGL
FaNUIYa0Y: - STAULINRIS JNIGEYISE YILVADDLS - VIVe TWAINNET - & TV

ez o

-




a7

9961 Jung _
*1:6*1 sado1s apis a¥eiasay [T
*§21NM320135 3uTpiwial 1sjempoc]] Aq PIIICIIuci wale IPNIOUT Jou saIed A
0L8°09 IVEQOL ONVED
BLL 1e303qhs
qLty 091'0 0'8 T1 174 016 9g8'g 00+E9s o0tzeY W8-SA
3:08 091°0 08 %1 010°1 000°1 41°01 aprat) oQ+Ewy W, -SA
S8 091°0 08 41 010°*1 000°1 $1°01 00EYY 00+8%E H9-SA
SLw £90°0 011 143 092°2 0LE*e 9291 00+8ve 09+2LT HS-SA
06°% 9170 $° 01 92 085°2 0£E'Z Lot 09+TLT 00+shT Ky-SA
566 P10 S0l 82 0L9°T 058°2 0L°82 00+syZ 0e+861 HWE-SA
€8¢ FA RG] ¢ ol 8z 0L9°C 065°2 U 1€ 0E+e61 06+1%1 WZ-SA
€g°¢ Z%1'0 S 0l 8T 0£9'2 0L9'2 01"%¢ 06+Th1 OE+1L WI-SA
ST % €Z90'0 011 ) 0:8'2 06 0§°9¢ 0t+1L 00+0 (12210 wuED
-pNgal auliIiajuay)
Y991 Xsuw)
9¢¢ 1e301qng
(O €0 0% T1 062 0%2 9L°T 00+08% 05HOY ¥9-SA
0" 1£'0 Qv z1 062 oz 959 05+H00Y oG+IEE vG-Sa
[ (b 1£°0 0% 1 067 0Lt 968 O5+1EE 00+%52Z ¥7-SA
n0'Y 1o 9°9 91 069 049 66'91 00+%52Z 00+961 VE-SA
70" % L1'0 9'9 91 069 o1 69°02 Q0+ 6T 00+€zZ1 ¥Z-SA
ety L170 'L 91 0z8 018 6L°9T QO+€Z1 000 ’ Y1-SA
W21 umbDiag
9L 6S 1el03gns
9Ly 890°0 0°Z1 Hg 011*% 0Z1'Y £1°96 00+8£0"'1 00+166 6-SA
TR 890°'0 0771 9¢ 0szT ‘Y 04Ty LE66 00+166 06+£06 8- m
8Ly 85070 021 95 oSy T S5 01 05+£06 05+864 i-
6L'% 89070 0°Z1 8% OLE'Y oLE'y 92°T11 05+861 05+H69 9- mp
z8'y 890°'0 0Tl 09 0Ls'Y 01s ‘Y 98" 611 05+H69 00+609 c-5A
€6y 8900 0zl e ovr ‘g 06E°S JVANA A 00+609 Q6+H9ES #-5SA
6" 89070 0°Z1 9¢ 0L6°s oLn's £regT GSH+9ES 05+9try £-Sa
S6° % 890°0 (104 8L 00L'S 0v9°¢ 0Z° 691 0G+9%% 05+10% T-8A
86" % 890°0 0zl 08 098°¢ (1] 3304 7LTSLT GE+10% QO+SEE 1-Sa
€'t $£0°0 0°' 11 §€ 0561 006°1 ST 181 0O+SEE 00+) (308[cagd urag)
ualg LITl
(spA no poor)  (©99s/°33) (39d) (13) ("33) (*8'3'9) (‘s 3'3) (-1ebs) (37 001) (*37 ool)
uc1leAawdxd PoTauueyd I ApEId ;7 yidag: iz 1IPIM A31oede]d ! A1Toeds) i, w91y i UoTIEIS ¢ uoliels 1 uoTIBUI 1530
jo : ut : 9%waaay : 98wasAy : molj0g 1 1RuUUBY) @ IIukey) ! pays : 12uUuLy
sunicp : £3700794 ¢ : : 9BeasAY :  pouuwp|g : poajnbed : -ze3sm : U°PS¥ 103 Buniaquin P
i afpioay : : : : : . ucTIeIS . i

{(paysiajemM IaaTd 43Tutal)
SEPX?] "paIYII3zITM ¥IPID BUBIBNYAL
INDEACEAN]T TaNNVHD WVIU1S - VLVQ FUNLONALIS - Ve 319Vl

422992




TABLE 4 - ANNUAL COST

Tehuacana Creek Watershed, Texas
{(Trinity River Watershed)

(Dollars)

:Amortization: Operation

of : and
:Installation: Maintenance :
Evaluation Unit : cost 1/ : cost 2/ Total
45 floodwater retarding structures
and 40 miles of stream channel
improvement 158,080 14,360 172,440
TOTAL 158,080 14,360 172,440

at 3 1/8 percent.
2/ Long-term prices as projected by ARS, September 1957.

4-22992 V1-66

June 1966

1/ 1Installation costs based on 1965 prices and amortized for 100 years



TABLE 5 -~ ESTIMATED AVERAGE ANNUAL FLOOD DAMAGE REDUCT1ON BENEFITS

Tehuacana Creek Watershed, Texas
(Trinity River Watershed)

(Dollars) 1/

:Estimated Average Annual Damage: Damage
Without : With : Reduction
1ltem : Project : Project : Benefits
Floodwater
Crop and Pasture 70,555 17,611 52,944
Other Agricultural 27,866 7,380 20, 486
Nonagricultural (Road
and Bridge) 21,537 5,601 15,936
Subtotal 119,958 30,592 B9, 366
Sediment
Overbank Deposition 16,273 5,819 10, 454
Erosion
Flood Plain Scour 2,225 651 1,574
lndirect 13,845 3,706 10,139
TOTAL 152,301 40, 768 111,533
r—— .~

1/ Price base: Long-term prices as projected by ARS, September 1957.

June 1966
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TABLE 7 - CONSTRUCTION UNITS

Tehuacana Creek Watershed, Texas

(Trinity River Watershed)

(Dollars)
Unit : Meagures in Annual Annual
No. : Construction Unit . Benefit 1/: Cost 2/
1 Floodwater Retarding Structures Nos. 41,
42, 43, 44, and 45 and Brown Creek Stream
Chaunel Improvement 19,535 19, 200
2 Floodwater Retarding Structure No. 40 4,373 2,780
3 Floodwater Retarding Structures Nos. 36,
37, 38, and 39 12,266 9,390
4 Floodwater Retarding Structure No. 17 6,692 2,650
5 TFloodwater Retarding Structures Nos. 1
through 10 66,641 30,510
6 Floodwater Retarding Structures Nos. 11
through 16, 18 and 19 plus Unit 3 90,771 51,800
7 Floodwater Retarding Structures Nos. 21
through 30 and Caney Creek Stream Chanuel
Improvement 39,996 39,070
8 Floodwater Retarding Structures Nos. 20,
31 through 35, Main Stem Stream Channel
210,297 153,240

Improvement and Units 2, 3, 4, 6, and 7

1/ Price basge:

A-22002 11-608

June 1966

1 Loug-term prices as projected by ARS, September 1957.
2/ 1ustallation costs based on 1965 prices and amortized for 100 years
at 3 1/8 percent.
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INVESTIGATIONS AND ANALYSES

The following investigations and analyses were used in the preparation of
this work plan:

Land Use and Treatment

The status of land treatment measures for the watershed was developed by
the soil aud water conservation districts with assistance from Soil Conser-
vation Service work unit personnel at Fairfield and Wortham, Texas.

At a meeting held in Corsicana, Texas, the measures for land treatment re-
quired to establish a sound soil, water, and plant conservation program
for the watershed were determined.

Trends in farming operations, expected changes in land use, soil condi-
tion, land tenure, and other pertinent data were used. From these data,
land treatment measures expected to be applied during the 10-year instal-
lation period were selected. Past rates of application were examined, and
the need for funds to be used for accelerated technical assistance was

estimated.

Land treatment practices that have been applied on farms under conserva-
tion plans obtained from accomplishment records maintained by the Soil
Conservation Service, were expanded to represent those applied to date

within the watershed.

Based on conservation needs, an estimate was made of the measures to be
applied in the 10-year installation period. The acres to be treated and
cost of treatment measures are shown in table 1.

Table 1A reflects the cost of land treatment measures applied prior to
development of the work plan.

Engineering

The procedures used to determine the most feasible plan of structural
measures to meet the objectives of the sponsoring local organizations that
could not be accomplished by land treatment measures alone were as follows:

1. A base map of the watershed was prepared showing watershed
boundary, drainage pattern, systems of roads and railroads,
utilities, and other pertinent information.

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

3. Stereoscopic photo and topographic map studies and field
examinations indicated 56 possible floodwater retarding
structure site locations. These investigations alsc indi-
cated a need for channel enlargement on the main stem and
on Caney and Brown Creeks.

4-22992 11 -68



4. A system of 51 floodwater retarding structures and -40 miles
of channel improvement was recommended to the sponsors for
further consideration and detailed survey. The land owner-
ship and property lines involved in the floodwater retarding
structures and the improved channel reaches were provided by
the sponsors prior to the start of engineering surveys,

5. Surveys - Engineering surveys were started after agreement
was reached with the sponsoring local organizations on the
locations of channels and floodwater retarding structure

sites to be studied.

a.

4-22962 tt 68

Horizontal control - The scale of aerial photographs
was checked during the mapping of the topography of
the reservoir sites. The 4-inch photographs used to
determine drainage areas were checked against the
reservoir photographs.

Vertical control - Existing U. S. Coast and Geodetic
Survey and U. §. Geological Survey beuch marks were
supplemented by a system of temporary bench marks set
at strategic locations for use in making structural

surveys.

Floodwater retarding structures - Tentative capacity
tables were developed for the reservoir sites from
USGS quadrangle sheets. These were used as a guide

to determine the extent of surveys needed. A topo-
graphic map with a contour interval of four feet and

a scale of eight inches equals one mile was prepared
for each reservoir area. Profiles were made of roads,
pipelines, and utilities. After preliminary reservoir
plans were reviewed and accepted by the local sponsors,
detailed topographic maps with a contour interval of

‘two feet and a scale of one inch equals 100 feet were

made of the emergency spillwav areas. Contour lines
at the elevation of the top of the riser, the 200
acre-foot pool where appropriate, the emergency spill-
way crest, and two feet above the emergency spillway
crest were located on the ground and plotted on the
eight inch photographs. These surveys provided the
data necessary to determine if required sediment and
floodwater detention storage capacities could be ob-
tained, determine economical design for each struc-
ture, estimate the installation cost and to make pre-
liminary land rights maps.

Channel improvement - Channel improvement surveys
were made in accordance with procedures outlined im
Texas Watersheds Memorandum TX-1. Surveys consisted
of 40 miles of profiles and cross sections of the
existing channel. A base line was surveyed in areas




where the existing channel could not be accurately
delineated on the eight inch photographs. Profile
and cross sections were made on side inlets with
large drainage areas which discharge into the main
channel. All side inlets were located on the eight
inch photographs.

6. Designs - D2signs of structural measures were initiated as
survey data for individual or related groups of structures
were completed,

4. Floodwater retarding structures - Criteria outlined
in Engineering Memorandum SCS$-27 (March 14, 1958) and
Texas State Manual Supplement 2441 were used to deter-
mine the sediment and detention storage requirements,
structure classification, and principal and emergency
spillway design. As the topography was determined for
each floodwater retarding structure site, storage tables
and curves were developed, using one or more centerline
of embankment locations. From these alternate locations,
the least costly embankment and emergency spillway com-
binations were determined. Preliminary layouts of pools,
centerlines of dams, and emergency spillways were pre-
pared and reviewed on the ground with the sponsors.
These preliminary layouts showed the approximate sur-
face area of the dam, emergency spillway, and the sedi-
ment and detention pools affecting each landowner,
After any adjustments found desirable and feasible were
made, the final pool elevations were determined, release
rates for the principal spillways were established, and
the emergency spillways designed.

The elevations of the sediment and detention pools were
determined from the storage curves. The top of the
riser was set, using the expected 50-year sediment
accumulation. Where the 50-year sediment accumulation
exceeded 200 acre-feet, a lower pool was set at the 200
acre-feet volume. Storage of water is limited by State
law to 200 acre-feet unless a special use permit is ob-
tained. The required detention capacity was added to
the 100-year sediment storage capacity to locate the
emergency spillway. Detention volumes exceed the mini-
mum criteria set forth in Engineering Memorandum SCS-27
(March 14, 1958). All structures located in the Texas
Claypan Area Land Resource Area will require foundation
drainage.

Capacity was planned in all class (a) sites to equal
or exceed the expected runoff from the 25-year storm
event and in all class (b) sites to equal or exceed
the expected runoff from the 50-year storm event as
determined from a regional analysis of stream gage

records.
4-22992 11..66



Appropriate emergency spiliway design and freeboard
storms were selected from figures 1 and 2 for class
(a) structures and figures 3 and 4 for class (b)
structures, Englneering-Hydrology Memorandum TX-1.

Spillway design and freeboard inflow hydrographs
were developed by the distribution graph method.

The inflow hydrographs were graphically routed
through the reservoirs by the Goodrich flood-routing
method described on page 5.8-12, section 5, of the
National Engineering Handbook to determine the effec-
tive top of the dam. A digital computer was used to
check the routing of inflow hydrographs through the
reservoirs. Various combinations of spillway widths
and depths were computed to determine the most eco-
nomical structure.

Channel improvement - The design of the improved
channel was checked using the procedures outlined

in Technical Release No. 25, Planning and Design of
Open Channels, issued by the Washington Engineering
Division. Results of this study indicated that the
improved channels would be stable, except in a few
reaches where some aggradation or degradation is ex-
pected to occur. These conditions were not considered
serious enough to warrant grade stabilization struc-
tures. - It was estimated that four standard pipe drops
or chutes per mile will be needed to stabilize the out-
lets of small local drains. The exact location of each
will be determined by the project engineer. Tables

3 and 3A were prepared to show pertinent design data
for each structural measure.

7. Cost Estimates - Construction costs were based on unit prices
being used at similar sites, Service experience, and values
furnished by local organizations and companies.

4-22992 11-8&6

Floodwater retarding structures - Estimates of cost
of fill volumes, cut-off trench excavation, founda-
tion drainage systems, principal spillways, clearing
of dam site, spillway and sediment pools, and vege-
tation of dam and spillways was based on unit prices
being expended at similar sites. Cost of land, ease-
ments, and rights-of-way was estimated by representa-
tives of the local sponsors and concurred in by the
Soil Conservation Service. A general plan of the
reservoir and a profile showing the pool lines was
prepared for each road, utility, and pipeline that
was affected by structural measures. The éstimated
cost for relocating or modifying these improvements
was furnished by the parties concerned.




b. Channel improvement - Cost estimates for excavation,
clearing of right-of-way, and for pipe drops and
chutes were based on unit prices being expended for
works of improvement in similar situations. Cost of
land, ecasements, and rights-of-way was estimated by
the sponsors.

c. Other costs - The estimated cost of engineering
services, administration, legal fees, and operation
and maintenance was based on Service experience.

Table 2 shows appropriate cost information for each
structure and groups of structures.

Hydrologic and Hydraulic

The following steps were taken as part of the hydrologic and hydraulic in-
vestigations:

1.

Basic meteorologic and hydrologic data were tabulated from
Climatological Bulletins, U. 5. Weather Bureau, U. S. Geologic
Survey Water Supply Papers, and local records. These data

were analyzed to determine average precipitation depth-duration
relationships, seasonal distribution of precipitation, frequency
of occurrence of meteorological events, historical flood series,
rainfall-runoff-peak discharge relationships, and the relation-
ship of geology, soils, and climate-to-runoff depth for single

storm events.

Engineering surveys were made of valley cross sections, high
water marks, bridges, and other data pertinent to determining
flood and sediment damages. The cross sections were selected
to represent the stream hydraulics and flood plain area. Eval-
uation reaches were delineated in a joint study with the econo-

mist and geologist.

Partial valley cross sections for planning stream channel im-
provement were surveyed at approximately 1,000-foot intervals
on the main stem and on Caney and Brown Creek tributaries in

the reaches where channel improvement was studied and planned.

The before-project hydrologic conditions of the watershed were
determined by a study and analysis of existing cover conditions,
crop distribution, land treatment, and hydrologic soil groups.
The future hydrologic condition was determined after giving
consideration to changes in land use and to treatment that could
be expected from an accelerated land treatment program during
the installation period. Runoff curve numbers were computed
from the soil-cover canplex data and used with figure 3.10-1,
National Engineering Handbook, Section 4, Supplement A, to
determine the depth of runoff from individual storms ia the
historical storm series.

4.22992 1t-66



10.

11.

Cross section rating curves were computed, from field survey
data by the use of Manning’s formula.

Runoff-peak discharge relationships were determined by flood
routing four volumes of runoff in accordance with procedures
set forth in Technical Release No. 20, Computer Program for
Project Formulation, Hydrology (Central Technical Unit, Soil
Conservation Service).

Stage-area inundated curves were developed from field survey
data for each portion of the valley represented by a cross
section. Stage runoff-area inundated curves were developed
for each evaluation reach for existing watershed conditions.
Similar curves were developed to show the effect of the
system of floodwater retarding structures and the additional
benefits of an improved channel in selected reaches.

The rainfall records from the Mexia, Texas gage were studied
for the period 1915 through 1962. From a tabulation of cumu-
lative departure from normal precipitation, the 20-year period
1941 through 1960 was determined to be representative of normal
precipitation on the watershed. The historical evaluation
series was developed from that period, with individual events
limited to a maximum period of two days.

Determinations were made of the area that would have been in-
undated by each storm of the evaluation series under each of
the following conditions:

a. The without-project conditions.

b. The installation of land treatwent measures for water-
shed protection,

c. The installation of land treatment measures and flood-
water retarding structures.

d. The installation of land treatment measures, floodwater
retarding structures, and stream channel improvement.

The historical evaluation series was studied to determine the
number of storms that would cause flooding at the smallest

cross section.

The runoff from the largest storm in the historical evalua-
tion flood series was routed to determine the maximum flood
plain area used in the computations of damages and benefits.

Proportioning of stream channel improvement was based on
stability, bedload, and tractive force considerations. The
planned channel is designed to carry the release rates from
floodwater retarding structures plus 1.0-inch of runoff from
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the uncontrolled portion on the main stem of Tehuacana Creek
and Caney Creek tributary, and 0.5-inch depth of runoff from
the uncontrolled portion of Brown Creek tributary. The aver-
age cross section of the improved channel will carry the run-
off from 69 of the 102 storms plus release flows from flood-
water retarding structures without causing damage.

12. Reservoir operation studies were completed for four proposed
multiple-purpose structures. These gites could be used to
supply municipal water for the towns of Wortham and Streetman,
Texas. Municipal water supply storage was not provided for

" in any of the sites included in the work plan.

Sedimentation

Sedimentation investigations were made in accordance with procedures out-
lined in Technical Release No. 12, "Procedures for Computing Sediment Re-
quirements for Retarding Reaervoirs," September 1959, U. §. Department of
Agricul ture, Soil Conservation Service, and "Guide to Sedimentation In-
vestigations - South Regional Technical Service Area," March 1965, U. S.
Department of Agriculture, Soil Conservation Service, Fort Worth, Texas.

Sediment Source Studies

Sediment source studies were made in the drainage areas of the 45 planned
floodwater retarding structures to determine the 100-year sediment storage
requirements. Detailed investigations were made in the drainage areas
above 17 of the planned floodwater retarding structures and semidetailed
studies were made for the remaining 28. Sediment source studies were also
made in the drainage areas of 6 sites not included in the work plan. The
following is a tabulation of the investigations and procedures used in

determining sediment rates:

1. Detailed field surveys to determine soil loss by sheet erosion
included: mapping of land use, cover conditions, land treat-
ment, and slope lengths., Gully and streambank channel inves-
tigations included mapping lengths, depths, and estimated
annual lateral erosion. Representative soil samples were ob-
tained for volume weight determinations and mechanical analyses.

2. Utilization of soils and slope data from soil survey photo-
graphs.

3. Annual goil loss was computed in tons by sédiment sources
(sheet, gully, and streambank erosion). The Musgrave soil
equation was used in sheet erosion calculations.

4. Semidetailed field surveya to determine soil loss rates con-
sisted of mapping land use and studying soils, topography,
and erosion. Computations were based on erosion rates deter-
mined by detailed studies of similar areas.

4-22992 11-6¢




Erosion rates were adjusted to reflect the effect of planned
land treatment.

Sediment storage requirements for all structures were deter-
mined by adjusting annual soil loss for expected delivery
ratios and trap efficiency.

Allowance for density differences between soil in place and
sediment were made for the required sediment storage volumes.
These densities were based on volume weights ranging from 86
to 93 pounds per cubic foot (soil in place) and 52 to 75
pounds per cubic foot (sediment).

Allocations of sediment in structures were based on the

following:

Blackland Prairie Land Resource Area

Pzriod of
Deposition

First 50 Years

Second 50 Years

Structure Condition of
Poel Sediment
Sediment Submerged
Dztention Aerated
Detention Aerated

Texas Claypan Area Land Resource Area

Period of
Deposition

First 50 Years

Second 50 Years

Structure Condition of
Pool Sediment
Sediment Submerged
Detention Aerated
Detention Aerated

Flood Plain Sediment, Scour, and Swamping Damages

Allocation

gPercent!

85
15

100

Allocation

(Percent)

70
30

100

The following investigations were made to determine the physical damages
to the flood plain:

1.

4-22992 11-66

Examinations were made along the valley c¢ross sections
(figure 4), making note of the depth and texture of de-
posits, soil conditions, scour channels, swamping, stream
channel aggradation or degradation, and other pertinent
factors contributing to flood plain damage.

Estimates of past physical flood plain damage were obtained

through interviews with landowners and operators.

Tables were developed to show percent damage by texture and
depth increments for sediment and by depth and width for



scour. Percent of damage assigned to swamping caused by over-
bank deposition was estimated by comparing crop and pasture
production on damaged and undamaged land.

4. The areas of sediment, swamping, and scour damages were meas-
ured and tabulated by percent damage categories.

5. The damage to the productive capacity of the flood plain was
assessed by percent for each type damage.

6. Damages were summarized by evaluation reaches. Estimates of
recoverability of productive capacities were developed from
field studies and interviews with farmers.

7. Using the average annual erosion rates as a basis, sediment
yields to the flood plain were estimated by sediment sources
for present conditions, with land treatment measures installed,
and with land treatment and structural measures installed.

Reductions in sediment yields were adjusted to reflect the relative impor-
tance of each sediment source as a contributor of damage. The reduction
of monetary damage from overbank deposition and swamping was based on re-
duction in sediment yield and reduction of area inundated. The reduction
of scour damage is based on reductions in depth and area inundated.

Channel Stability

Channel stability investigations were made on Tehuacana, Brown and Caney
Creeks. Field investigations included 41 borings along the proposed
stream channel improvement on Tehuacana Creek and 23 borings each on Big
Brown and Caney Creeks. Forty-nine representative soil samples were
selected for laboratory testing. These tests included mechanical analyses,
Atterberg limits, soluble salts, and percent of dispersion.

Soils encountered on Tehuacana and Caney Creeks were dominantly cohesive
sandy and silty clays (CL, CH). Occasional deposits of silty sand (SM)
are present at grade, On Big Brown Creek, cohesive materials are sub-
ordinate to the silty sands throughout much of its extent. The plasticity
index of the clays ranged from 11 to 37, with the higher plasticity clays
usually occurring in the Tehluacana Creek flood plain. The d50 size of the
noncohesive materjals averages about 0.15 millimeter.

The Schoklitsch bedload equation was used to determine the relationship
between incoming bedload and the transport capacity of the planned
channels. These studies indicate generally that uniform aggradation of a
relatively low degree can be expected throughout the extent of the planned
channel improvement on Caney and Big Brown Creeks. The estimated annual
accumulations of these deposits are 4.0 and 3.0 acre-feet respectively.

Sediment source and bedload analyses on Tehuacana Creek proper indicate
that the transport capacity of the planned channel will be more than ade-
quate to carry incoming sediment under project conditions. Tractive force
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and allowable velocity methods were then applied to check the ability of
the soil materials to resist the forces exerted by channel flow. Studies
reveal that the channel will be located primarily on cohesive materials
that have allowable tractive force values from 0.30 to 0.80 pound per
square foot. Actual tractive forces of the design channel are equal to or
less than allowable values for the cohesive material in practically all
instances. Design velocities range from 3.5 to 5.0 feet per second.

These design velocities, with few exceptions, are less than the allowable

velocities (5.0 to 6.0 feet per second).

Tractive force and allowable velocity analyses indicate that the proposed
channel on Tehuacana Creek will be stable in cohesive materials under de-
sign conditions. Where occasional deposits of noncohesive materials are
exposed at grade, minor bank erosion and channel entrenchment can be ex-

pected.

Low to moderately dispersed solls occur within the channel improvement
areas. This dispersion is not critical and special stabilizing measures

are not necessary.

High water tables occur at or just above design grade under most of the
flood plain on Caney and Brown Creeks, This condition is not expected to
adversely affect the stability of channel banks or present special con-

struction problems.

Geologic

Preliminary geologic investigations were made at each of the proposed
structure sites. These included studies of valley slopes, alluvium,
channel banks, and exposed geologic formations. A portable power auger
was used to obtain preliminary information on water tables, nature and
extent of embankment materials, foundation conditions, and type of mate-

rial in the emergency spillways.

Sites on the Wills Point Formation

Sites 1 and 3 through 16 are planned within the outcrop of the Wills Point
formation. The Wills Point is characterized by glauconitic sandstones,
siltstones, and fossiliferous, concretionary claystones. Some faulting
known as the Mexia-Wortham fault zone exist in this area; however, none of
the proposed dam sites will be endangered by its presence.

Soils overlying the geologic strata are classified as CL and CH. Abundant
quantities of embankment materials are available within the sediment pool
areas. Some of the soils are slightly dispersed. Seepage should not be

a problem because of the dominance of relatively impervious materials

present at the sites.

Materials in the emergency spillway areas are primarily silty clays under-
lain by claystones and poorly cemented sandstones and siltstones. Some of
these areas contain large, boulder-like concretions three or four feet in
diameter., However, these occurrences are minor in extent and all emergency
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spillway excavation is classified as common and is suitable embankment
material.

Sites on the Wilcox Group

Sites 18 through 45 are located on the Wilcox group of lower Eocene age.
Site 2 also is in the Wilcox group as a result of past faulting. It is
completely surrounded by the older Wills Point formation because this area

is a downthrown block (graben).

This group consists of soft sandstones, sandy clays, lignite beds, and
compact, noncalcareous claystones. Massive sandstone concretions, one to
three feet thick and several feet long, are cammon.

Foundation and borrow materials are primarily sandy clays (CL), clayey
sands (SC), and silty sands (SM). Water table depths below the flood

plain range from 6 to 14 feet with fluctuations due to seasonal wet and
dry periods. High water tables and permeable foundation materials will
necessitate foundation drainage measures at most site locations. Ample
borrow of adequate quality is present above the water tables within the
sediment pool areas. Lignitic materials encountered should be excluded

from the embankment.

Materials in the emergency spillway areas are primarily silty sands,
clayey sands, and sandy clays underlain by soft sandstones and claystones.
These materials are highly erodible, and emergency spillway cuts will be
vegetated as soon as possible after construction.

The design discharge of a number of principal spillways are quite high and
will empty into erodible soils. Plunge basins are recommended to dissipate
the energies of the pipe flow, thus protecting the embankments and the out-

lets of the principal spillways.

Further Investigations

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

and foundation materials.

Economic

Basic methods used in the economic investigations and analyses are out-
lined in the "Economics Guide for Watershed Protection and Flood Preven-
tion," U. S§. Department of Agriculture, Soil Conservation Service, March

1964,

Determination of Annual Benefits from Reduction in Damages

Agricultural damage schedules were obtained by interviewing landowners and
operators of approximately 40 percent of the flood plain. These schedules
covered past, present, and future land use, crop distribution under normal
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conditions, crop yields, other agricultural losses, and depth of flooding.
Supplemental data on normal crop yields were obtained from agricul tural
workers in the area. The present land use on all of the flood plain was

obtained by field mapping.

Analyses of this information formed the basis for determining the damage-
able value and damage rates for various depths and seasons of flooding.
The proper rates of damage were applied to the floods in the historical
series, covering the period 1941-1960, inclusive. An adjustment was made
to take into account the effect of recurrent flooding when several floods

occurred within one year.

Field studies indicated that land use, yields, frequency of flooding, and
anticipated future use warranted the division of this watershed into geven
reaches. Consequently, a different damageable value was used for each
reach. Estimates of damage to other agricultural property such as fences,
livestock, on-farm roads, and farm equipment were made from the analysis
of information contained in the flood damage schedules, The monetary
value of the physical damage to the flood plain land from erosion and
sediment was based on the value of the production lost. The estimate took
into account the lag in recovery of productivity and the cost of farm
operations to speed recovery. Damage from flood plain scour was related
to depth of flooding and velocity, giving greater weight to deeper flows.

Indirect damages involve such items as additional travel time for farmers,
rerouting of general traffic, school buses and mall deliveries, and costs
of extra feed for livestock during and after floods, Based on information
and data obtained from watersheds previously analyzed, it was determined
that Iindirect damages approximate 10 percent of the direct damages,

Owners and operators were asked what changes they would make in their

flood plain larnd use or cropping systems if flood protection were provided,
They indicated that a shift would be made from woodland pasture to open
pasture. Consequently, it is not expected that acreages of crops subject
to acreage allotments will be increased as a result of the project. Bene-
fits from more intensive land use in protected areas have been egstimated.

&
Benefits have not been claimed outside the project area on the main stem
of the Trinity River,

Evaluation of inciderntal recreation benefits was based on an economic
analysis of existing structures and from past experience. This analysis
indicated that the project will have an average of 58,500 visitor-days
annually and net benefits of $0.80 per visitor-day, after allowances of
$0.10 for assoclated costs. It was estimated that the capacity of the
sediment pools would remaln adequate for recreational purposes for 40
years and decline to zero at the end of 50 years. The incidental recre-
ational benefits were discounted to allow for this depletion in capacity.

Redevelopment benefits which would accrue during project installation and
from operation and maintenance were calculated by applying prevailing wage
rates to the amount of local labor by classes and types that will be used
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by contractors. This estimate was converted to an average annual equiva-
lent value by the application of appropriate amortization factors. The
estimate of the amount of local labor which will be used was based on an
analysis of recent contracts. Freestone County has been designated as
eligible for assistance under Sections 5(a) and 5(b) of the Area Re-
development Act, May 1, 1961 {(Public Law 87-27).

The value of local secondary benefits stemming from the project was con-
sidered to be equal to 10 percent of the direct primary bemefits. This
excludes all indirect benefits. The value of local secondary benefits
induced by the project was considered to be equal to L0 percent of the
increased costs that primary producers will incur in connection with in-
creased production.

The values of easements were determined through local appraisal, giving
full consideration to current real estate market values. An estimate was
made of the value of production lost in the pool areas after installation
of the program. In this appraisal it was considered that the sediment
pools would yield no production. The land covered by the detention pools
would be used as pasture after installation of the structures. The average
annual loss in production within the floodwater retarding structures plus
secondary costs therefrom were compared with the amortized value of ease-
ments. The easement value was found to be.-greater and therefore was used
in economic justification to assure a conservative benefit-cost analysis.

Fish and Wildlife

Tehuacana Creek and its major tributaries provide freshwater fish habitat
of poor quality. Only the downstream segments of the streams, because of
their intermittent nature, have enocugh water to provide fish habitat.

The creeks flow through private lands and access to them is difficult to
obtain. The 1,183 privately owned farm ponds provide fish habitat of poor

to good quality.

The principal species of fish present in the streamg include channel cat-
fish, white bass, carp, and buffalo. Largemouth bass and bluegill are the
principal speciles in the farm ponds. A mederate amount of fishing occurs
on downstream segments of the tributary streams and on Tehuacana Creek at
and near its junction with the Trinity River. The watershed farm ponds
provide considerable amounts of sport fishing. With the exception of con-
structing additional farm ponds, the quality and quantity of freshwater
fishing is not expected to change significantly in the future,

Commercial fishing is of little significance without the project and would
not be expected to increase materially in the future.

With the project, the floodwater retarding reservoirs and new farm ponds
would provide moderate to heavy fishing. The project also would result in
improved water quality as a consequence of reduced silt loads and pro-
longed streamflows following heavy rains. There would be no significant
amount of commercial fishing with the project.

d-22992 1186



Wildlife species in the watershed include white-tailed deer, wild turkey,
mourning dove, bobwhite, fox squirrel, gray squirrel, cottontail, swamp
rabbit, jackrabbit, wood duck, mallard, teal, coot, woodcock, snipe,
raccoon, opossum, skunk, mink, muskrat, beaver, gray fox, red fox, bobcat,
coyote, red wolf, and ring-tailed cat.

Habitat is good to excellent for most species of wildlife in the water-
shed. The most abundant species are white-tailed deer, mourning dove,
bobwhite, fox squirrel, wood duck, mallard, blue-winged teal, and most of

the fur animals.

Lands in the watershed are privately owned and hunting is done with per-
mission of the landowner or by payment of lease or daily user fees. There
is a large amount of hunting for white-tailed deer on a lease basis and
income from deer hunting is important to the economy of the watershed.

Large populations of mourning doves usually inhabit the watershed in the
fall and provide excellent hunting. Bobwhite hunting in the Tehuacana
Watershed is considered among the best in Texas. Squirrels provide mod-
erately good hunting in the floodplain and on the uplands. Rabbits also
provide moderately good hunting.

Waterfowl use is restricted to the flooded bottomlands, farm ponds, and a
few private lakes and there is only a moderate amount of waterfowl hunting

in the watershed.

Trapping of fur animals for theilr pelts 1s lnsignificant. There is a con-
siderable amount of hunting raccoons with dogs for sport in the watershed.

The wildlife habitat conditions described above are not expected to change
significantly in the future. Huntable populations of wild turkey are
anticipated. Additionally, it is expected that increased hunting for
mourning doves, bobwhites, and fur animals would occur with the project.

The land clearing and brush control measures proposed would be harmful to
white-tailed deer and tree-dependent upland game in that portion of the
watershed within the Texas Blackland Prairie Land Resource Area, Wildlife
cover already 1s scarce in this area and any further loss of cover-type
habitat would affect wildlife adversely. A moderate amount of clearing in
the Texas Claypan Land Resource Area, which is extensively wooded, would
not impair big-game and upland-game habitat to a significant degree,
Clearing in the more densely forested uplands of the watershed could bene-
fit wildlife by providing more edge effect and more diversified habitat.

The proposed stream channel improvement and construction of the fiocodwater
retarding structures would destroy mature mast-bearing floodplain timber
that provides important food and cover for big game and several specles of
upland game.

The increased acreages of winter cover crops, grasslands, and grassland
improvement proposed with the project would not favor mourning dove and
bobwhite populations but would improve habitat for rabbits.
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Construction of farm ponds and floodwater retarding reserveoirs would pro-
vide widely distributed resting and feeding habitat for migrating water-
fowl, This would result in increased opportunities for waterfowl hunting.
Fur-animal populations and trapping would not be affected significantly,

The Texas Parks and Wildlife Department could be of valuable assistance to
the project sponsors and landowners in the development of fish and wild-
life in the watershed. To obtain such assistance, the Department must
know far encugh in advance the status of the various phases of project
development so that a work schedule can be arranged to provide assistance
at the proper time. Preimpoundment investigations sometimes are advisable
to determine if undesirable fish populations are present in the watershed.
If eradication of undesirable fish is to be undertaken, it is easier, more
effective, and less expensive to carry out prior to inundation of the
reservoirs when there is only a small amount of water. The Texas Depart-
ment could arrange to stock the new impoundments with the proper species

and number of fiah.

To reduce the loss of wildlife habitat, clearing for floodwater retarding
reservoirs and farm ponds should be restricted to the areas below the
sediment or permanent pool elevation and the stream channel improvement
should be confined within the stream courses as much as possible. Brush
control and land clearing in the more demsely forested portions of the
watershed could prove to be beneficial to wildlife if it results in alter-
nate timber or brush strips and clear areas.

Where practicable, the detention pools should be fenced. Exclusion of
livestock from the detention pools would preclude fouling or muddying of
the water, trampling of the dams and vegetation, and permit the growth of
native food and cover plants of value to wildlife, Water requirements for
livestock could be met by piping water to tanks below the dams outside the
fenced enclosures or by providing fenced access lanes to the pools.

The floodwater retarding reservoirs and farm ponds should be developed and
managed to provide maximum fish and wildlife benefits. When each struc-
ture is completed and before water is impounded, all barren land and
borrow areas in the reservoir basins should be planted with a cover crop
which would improve fish habitat by increasing the initial fertility of
the reservoirs and by reducing erosion and turbidity. Grass should be
established on lands adjacent to the pools and on dams and spillways to
prevent erosiomn.

It is recomnended:

1. That the project sponsors and the Scil Conservation Service
keep the Texas Parks and Wildlife Department advised as to
the progress of the project, particularly when reservoir
congtruction begins, to permit that agency to investigate
the need for eradication of undesirable fish species.
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2. That the floodwater reservoirs and farm ponds be stocked only
with the species and numbers of fish recommended by the Texas

Parks and Wildlife Department.

3. That timber and brush clearing for floodwater retarding struc-
tures and farm ponds be restricted to the areas below the
sediment or permanent pool elevation.

4. That channel improvements be confined to stream courses so
that losses of wildlife cover along streams will be held to

a minimum.

5. That, where practicable, timber and brush clearing be done so
as to provide alternate strips of timber or brush with cleared

areas.

6. That flocdwater retarding structures be fenced to prevent
fouling or muddying of the water, trampling of the dams and
vegetation, and to permit the growth of native plants of
value to wildlife.

7. That water requirements for livestock be met by piping water
to tanks below the dams and outside the enclosures or by pro-
viding fenced lanes to the detention pools.

8. That barren soil and borrow areas in the basins of the flood-
water retarding reservoirs and farm ponds be planted to a
cover crop.

9. That grass be established in areas adjacent to the permanent
pools to reduce erosion and turbidity.

The above recomnendations are in conformance with U.S.D.A. Soil Conserva-
tion Service Biology Memorandum-7 (Rev. 1), Nationmal Standards for Biology
Practices. 1I1f adopted as a part of the plan of development, losses of
wildlife habitat would be mitigated and, additionally, fish and wildlife

benefits would accrue to the project.

The installation and operation of the project features would result in a
considerably greater amount of freshwater sport fishing. Freshwater
commercial fishing would not be affected significantly. Some of the pro-
posed watershed measures would be beneficial to wildlife; some could be
beneficial if planned and installed properly; and a few of the proposed
measures would adversely affect big-game, upland-game, waterfowl, and
fur-animal habitat.

Adoption of Recommendations Nos. 1 and 2 would improve the quality of fish
habitat and provide better sport fishing. Incorporation of Recommendations
Nos. 3, 4, and 5 would minimize the losses of wildlife habitat and in some
instances be beneficial to wildlife habitat. Applying Recommendations Nos.
6, 7, 8, and 9 would improve both fish and wildlife habitat.
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A detailed study of the watershed by the Bureau of Sport Fisheries and
Wildlife is not considered necessary at this time,
desire further information on planning for wildlife habitat management,

our Bureau, in cooperation with the Texas Parks and Wildlife Department,
would be happy to be of further assistance.

Should the sponsors
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