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WATERSHED WORK PLAN AGREEMENT

between the

Upper Elm-Red Soil and Water Conservation District
Local Organization

Farmers Creck Watershed Authority
Local Organization

Montague County Commiasioners Court
Local Organization

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

and the

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

Whereas, application has heretofore been made to the Secretary of
Agriculture by the Sponsoring Local Qrganization for assistance in pre-
paring a plan for works of improvement for the Farmers

Creek Watershed, State of Texas

under the authority of the Watershed Protection and Flood Prevention Act
(Public Law 566, 83d Congress; 68 Stat. 666), as amended; and

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

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

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

HEQA-ICE-FRUT WORYN, TIE 1833 . 6 2 G Lo lﬁ 513- 1
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Now, therefore, in view of the foregoing considerations, the Sponsor-
ing Local Organization and the Secretary of Agriculture, through the Ser-
vice, hereby agree on the watershed work plan, and further agree that the
works of improvement as set forth in said plan can be installed in about

= 5 years,

It is mutually agreed that in installing and operating and maintain-
* ing the works of improvement substantially in accordance with the terms,
conditions, and stipulations provided for in the watershed work plan:

1. The Sponsoring Local Organization will acquire without cost
to the Federal Government such land, easements, or rights-
of-way as will be needed in connection with the works of
improvement. (Estimated cost $ 97,823 )

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

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

Sponsoring
Works of ' Local Estimated
Improvement Organization Service Construction Cost
(percent) (percent) (dollars)
10 Floodwater Retarding
Structures 0 100 723,800
62,340 lineal feet of Stream
Channel Improvement 0 100 91,740
22 Debris Bagins 0 100 271,700

4-Z1918 1166 : b=562 Y=L 16578-7
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4. The percentages of the cost for installation services to be
borne by the Sponsoring Local Organization and the Service are
as follows:

Sponsoring Estimated
) Works of Local : Installation
Improvement Organization Service Service Cost
(percent) {percent) (dollars)
&
10 Floodwater Retarding
Structures 0 100 172,038
62,340 lineal feet of Stream
Channel Improvement _ 0 100 24,805
22 Debris Basgins 0 100 66,356

5. The Sponsoring Local Organization will bear the costs of
administering contracts. (Estimated cost §$ 8,200 L)

6, The Sponscoring Local Organization will obtain agreements from
owners of not less than 50% of the land above each reservoir and
floodwater retarding structure that they will carry out conserva-
tion farm or ranch plans on their land,

7. Tha Sponsoring Local Organization will provide assistance to
landowners and operators to assure the installation of the land
treatment measures shown in the watershed work plan,

8. The Sponsoring Local Organization will encourage landowners
and operators to operate and maintain the land treatment
measures for the protection and improvement of the watershed,

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

10. The costs shown iIn this agreement represent preliminary esti-
. mates. In finally determining the costs to be borne by the
parties hereto, the actual costs incurred in the installation
of works of improvement will be used.

Few, w=b; el JERTH- &
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11. This agreement does not constitute 2 financial
document to serve as a twunis for the cobligation
of Federal funds, and financial and other
assistance to be furniched by the Service in
carrying out the watershed work plan is contin-
gent on the appropriation of funds for this

purpose.

Where there is a Federal contribution to the con-
struction cost of works of improvement, a separate
agreement in connection with each construction
contract will be entered into between the Service
and the Sponsoring Local Organization prior to

the issuance of the invitation to bid. Such
agreement will set forth in detail the financial
and working arrangements and other conditions that
are appliceble to the specific works of ilmprovement.

12. The watershed work plen may be amended or revised,
and this agreement may be modified or terminated,
only by mutual agreement of the parties hereto.

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

14. The program conducted will be in compliance with
all reguirements respecting nondiscrimination
as contained in the Civil Rights Act of 196k
and the regulations of the Secretary of Agriculture
(7 C.F.R. Sec. 15.1-15.13), which provide that no
person in the United States shail, on the ground
of race, color, or national origin, be excluded
from participation in, be denied the benefits of,
or be subjected to discrimination under any
activity receiving Federal financial assistance.

fav. 1-65 4-L-1b578-4
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Upper Elm-Red Soil and Water Conservation District
Local Organlzatlon

By ﬁéfn-fr( )é(){ g
. HAHOLD@L(ES
Title Aol Rt e’

Date //»-:?, /qéé

The signing of this agreement was authorized by a resolution of the govern-
ing body of the Upper Elm-Red Soil and Water Conservation District

Local Organization

-8 66

(Secretary, Local Organization)
CEARLZS H. HOWARD

Date /"H(_/'-—-é/é

adopted at & meeting held on

T T T I A ot e e

Farmers Creek Watershed Authority
Local Organization

. - Y - _
By £ L‘ < \)L e
* . i‘-_-:‘w :
Title 70’«( 2 f(// /:.{f
Date . L] A

The signing of this agreement was authorized by a resolution of the govern-
ing body of the Farmerg Creek Watershed Authority

Local Organization

il 8- (£

adopted at a meeting held on

] ’Z_/L/ /)- //1‘ ) ,_//_;, o /’ 'H’/
OLﬁsﬁﬁiﬁ%ﬁry’ Focal_or%?nlzatlon)
Date. /) . ‘_’._.... : .. / / [
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Montague County Commissioners Court
Local Organization

lal

Title JL?“mu T.I'L;'iSJL
Date /1- /l/ kL

The signing of this agreement was authorized by a resolution of the govern-
ing body of the Montague County Commigsioners Coutrt
Local Organization

adopted at a meeting held on f/* /9/'£é

(-/} T // h{liﬁk

GLEN FRIRBLE "(Secretar Local Organization)
Ex 0 1ﬂ1%’”lerk, gOﬂmT%SLGWETS fourt,
Nonbapup "ounhy, T?zas
Fowu -l!!;’
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Local Organization

By

Title

Date

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

Local Organization

adopted at a meeting held on

(Secretary, Local Organization)

Date

- m m e m w m m m m m v ®m m w m om m m m m om = m m m om = = = = o= o= = = = = =

* ' Soil Conservation Service
United States Department of Agriculture

By

Date

Sar Mo l- LiTanet

4—21018 11 -66




WATERSHED WORK PLAN

FARMERS CREEK WATERSHED
Montague County, Texas
March 1966

PREFACE

The work plan for watershed protection and flood prevention
in the Farmers Creek watershed, Texas, was prepared by the
Farmers Creek Watershed Authority, the Upper Elm-Red Soil
and Water Conservation District, and the Montague County
Commissioners Court, the local sponsoring organizations.
Technical assistance was provided by the Soil Conservation
Service of the U. 8. Department of Agriculture. The Bureau
of Sport Fisheries and Wildlife of the U. S. Department of
Interior collaborated with the Texas Parks and Wildlife
Department in the preparation of a reconnaissance report of
the fish and wildlife aspects of the watershed. Financial
assistance in developing the work plan was provided by the
North Montague County Water Supply District and the Soil

Conservation Service of the U. S. Department of Agriculture.

4-—21818 11 -66
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WORK PLAN
FOR

WATERSHED PROTECTION AND FLOOD PREVENTION

FARMERS CREEK WATERSHED
Montague County, Texas

Prepared Under the Authority of the Watershed
Protection and Flood Prevention Act, (Public Law
566, 83rd Congress, 68 Stat. 666), as amended.

Prepared By:

Upper Elm-Red S0il and Water Conservation District

-Farmers Creek Watershed Authority

Montague County Commissicners Court

With Assistance By:

U. S. Department of Agriculture
Scil Conservation Service
March 1966
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WATERSHED WORK PLAN
FARMERS CREEK WATERSHED

Montague County, Texas
March 1966

SUMMARY OF PLAN

Farmers Creek watershed comprises an area of 102.4 square miles and is
located in the northeast portion of Montague County, Texas. About 10 per-
cent of the project area is cropland, 84 percent is grassland, and 6 is
miscellaneous such as farmsteads, roads, the community of Bonita, and Lake
Nocona. Extensive sediment damage from severely eroding gullies over a
large portion of the upland constitutes the primary problem of the water-
shed. This sediment causes three major types of damage. The reduction of
productive capacity of the flood-plain soil is the largest single damage.
Sediment damage to highways, a railroad, and bridges is of major proportions.
Sediment accumulation {n Lake Nocona, Texas, is reducing the dependable
yield of this limited resource at a rapid rate. Total sediment, floodwater,
erosion, and indirect damages are estimated to be $92,221 annually,

The work plan proposes the application of land treatment wmeasures on 470
acres of cropland and 20,648 acres of grassland at an accelerated rate
during a 5-year installation period. These measures will improve the
hydrologic condition of the cropland and grassland with the resultant
requction in sediment deposition to structures and the flood plain below.
The installation cost of these measures is estimated to be $507,614, Of
this amount, $36,339 will be borne by Public Law 566 funds to accelerate
the planning and application of needed land treatment measures.

Structural measures to be installed during the installation period include
10 floodwater retarding structures, 11.80 miles of stream channel improve-
ment, and 22 debris basins. The estimated cost of the structural measures
is $1,456,462. The Public Law 566 share of the cost is $1,350,439. Local
interests will provide all land, easements, rights-of-way, legal services,
and contract administration at an estimated value of $106,023. All of the
structural measures will be installed during a S5-vear period.

With the project installed, damages will be reduced to 830,766 annually.
Total benefits will be $79,662 annually, The ratio of the average annual
benefits accruing to structural measures ($74,897) to the average annual
cost of these measures ($53,587) is 1.4 to 1.0. Agricultural land totaling
8,880 acres will be benefited by the structural measures., The land treat-
ment measures will be maintained by the owners and operators of the land
upon which the measures are applied under agreements with the Upper Elm-
Red Soil and Water Conservation District and in accordance with contracts
under the Great Plains Conservation Program for those measures applied
under that program.

4=2101R 10-66




The structural measures will be cperated by the Farmers Creek Watershed

Authority and maintained by the Montague County Commissioners Court. The

average annual value of the cost of operation and maintenance is estimated
. to be §5,873.

DESCRIPTION COF THE WATERSHED

Physical Data

Farmers Creek, a tributary of the Red River, heads between the towns of
Montague and Saint Jo in northeastern Montague County, Texas. It flows
into the Red River near the village of 0ld Spanish Fort. The major trib-
utaries include Greenbrier, West Farmers, Deep Draw and Redbud Creeks.
These streams flow into Farmers Creek downstream of the village of Bonita
in the central part of the watershed. The total drainage area is 65,5336
acres or 102.4 square miles. Of this, 58,995 acres or 92,18 square miles
drains into Lake Noconra, which is located in the lower reaches of the water-
shed. Lake Nocona, with a surface area of 1,478 acres, was constructed as
a water supply reservoir for the town of Nocona, which lies two miles west,
outside the watershed.

The watershed lies within the Redbed Plains and West Cross Timbers physio-
graphic areas. The Redbed Plains, located in the northern part of the
watershed, is a gently rolling plain with moderately deep valleys and

flood plains of varying widths. This area is underlain by Paleozoic age
shales, redbeds, and hard sandstones of the Cisco and Wichita series.

The West Cross Timbers in the southern part of the watershed is a moderately
rolling plain with steeply escarped mesas and prominent drainage divides,
This area is underlain by Cretaceous age formations of the Trinity group.
The mesas are capped by limestones of the Fredericksburg group.

Elevations above mean sea level range from 1,318 feet on Blue Mound near
the southern divide to 730 feet in Farmers Creek channel near the Red River.

The easily eroded sandy soils of the Cross Timbers land Resource Area cover
approximately 70 percent of the southern parts of the watershed. Soils of
the Stephenville, Windthorst, and Nimrod series predominate. These soils
have developed on the soft sandstone bedrock under a postoak savannah type
vegetation. These soils were intensively cultivated in the past but are
now used mainly as grassland. The bluestems and other tall grasses make up
the major vegetation en the better managed lands. Threeawns, red gramma,

& and other low quality vegetation predominate in those areas where poor
management prevails,

- Soils of the Central Rolling Red Prairies Land Resource Area cover the
northern 30 percent of the watershed. These soils, which have developed on
shales, redbed materials, and sandstones, are mostly medium textured and
slowly permeable. They have developed under the tall and midgrasses with a
scattered overstory of postoak and blackjack trees. Rangeland is the dominant
land use although crops are grown on some of the deeper soils.

4-21491R BF-8h




The alluvial flood-plain soils are of the Zavala and Gowen series. These
soils have been greatly affected by modern overbank deposition. The clay
loam, clay, and fine sandy loam textural classes predominated in the original
. s0ils. The dominant textural classes at present are loamy sands and fine
sandy loams. The original scils were intensively cultivated, but the
present use is mainly for grassland. Land use for the entire flood plain
is 20 percent cropland, 75 percent grassland, and 5 percent miscellaneous.

The land use for the entire watershed is as follows:

Land Use Acres Percent
Cropland 6, 540 10
Grassland 55,156 84
Miscellaneous 1/ 3,840 6

65,536 100

1/ Includes roads, railrocad, farmsteads, lake, and village,

The mean amnual rainfall of 31 inches is fairly well distributed through-
out the year. The larger monthly amounts occur in April, May, and October.
Mean temperatures range from 44.0 degrees Fahrenheit in January to 84
degrees in July. The average date of the last killing frost is March 24
and that of the first killing frost is November 8, providing a normal

frost free period of 229 days.

Economic Data

Farmers (reek watershed is located in a county which is dependent upon
agriculture and the petroleum industry for the bulk of its income. Qver
90 percent of the agricultural income of $5,219,703 for 1960 was derived
from livestock, primarily beef cattle. In 1960, the county produced
5,459,201 barrels of oil. About one-third of the population of Montague
County lives in urban areas; and the trend, as in most of the nation, has
been a gradual shift from the farm to the city, '

Farms in the watershed, as in Montague County as a whole, are steadily
becoming smaller in number and larger in size. Between 1954 and 1959 the
number of farms decreased from 1,520 to 1,121 in Montague County. However,
the average sized farm increased from 338 to 454 acres. Land values for
the county as a whole increased from $42.11 to $59.14 per acre.

Approximately 75 percent of the farms in the watershed are family type.

Very little hired labor is used in farming operations. Farm income is

less than $3,000 per year for most family type farms. Approximately 63
percent of the landowners supplement their income through off-the-farm
employment. About 50 percent have full-time jobs. Nocona, one of the
largest leather products manufacturing centers in the state, provides jobs
for many. Others work for oil companies or businesses in surrounding towns.

421081 HR tuh
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Beef production is the major agricultural enterprise. Common CTops grown
throughout the watershed consist of sorghums and oats utilized for hay and
grazing and alfalfa for hay. Pecan and fruit orchards and small vegetable
gardens also are located throughout the watershed.

Crushed rock for highway construction is being quarried from hard 1lime-
stone beds near the southern watershed divide. These beds are members of

. the Fredericksburg group. Localized terrace deposits on Farmers Creek and
some of the major tributaries supply limestone gravels for surfacing county
and farm roads.

Excellent transportation facilities are available in the form of cne rail-
road and 155 miles of paved or all-weather highways and rcads serving the
watershed and surrounding territory.

Land Treatment Data

The watershed is served by the Soil Conservation Service Work Unit at
Nocona, which assists the Upper Elm-Red Soil and Water Conservation Dis-
trict.

There are 200 operating units in the watershed. Basic conservation plans
have been developed on 119, or 60 percent of these, representing 64 per-
cent of the watershed. Cooperators with the Scil and Water Censervation
District have applied appreximately 60 percent of the planned practices.
About 50 percent of the cropland and 45 percent of the grassland have been
adequately treated. Table 1A lists the practices which have been applied.
The total cost of applying these practices is estimated at $677,771.

The high cost of treatment of ercding areas has forestalled application

of conservation practices needed to control ercsicn; however, the inclusion
of this area in the Great Plains Conservation Program should accelerate

the treatment of these problem areas.

A high percentage of the upland was intensively cultivated ia the past.
Most intensive use was from World War I through the early 1940's. The
deterioration of these socils resulted in their abandonment. At least
20,000 acres of abandoned fields have only a sparse cover of annual weeds
and Invading grasses with little value for grazing or soil stabilization.
About 5 percent of the upland remains in cultivation, primarily on class
IT and I11 seils, with a small amount on class IV soils. Erosion, ranging
frem rills to severe gullies, is active on many of these old fields. Gullies,

A ranging from medium to large, comprise as much as 30 percent cof the total
land area of some farms. This has resulted in severe sediment depeositien
on the flood plain. "About 30,000 acres are infested tec some degree with

- invading brush and associated species. About 10,000 of these acres have
had some method of brush control applied during the past 15 years. but poor
maintenance has resulted in regrowth on about 7,000 acres. This regrowth
is often more difficult te control thanm the criginal growth.
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WATERSHED PROBLEMS

Sedimentation Damage

Sediment damages caused by seriously eroding gullies in the upland consti-
tute the primary problem in the watershed. This is causing severe damage
to 2,419 acres of flood plain, Lake Nocona reservoir, transportation
tacilities, stream channels, fences, other agricultural improvements, and
fish and wildlife habitat (figure 6). Infertile sands have accumulated

in depths ranging from 8 feet near Lake Nocona to more than 12 feet in the
valley reaches near U. §. Highway 82. Most of this deposition has occurred
during the past 50 to 60 years. The highest rates probably occurred during
the 1930's and 1940's when upland cover was at its poorest and gully
erosion had become well entrenched. Sheet erosion is not as severe as in
former years as a result of natural revegetation of formerly cultivated
lands. However, sediment production from deep gullies is expected to
continue at or near the present rate.

Tt is expected that the area being damaged by overbank deposition will
increase to 2,660 acres in the future as sediment continues to accumulate
in the valleys. The damaging nature of this material will also increase

as the percentage of infertile sands from the deep gullies increases over
the diminishing volume of more fertile sediment derived from sheet erosion.
Highly damaging fine sand and loamy sand deposits with profile depths in
excess of 6 feet have damaged 1,145 acres of flood plain, reducing pro-
ductivity of the soils an estimated 75 percent. Another 754 acres have
had their productivity reduced 50 percent by sandy loam sediments. Less
damaging clay and clay loam sediments have damaged 416 acres by an esti-
mated 25 percent in reduced productivity. The clay and clay loam sedi-
ments contain no organic matter and are low in fertility. The sands are
almost sterile and very drouthy. The estimated annual damage from overbank
deposition is $26,639.

Swamping and poor surface drainage that was caused by overbank deposition
and channel filling is affecting 104 acres of grassland. These areas are
being damaged 50 percent or more of productive capacity due to drowning

out of vegetation by high water tables and long periods of surface impound-
ment. The estimated annual damage from swamping is $661.

Sediment accumulation in Lake Nocona is depleting the storage capacity by
an estimated 48,877,500 gallons (150 acre-feet) per year. Most of this
sediment is clay and silt carried in suspension by floodwaters. A smaller
volume of sand is delivered by streams as bedload. The anmual rate of
sediment deposition in this reservoir is estimated to be 1.863 acre-feet
per square mile under 1965 conditions. With the present rate of depletion
and the anticipated future increased water needs by Nocona, this reservoir
can be expected to yield a dependable water supply for only the next 50 to
60 years. The annual sediment damage to Lake Nocona is estimated to be
$8,435.
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This bridge on U. S. Highway 82 across Farmers Creek had 8 feet of
clearance when constructed in 1935. Photo was taken in 1942,
Sediment accumulations were cleaned out time after time, but by
1946 it became necessary to build another bridge on top of this one.

This new bridge across Farmers Creek on U. S. Highway 82 was built in
1946 on top of the first bridge shown. The new bridge had 9 feet of
clearance., By 1960, deapite constant sediment removal operations,
gsediment had encrcoached upon it to the extent shram above,
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Sediment and debris damage to M.X.T. Railroad bridge.

Seven

years before photo was made there was clearance enough for a

man to ride a horse under the bridge. Railroad bridge

and track have been raised 2 feet 4 inches along the "Bonita

Bottom'" area of Farmers Creek.

Infertile sediment deposition on cropland. Damage of thia type

amounts to $26,639 ennually on cropland and pzstureland.
fence damage in foreground.

4-2141 9 1-88
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The accumulation of excessive volumes of sediment in the valleys is
causing problems with existing bridges on highways, railroad, and county
roads as well as to the road surfaces and tracks (figure 6). These
facilities were originally built at elevations of 8 to 12 feet above the
valley floor. Accumulations of sediment have built up the present valley
surfaces to the point where they are as high or higher than the roadbeds
and tracks. This has necessitated raising and rebuilding the U. S.
Highway 82 bridge on Deep Draw Creek. The original bridge was built in
1935 with openings 8 feet high. The second bridge, with openings 9 feet
high, was built on top of the first bridge in 1946, after it had become
useless. The second bridge now has only 4 of the original 9 feet of
clearance remaining. Several miles of this highway are now at or near
flood-plain elevations. One segment of highway is at least a foot lower.
Other bridges and culverts on this highway, as well as on other roads,
are also threatened (figure 6).

The M.K.T. Railroad bridge and approxzimately two miles of roadbed had to
be raised 2 feet 4 inches during the middle 1%940's, Several miles of
track, including the above segment, are now at flood-plain elevation and
are being covered by sediment during every flood. Smaller bridges and
culverts in the vicinity of Bonita have lost most or all of their original
capacity. Periodic raising of the roadbed and bridges and/or relocations
of these facilities will be necessary in the future as sediment accumula-
tion continues. Sediment damage to roads and bridges amounts to $10,950
annually.

Erosion Damage

Severe gully erosion has caused extensive damage to approximately 1,020
acres of land and is threatening to destroy an additional 3,000 acres

in the watershed. Individual gullies and large gully systems, ranging

in depths from 20 to 50 feet, have developed. More than 640 acres of

land have been completely destroyed to depths averaging more than 25 feet.
The present rate of land voiding by these gullies is estimated to be more
than 10 acres per year. Most of the severely gullied land is lecated in
the Cross Timbers Land Resource Area where the topography is relatively
steep. These soils are underlain by soft, poorly cemented, fine sand
bedrock. Abandonment and retirement of most cropland on these soils and
natural revegetation by native grasses has greatly reduced sheet erosion.
However, the severe head cutting within the deep gully systems has not
been reduced. The gross erosion for the entire watershed is estimated to
be 3.90 acre-feet per square mile annually. Of this, 74 percent is pro-
duced by gully and streambank erosion and the remaining 26 percent by sheet
erosion.

Although dwarfed by overbank sediment deposition, 84 acres of flood-plain
lands have had their productive capacity reduced by 10 to 20 percent as a
result of flood-plain erosion or scouring. The annual erosion damage by
gullies is $5,488 and by scouring is $1,042.
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Critical area treatment is a '"must" on eroded areas

such as this, These areas contribute most of the sediment
which devestates the flood plain.

This iz an excellent example of critical area treatment.

What was once a gully 10 feet deep now provides large
quantities of excellent forage.
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Floodwater Damage

Damages to crops and pasture as a result of inundation by floodwater are
extensive, as is damage to other agricultural property, roads, and bridges
as a result of the damaging forces unleashed by angry floodwaters. Fre-
quent damaging floods occur on approximately 4,370 acres of valuable
flood-plain land in the watershed and an additional 470 acres outside the
Project area (figure 6). The area subject to floodwater damage as
" described herein is that land which would be inundated by the 25-year
frequency storm. The severity and frequency of flooding have increased
as a result of extensive channel filling by sediment. The channel is
completely filled in some reaches of Farmers Creek and its tributaries.
Although almost inconcelvable, the existing channel is 5 or more feet
higher than the flood plain in some reaches. These conditions are illus-
trated by figure 5. Flooding has been reduced below Lake Nocona by the
surcharge storage in the reservoir; however, there is no flood storage
as such in the reservoir.

Flooding occurs in some portions of the watershed at any time there is
enough rainfall to produce runoff. During the 25-year evaluation period,
1940-1964 inclusive, there were more than 100 storms which produced
flooding. Thirty of these storms resulted in floods of major proportions,
inundating more than half of the flood plain above Lake Nocona. Eight of
these major floods would have inundated more than half of the flood plain
below Lake Nocona if the reservoir had been in place throughout the evalua-
tion period. Recent major floods occurred in 1957, 1959, and 1962. Most
of the major floods occur in the spring and fall months, although flooding
can occur at any time of the year.

Flood-plain lands, because of the ever present flood threat, are managed
in 2 manner that results in production far below the actual potential

of the land. The value of this flood-plain land varies from $50 to $500
per acre depending upon location within the watershed. The value of pro-
duction varies from $3,67 to $95.55 per acre, depending upon use.

Under non-project conditions, the average annual monetary damage is $92,221.
Of this amount, $14,234 is crop and pasture; $10,630, other agricultural;
$5,758, road and bridge; $26,639, overbank sediment deposition; $661,
swamping; $8,435, deposition to Lake Nocona; $10,950, sediment damage to
roads and bridges; $1,042, flood-plain scour; and $5,488, land destruction
by gullies. Indirect damage, such as interruption of travel, re-routing

of school buses and mail routes, interruption of livestock feeding and
management regiment, losses sustained by businessmen of the area, and simi-
lar losses, is estimated to average $8,384 annually,

Problems Relating to Water Managewent

Nocona, with an estimated population of 3,750 in 1960, obtains its water
supply from Lake Nocona. The city used 341 acre-feet of water in 1962,
410 acre-feet in 1963, and 371 acre-feet in 1964, Consulting engineers
estimated that the city would need 952 acre-feet per year by 1980. vYield
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studies indicate that Lake Nocona would have a dependable yield of 2,500
acre-feet per year, if there were nc sediment being deposited in the
reservoir. However, at the present rate of sediment accumulation, the
vield would be reduced to 1,250 acre-feet per year by 2010 and to 580
acre-feet per year by 2060 (figure 4).

This indicates that if the present rate of sedimentation continues and
Nocona's water requirements increase as anticipated, an additional source
of water will be needed within the next 50 years. Water for other towns
and communities within the area is supplied from underground sources.
Water for domestic and livestock use is supplied by wells and farm pounds.

Salt water escaping from 0il wells has caused some pollution to a few
small areas in past years; however, pollution is not a serious problem
at the present.

There are no water permits or certified filings of record for irrigation.
However, water from wells is being used for supplemental irrigation of a
few pastures. Facilities for water-based recreation are available at
Lake Nocona.

A reconnaissance survey report prepared by the Bureau of Sport Fisheries
and Wildlife of the Fish and Wildlife Service, U. S. Department of the
Interior, states: ''Lake Nocona is the only fish habitat of importance
ie the watershed. Principal sport fish are white crappies, largemouth
bass, and catfishes. The lake is open to free public fishing and sport
fishing is heavy."

PROJECTS OF OTHER AGENCIES

The North Montague County Water Supply District constructed Lake Nocona
in 1960. The reservoir, with a surface area of 1,478 acres, and a capac-
ity of 25,389 acre-feet at the spillway crest, has a drainage area of
92,18 square miles. The water district, which furnishes Nocona its water,
has a permit for diverting 4,500 acre-feet per year for municipal, indus-
trial, and mining purposes.

Recreation areas are being developed along the shoreline by civic organi-
zations of the city of Nocona.

BASIS FOR PROJECT FORMULATION

A meeting was held with the sponsoring local organization to discuss the
problems in the watershed and to determine their objectives and the degree
of development desired. The sponsors requested that consideration be given
to all measures needed for adequate watershed protection, flood prevention,
and protection of Lake Nocona from excessive sediment deposition, They
requested that a level of protection which would reduce the average annual
damages by 65 to 70 percent be provided to both Lake Nocona and the flood
plain of Farmers Creek.
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The sponsors are vitally interested in improving the low farm income by
increasing farm production through the application of needed land treat-
ment measures. The sponsors will provide the leadership necessary to
promote the acceptance and participation of landowners in the Great Plains
Conservation Program. Another objective is increased beef production
through more intensive management of flood-plain grazing land. This
increase in production will result from proper use of fertilizers, control
of noxious plants, and a higher level of grazing management.

A system of floodwater retarding structures was selected to control as
much of the runoff from the hill land as possible. In selecting sites
for floodwater retarding structures, consideration was given to locations
which would provide maximum protection to the areas subject to flood
damage. The size, number, design, and cost of these structures was
influenced by physical, topographic, and geologic conditions.

A system of debris basins was selected to store sediment until such time
as critical area planting of the severely eroded areas becomes effective.
The number and location of these was influenced by the amount of sediment
being produced, proximity to the area being damaged by sediment deposition,
the potential for further voiding of agricultural land, the capability

of individual or groups of landowners to install control measures, and
cost. The effectiveness of the system to reduce erosion to an acceptable
level will depend upon the success the sponsors have in getting landowners
to establish vegetation under the ACP and/or Great Plains Conservation
Program.

Because of the sandy material in which part of an improved channel would
have to be constructed, it was agreed to limit the size of the channel
to the capacity required to carry the principal spillway releases with
one foot of freeboard.

Several of the floodwater retarding structures offer opportunities for
development of additional capacity for the storage of water for agri-
cultural and non-agricultural uses., This was discussed with the Sponsors.
After due consideration, it was agreed that there was not sufficient
interest at this time for multiple-purpose development of floodwater
retarding structures. However, an objective of the sponsors is to encourage
individual landowners to avail themselves of the opportunities offered by
sediment pools of floodwater retarding structures for developing income
producing recreation as either primary or supplemental farm enterprises.

The system of 10 floodwater retarding structures, 22 debris basins, and
11.80 miles of stream channel improvement represents the least costly
system of structural and land treatment measures that will meet the objec-
tives of the sponsors.
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WORKS OF IMPROVEMENT TO BE INSTALLED

Land Treatment Measures

Landowners and operators cooperating with the Upper Elm-Red Soil and Water
Conservation District have applied many of the needed conservation prac-
tices on their land. An effective conservation program based upon the use
of each acre of land within its capabilities and upon its treatment in
accordance with its needs for utilization, protection, and improvement is
the key to a sound watershed protection and flood pPrevention program.
Basic to reaching this objective is the establishment and maintenance of
all applicable soil and water conservation and plant management practices
essential to proper land utilization.

The treatment of the watershed area lying above planned floodwater
retarding structures is paramount in the reduction of the rate of deteri-
oration in the uplands and in the prevention of excessive sediment accumu-
lation in the sediment pools of the structures and in Lake Nocona. The
land treatment measures will reduce soil erosion, sediment production, and
storm runoff by improving the soil-water relationship.

Table 1 shows the acreages of agricultural land which will receive accel-
erated land treatment during the project installation period, These
measures will be applied and maintained by the landowners and operators
in cooperation with the district program. Measures previously applied
will be properly maintained as well. Trends are toward a reduction in
cultivated land and more intensive use of grassland.

In accordance with Section 1110.6 of the Watershed Protection Handbook,
not less than 75 percent of the effective land treatment measures must

be installed, or their installation provided for, in the drainage areas
of structures 5, 6, 7, 8, and 9. Basic conservation plans must be pre-
pared prior to the execution of a project agreement for construction of
these structures. These plans must schedule the installation of the
required land treatment measures either before or concurrently with the
installation of the structural measures covered by each project agreement.

Critical area planting on 75 percent of the severely gullied land is
needed to reduce sediment delivered to these structures to an acceptable
level and to prevent depletion of the designed sediment storage during
the project life.

Structural Measures

Ten floodwater retarding structures and 11.8 miles of stream channel
improvement will be installed to provide flood protection to the flood-
plain lands of Farmers Creek and its tributaries. In addition, 22 debris
basins will be installed to supplement vegetative measures to be established
on 22 critical sediment source areas to reduce sediment production to an
acceptable level. The location of the planned structural measures is shown
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on the project map (figure 7). The storage capacity of the 10 floodwater
retarding structures is 11,670 acre-feet. Of this, 2,731 acre-feet is
sediment storage and 8,939 acre-feet is detention storage. Runoff from
34 percent of the watershed will be retarded. This is an average of 4.82
inches of runoff from the area upstream from the floodwater retarding
structures. The sediment storage provided in the floodwater retarding
structures is for the sediment accumulation for a 100-year periocd. Also
100-year sediment storage is provided in debris basin No. 115 to be con-
sistent with other structures designed using Engineering Memorandum-27.
The sediment storage provided in the other debris basins is for the sedi-
ment accumulation for a 25-year period; however, the life expectancy of
these structures is 50 years, Structure replacement or restoration of
sediment storage beyond the life expectancy of the debris basins is not
deemed necessary since the vegetative measures will have corrected the
sediment source areas., The total sediment storage in the 22 debris basins
is 1,067 acre-feet.

The improved channels are designed to carry the maximum release flows from
the floodwater retarding structures with a minimum of about one foot of
freeboard. The improved channels were located in cohesive materials and
in the low points in the flood plain where possible. The channels will
have a trapezoidal cross section with 4:1 side slopes to encourage natural
vegetation of the channel and to allow mowing. The spoil from the
improved channels will be placed within the right-of-way area in accord-
ance with Service criteria ocutlined in Texas State Manual Supplement
2441.8.

A power line in the reservoir area of Site No. 1 will be relocated. Three
small oil pipelines will be relocated prior to the construction of the
embankment of Debris Basin No. 113. It will be necessary to relocate a
bridge on the county road south of the railroad in crder to achieve more
satisfactory channel alignment. The county road within the reserveir area
of Site No. 3 will be raised.

The total cost of all structural measures is $1,456,462, This includes
$960,436 for floodwater retarding structures, $352,081 for debris basins,
and $143,945 for stream channel improvement.

Figures 1, 2, 2A, and 3 show structures which are typical of those planned
for this watershed. Tables 3, 3A, and 3B show details on guantities and
design features.

All applicable State water laws will be complied with in design and con-
struction of the planned structural measures,
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EXPLANATION OF INSTALLATION COSTS

Land Treatment

Land treatment measures to be applied by local interests during the 5-year
installation period are estimated to cost $507,614 (table 1). This
includes Public Law 46 technical assistance cost from the Soill Conservation
Service and Agricultural Conservation Program cost sharing as administered
by the Agricultural Stabilization and Conservation Service. Costs were
based on 1965 prices that were paid by local farmers to establish these
land treatment measures. To speed up the application of land treatment
measures, $36,339 of Public Law 566 funds (table 1) will be used to meet
increased demands for technical assistance during the S-year installation
period. This amount includes $2,229 for the completion of soil surveys in
the first two years.

Floodwater Retarding Structures

The total cost of the 10 floodwater retarding structures is estimated to
be $960,436. This includes $895,838 for Public Law 566 cost and $64,598
for local sponsors' cost. The Public Law 566 cost consists of $723,800
for construction and $172,038 for providing installation services,

The local share of the cost of floodwater retarding structures is estimated
to be $64,598, This includes $59,598, or value in kind, for land, ease-
ments, and rights-of-way and $5,000 for the administration of the construc-
tion contracts. The estimated cost of land, easements, and rights-of-way
includes the cost of relocating or modifying roads, utilities, and improve-
ments and $800 for legal fees.

Debris Basins

The estimated cost of the 22 debrisg basins is $352,081, of which $338,056
will be borne by Public Law 566 funds and $14,025 will be borne by local
funds. The Public Law 566 cost consists of $271,700 for construction and
$66,356 for installation services. The local sponsors' cost, $14,025,
consists of $9,925 for land values, 3750 for relocations, $750 for legal
fees and 52,600 for countract admlnistration.
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Stream Channel Improvement

The total cost for stream channel improvement is $143,945, of which
$116,545 will be borne by Public Law 566 funds and 527,400 will be borne
by local sponsors. The Public Law 566 cost consists of 591,740 for
construction and $24,805 for the cost of installation services., The

local sponsors' cost will be $26,800 for land, easements, rights-of-way,
relocations, and legal fees and $600 for contract administration. The
cost of land, easements, and rights-of-way includes 51,000 for legal fees.

Summary of Costs of Structural Measures

The total installation cost of all structural measures is estimated to be

81,456,462, Of this total, $1,087,240 is for construction and 5263,199

is for installation services, which will be borne by Public Law 566 funds.
The local share of the cost is $97,823 for land, easements, rights-of-way,
relocations and legal fees and $8,200 for contract administration. (Table
2).

The construction cost includes the engineer's estimate and contingencies.
The engineer's estimate was based on the unit cost of construction items
planned for each structural measure., The unit cost was based on actual
cost of structural measures in similar areas modified to conditions found
in this watershed. Ten percent of the engineer's estimate was added as

a contingency to provide funds for unpredictable construction cost,

Installation services consist of engineering and administrative cost and
are based on analysis of previous work in similar areas. The engineering
portion of this cost consists of, but is not limited to, detailed surveys,
geological investigations, laboratory reports, designs, cartographic
services, and inspection services.

Cost of land, easements, and rights-of-way was estimated by representatives
of the local sponsors and concurred in by the Soil Conservation Service.
The estimated cost for altering or re-routing roads, utility and pipe-
lines was furnished by the County Commissioners Court and the utility and
pipeline companies, respectively,

The estimated schedule of obligations for the 5-year installation period,
covering installation of land treatment and structural measures, is as
follows:
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Schedule of Obligations
Fiscal : ¢ Public Law : Other
Year Measure : 566 Funds ; Funds : Total
(dollars) (dollars) (dollars)

lst Sites 6, 7; Debris Basins 110,
111, 115, 116, 117; and Land
Treatment 282,424 115,320 397,744

2nd Sites &, 9; Debris Basins 112,
113, 114, 118, 119, 120, 121,

122; and Land Treatment 284,052 111,088 395,140
3rd Sites 3, 4, 5; Debris Basins

106, 107, 108, 109; and Land

Treatment 312,235 110,738 422,973
4th Sites 1, 2, 10; and Land

Treatment 309,511 115,622 425,133
5th Stream Channel Improvement;

Debris Basins 101, 102, 103,

104, 105; and Land Treatment 198,556 124,530 323,086

Total 1,386,778 577,298 1,964,076

EFFECTS OF WORKS OF IMPROVEMENT

The project_will directly benefit the owners and operators of approximately
100 farms and ranches in the watershed. Approximately 8,880 acres of agri-
cultural land will benefit from installation of the structural measures.
Residents of the city of Nocona, dependent upon Lake Nocona for municipal
water, will also benefit because of the greatly extended life of Lake
Nocona due to the sharp reduction in sediment deposition resulting from.
project installation, Tt is expected that well in excess of 25,000 people
will benefit from this project during its life,

The annual volume of sediment delivered downstream and causing damage to
Lake Nocona reservoir, the flood-plain soils, transportation facilities,

- and other agricultural improvements will be drastically reduced after instal-
lation of combined land treatment and structural measures. Deposition in
Lake Nocona will be reduced by 70 percent, amounting to approximately

- 34,000,000 gallons of storage capacity saved from destruction each year.
Sediment accumulation in the valleys in the vicinity of affected transpor-
tation facilities will be reduced by more than 80 percent and thus provide
stable conditions for these facilities in the future. Similar conditions
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will prevail for agricultural improvements. Overbank deposition damage
te the fleoed-plain scil profile will be reduced by 90 percent. Land
treatment measures will effect about 5 percent of the monetary reduction

in sediment damages.

The installation of the project will prelong the useful life of Lake Nocona
. by reducing the sediment accumulation in the reservoir from 150 acre-feet
to 46 acre-feet per year. After 50 years, the dependable yield will be
1,630 acre-feet per year under with project conditions compared to 1,080
acre-feet per year without the project., This represents a comfortable
margin of safety of 630 acre-feet annually as compared to the slim margin
of 80 acre-feet annually under without project conditions.

Immediately after their completion, evaporation losses in the sediment
pools of the floodwater retarding structures will cause a reduction of
inflow to Lake Nocona. This reduction of inflow will reduce the dependable
yield by 200 acre-feet per vear. As sediment accumulates in the sediment
pools, the inflow will again approach pre-PL 566 project conditions. As
illustrated by the time-yield curve, figure 4, the net effect of the PL 566
project will be to assure the future water supply of the city of Neccona by
prolonging the useful life of its source.

The project will provide flood protection to 3,636 acres of flocd-plain
land below floodwater retarding structures and approximately 470 acres
cutside the project area on the common flood plain of the Red River and
Farmers, village, and Cottonwood Creeks. About 274 acres of flood plain
below debris basins will also benefit from incidental flood storage in the
structures while they are effective. Had the project been in place during
the evaluation period, 1940-1964, 15 of the 30 major floods that occcurred
above Lake Nocona would have been reduced to minor floods inundating less
than half of the flood plain. All but 2 of the 8§ major floods would have
been reduced to minor proportions in the reach below Lake Nocona.

Owners and coperators of flood-plain land will be able to manage pastures
more intensively as a result of flood reduction. More intensive manage-
ment will consist primarily of fertilization, noxious plant control, and
planned grazing for maximum grass preoduction. It is not expected that
any flood-plain land will be shifted from pasture to cropland, nor is it
expected that the project will result in any increase in acreage of crops
in surplus supply.

Excellent opportunities for the development of on-farm income producing
. recreation facilities will become available at and in the vicinity of
sediment pools.

. The sediment pools of those fleoodwater retarding structures open to the
getteral public will provide needed water-based recreaticn activities such
as fishing, hunting, picnicking, and camping. Such waters are used to a
great extent by youth organizations, such as Boy Scouts, Girl Scouts,

EAEEE BB - R B B




19

church organizations, etc. These facilities will furnish approximately
5,810 visitor-days of recreation annually. Most of the usage will occur
from May through September, but it is expected that these facilities will

be used to some extent during all seasons.

Secondary benefits will accrue to the trade area as a result of increased
business to those who furnish farm equipment, petroleum products, ferti-
lizers, farm supplies, and the various services associated with a farming

and ranching community.

PROJECT BENEFITS

The estimated average annual monetary damages (table 53} within the water-
shed will be reduced from $92,221 to 330,766, a reduction of 67 percent.
Crop and pasture damages will be reduced from $14,234 to $6,346, or 55
percent. Other agricultural damages, such as losses of fences, farm
equipment, etc., will be reduced from $10,630 to $3,036, or 71 percent.
Of the $61,455 damage reduction benefits attributable to the project,
$56,690 or 92 percent is the result of structural measures, with the
remaining 8 percent the result of land treatment.

Flood-plain scour damages occurring in the watershed will be reduced from
$1,042 to $248, a reduction of 76 percent. Damage from land destruction
by gullies in the upland is expected to be reduced from $5,488 under
non-project conditions to $1,614 after project installation, or 71 per-
cent.

Damages from overbank deposition of infertile sediment upon formerly
fertile land amount to $26,639 under without project conditions. This
will be reduced to $12,075 after project installation, or 55 percent.
Damages from swamping will be reduced from $661 to $104, or 84 percent.
Damages from sediment deposition to Lake Nocona will be reduced from
$8,435 under non-project conditions to $1,138 after project installation,
or 87 percent,

Benefits from intensification of land use by fertilization, noxious plant
control, and proper management, with the resultant increase in production,
are estimated at $7,628 annually, TIncidental recreation benefits from
those pools open to the public will be $3,504 annually.

Secondary benefits are not considered pertinent from a national viewpoint,
but are expected to average $7,075 annually in the immediate locale. This
amount, which excludes indirect benefits in any form, results from $5,879
in benefits stemming from the project and $1,196 induced by the project.

Other substantial benefits will accrue to the project, such as an increased

sense of security, a more satisfying and healthful environment in which
to live and rear a family, and the knowledge that one is living in a more
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wholesome community. These benefits, although of growing importance,with
the passing of each day, have not been evaluated in monetary terms, nor
have they been used for project justification.

COMPARTSON OF BENEFITS AND COSTS

The total average annual cost of structural measures (amortized total
installation cost, plus operation and maintenance) is $53,587. These
measures are expected to produce average annual primary benefits of
$67,822. The benefit-cost ratio without secondary benefits is 1.3 to
1.0. The ratio of total average annual project benmefits ($74,897) to
the average annual cost of structural measures ($53,587) is 1.4 to 1.0

(table 6).

PROJECT TNSTALLATICON

Farmers will be encouraged to establish the remaining needed land treat-
ment measures in cooperation with the Upper Elm-Red Soil and Water
Conservation District during a 5-year installation period. The governing
body of the soil and water conservation district will assume aggressive
leadership in accelerating the land treatment program now being applied.
Landowners and operators will be encouraged to participate in the Great
Plains Conservation Program. It is expected that most of the critical
sediment source area treatment will be accomplished under this cost-
sharing program.

The Soil Conservation Service will provide any additional technical
assistance needed to the soil and water conservation district to accel-
erate the planning and application of soil, plant, and water conservation
medasures. The Montague County ASCS County Committee will cooperate with
the governing body of the soil and water conservation district and the
Farmers Creek Watershed Authority in selecting for financial assistance
those practices which will accomplish the conservation objectives in the
shortest possible time. The Extension Service will assist in the educa-
tional phase of the program by holding local farm meetings, preparing
press, radio and televison releases, and using other methods of getting
information to landowners and operators in the watershed. Soil and water
conservation loans available through the Farmers Home Administration will
be given special emphasis. Present FHA clients in the watershed will be
encouraged to cooperate in the program. The goal of the application of 80
percent of the needed land treatment practices by or before the ead of the
installation period is expected to be accomplished as follows:
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: FISCAL YEAR :
Land Use : lst : 2nd : 3rd : 4th : 5th : Total
{acres) (acres) (acres) {(acres) {acres) (acres)
Cropland 94 94 94 94 94 470
Grassland 4,130 4,130 4,130 4,129 4,129 20,648
Total 4,224 4,224 4,224 4,223 4,223 21,118

The structural measures will be installed during a 5-year installation
period. All of the debris basins that are located within the drainage

area of a floodwater retarding structure must be constructed prior to or
concurrently with the construction of the floodwater retarding structure,
All of the floodwater retarding structures and all of the debris basins
must be in place before the improved channel is constructed. This sequence
of construction may result in prolonged flooding until the improved channel
is in place in those areas where there is no channel or where the existing
channel is teoo small to carry release flows from structures.

The Farmers Creek Watershed Authority will act as the contracting local
crganization to administer the contracts for the construction of all
planned structural measures. The Watershed Authority will make arrange-
ments for necessary legal, administrative, and clerical personnel, facil-
ities, supplies and equipment to advertise, award, and administer the
contracts. The Watershed Authority will select and appoint a contracting
officer. His letter of appointment will include a listing of duties,
responsibilities, and authorities. The individual appointed as contracting
officer shall be available at all times to carry out his duties. He should
be selected on the basis of his administrative ability. Legal, accounting,
and/or engineering background would be helpful assets. He will be provided
with clerk-typist assistance, available to him at all times. He will also
be provided with office space at a recognized location easily accessible

to the public and construction contractors. Arrangements will be made by
the contracting officer to handle formal construction contract bid openings,
publicly conducted, and attended by approximately 20 persons. The con-
tracting officer will be provided with transportation facilities so that he
will be able to make inspection trips to the locations of apparent low
bidders' equipment plants and to all construction sites as necessary to
perform his duties.

Land, easements, and rights-of-way, including utility, pipe line, road and
improvement changes, will be acquired for all of the planned structural
measures by the Farmers Creek Watershed Authority and/or the Montague
County Commissioners Court. These sponsors have entered into an agreement
whereby the county will assume prime responsibility for acquisition of
such land, easements, or rights-of-way as will be needed upon specific
request of the Watershed Authority in given cases.
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The Montague County Commissioners Court has the authority under applicable

State law to exercise the right of eminent domain, if necessary, to acquire
such land, easements, or rights-of-way, including utility, pipe line, road

and improvement changes, as will be needed in connection with the works

of improvement to be installed with Federal assistance. The legal adequacy
of easements, permits, etc., for the construction of the planned structural
measures will be determined by the Farmers Creek Watershed Authority.

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

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

2. All land, easements, rights-of-way, and permits have been
obtained for all structural measures or written statements
have been furnished by the Farmers Creek Watershed Authority
and the Montague County Commissioners Court, giving a schedule
for remaining non-cleared sites, by site number, and the exact
date by which all land rights therefor will be obtained or the
right of eminent domain of the county will be used to secure
any remaining land, easements, or rights-of-way and that suf-
ficient funds are available for purchasing those easements
and rights-of-way and for condemnation proceedings and awards.

3. Court orders have been obtained from the Montague County
Commissioners Court that the county roads affected by the
floodwater retarding structures will be relocated or raised
2 feet above emergency spillway crest elevation at no expense
to the Federal government, or closed, or permission granted to
temporarily inundate the road, provided equal alternate routes
can be provided.

4. Court orders have been obtained from the Montague County
Commissioners Court stating that all county and private road
bridges that are affected by stream channel improvement will
be modified or replaced, if needed, concurrently with or prior
to the construction of the improved stream channel.

5. The contracting agencies are prepared to discharge their respon-
sibilities.

6. Project, land rights, and operation and maintenance agreements
have been executed,

7. Flowage rights have been obtained from affected landowners to
save the sponsors harmless from the effects of prolonged flooding
caused by release flows from floodwater retarding structures and
debris basins until such time as the improved channel is completed.
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8. Public Law 566 funds are available.

FINANCING PROJECT TNSTALLATION

Federal assistance for carrying out the works of improvement described in
this work plan will be provided under the authority of the Watershed
Protection and Flood Preventicn Act (Public Law 566, 83rd Congress; 68
Stat. 666), as amended.

The cost of installing the needed land treatment measures during the 5-year
ingtallation period will be borne by the landowners and operators of the
land on which these measures are installed. The Agricultural Stabilization
and Conservation Service will provide financial assistance for the instal-
lation of those land treatment measures which are eligible for this assist-
ance, as will the Soil Conservation Service through the Great Plains
Conservation Program. The Farmers Home Administration, local banks, and
other lending institutions can arrange financing for the landowners and
operators’ share of the cost. The Soil Conservation Service will provide
funds in the amount of $65,369 to finance the cost of technical assistance
in planning and application of the land treatment measures. This consists
of $36,339 of Public Law 566 funds and $29,030 to be provided from Public
Law 46 funds (table 1).

Funds for the local share of the cost of installing the structural measures
will be provided by the Farmers Creek Watershed Authority. The Authority
is collecting an annual tax of 15 cents on each $100 of assessed property
valuation. Approximately $2,300 per year is being collected. These funds
can be used for any purpose except to pay off a bond issue or a loan from
the Federal government. These funds may be used for that purpose only
upon approval by a vote of the qualified voters. The Upper Elm-Red Soil
and Water Conservation District and the Farmers Creek Watershed Authority
have entered into an agreement with the Montague County Commissioners
Court whereby the County will exercise its right of eminent domain to
acquire such land, easements, or rights-of-way as will be needed in spe-
cific cases when requested by the Farmers Creek Watershed Authority.

It is anticipated that 80 percent of the easements to be acquired by the
Watershed Authority and/or the County will be donated. Out-of-pocket
costs are expected to be $18,000. This consists of the cost of acquiring
those land easements and rights-of-way that are not donated, the cost of
modification or relocation of roads, pipe lines and utilities, and con-
tract administration.

Financial and other assistance to be furnished by the Service is contingent
on the appropriation of funds for this purpose. In addition, all pre-
requisite conditions will be met before Federal funds will be made available
for the installation of the structural measures,

a-F¥10%4VA £ -oh
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PROVISTONS FOR OPERATION AND MATNTENANCE

Land treatment measures will be maintained by the landowners and operators
of farms on which the measures are installed under agreements with the
Upper Elm-Red Soil and Water Conservation District. Representatives of

the district will make periodic inspections of the completed land treatment
measures to determine maintenance needs. The landowners and operators will
be encouraged to perform needed maintenance and management practices,
District owned equipment will be made available for this purpose in accord-
ance with existing working arrangements,

The structural measures will be operated by the Farmers Creek Watershed
Authority and maintained by the Moatague County Commissioners Court. An
operations and maintenance agreement will be executed by the parties hereto,
prior to the issuance of invitation to bid on construction of the structural
measures. The agreement will set forth specific details on procedure in
line with recognized assignments of responsibility.

The estimated annual operation, maintenance, and replacement cost is
85,873, based on long-term prices. This consists of $1,340 for the flood-
water retarding structures: $2,475 for the stream channel improvement; and
$2,058 for debris basins.

The Farmers Creek Watershed Authority will have maintenance inspection
and coordinating responsibility for all of the structural measures, but
accomplishment and financing will be the responsibility of the Montague
County Commissioners Court.

The Farmers Creek Watershed Authority, the Upper Elm-Red Soil and Water
Conservation District, and the Montague County Commissioners Court will

be represented on each joint inspection group making scheduled inspections
of works of improvement. Inspections will be made in accordance with pro-
cedural details of the Operation and Maintenance Agreement.

The Service and the sponsors will make a joint inspection annually, or
after unusually severe floods, or in the event of other unusual conditions
that may adversely affect the works of improvement, for three years
following installation of each Structure. Inspection after the third year
will be made annually by the sponsors. The Service will participate in
annual inspections as often as it elects to do so after the third year.
Inspection items are those items which may need maintenance. These include,
but will not be limited to, the condition of the principal spillways, earth
fills or embankments, vegetative cover of the earth fills and emergency
spillways; the need for removal of woody vegetation, sediment bars and debris
from improved channels; the need for corrective measures to prevent bank
cutting in the improved channel; and the condition of fences, gates, and
other appurtenances installed ag a part of the structural measures.

4-215ta 664
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Maintenance needs for all structural measures noted by the representative
of the Farmers Creek Watershed Authority, or those called to hils attention
by others and confirmed by him, will be referred to the Montague County
- Commissioners Court. The representative of the watershed authority will
prepare a report of all maintenance inspections. A copy of the report
will be submitted to the Service representative. The authority repre-
sentative will keep summary control records in support of proper maln-
tenance having been performed on these works of improvement for the
entire watershed.

The Soil Conservation Service, through the Upper Elm-Red Soil and Water
Conservation District, will participate in operation and maintenance by
furnishing technical assistance to aid in inspections and technical
guidance and information necessary for the operation and maintenance pro-
granm.

Provisions will be made to provide for free access of representatives of
the Farmers Creek Watershed Authority, the Montague County Commissioners
Court, and Federal representatives to inspect and provide for maintenance.
for all structural measures and their appurtenances at any time.

A=21918 11-88
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TABLE 1 - ESTIMATED PROJECT INSTALLATION COST
Farmers Creek Watershed, Texas
o i : : Number :__ Estimated Cost (Dollars) lf
' Installation Cost : : to Be :Public Law: :
Iten : Unit : Applied :366 Funds : Other = : To:al
LAND T L
"Soil Conservation Service . : _ RS
Cropland EEEEE ~ Acre &70 - 15,913 15 913
_ Grasslapd . . ' Acre 20,648 - 426,332 426,332
. Technical: Ailistance 36,339 29,030 9
SCS §ub§o'al " 36,339 471,275
TOTAL LAN.:'.T REA e 0, 36,339 47 '
o Sofl Con;hrvatidn Snrvice
Floodwater aetarding ' o -
‘Structures No. .10 723,800 -
‘Stream Chlnnel Tmprove-
ment _ Feet - 62,340 91, 740 .
Debris Basina ~ No. 22 I
. total . - 1Lg§}. a—
gubtotal - Gonstruction . 1,087, 2&@ -
Installation Services '
Soil Congervation Service: - '
‘Engineering Bervices 167,526 - 167, 526
Other : _ . 95 673 : - 8§ 611
S Subtotal 263,199 =
Subtotal Ins ga}lngig §3I¥£°°' i 263 199 -
Dtggr goste - L
Land, tatt-nnta and Rights-of-Way
Adninistratiqug_jmgﬁgg__p :
Subtotal - Othar_gpa;a ' '
C 1 ) A g .
!g;&; PRO{EC? e - - 1,386,778 577,298 1,964,07¢

SubtotaL‘QCS

“ ° TOTAL PROJECT

“577 293.

1/ Price Base: 1966

March 1966




TAB! E_IA - STATUS 'OF WATERSHED'WORKS' OF I i s i e

Farmers.Creek Watershed, Texas

 ::¥_;ng§§g£g§ 

Uni;

Gonaervation Cropping System
: Fa

- Céver ahd Green Manure- Crop:
Crop Residue Use -
: Grasaes and Legumes in Rotation

Aand. ing - :
?asture and Hayland Planting
Pasture and Hayland uanagemant '
Range Def rad ‘Grazing

fs‘_gh gontrol -
Critical Aréa Planting

- Parm Pond .

' Grade: Stabilization Strueture ‘
-Range saeding

Acre
Acre
‘Acre
Acre
Acre
Foot
Acre
Foot

Acre
Acre
Acre
Acre
Acre
-‘Acre
Acre

Mo,
"Acre

Total
Cost

to Qgte 2 gnollars} l{u

3,410

2,540
54 825'

8,873,
2,180
1,800 .
9,455

32,800

194,560

912 ..

4,665
' 180,000-

12,500

" 52 oqu-_
2,500 -

91,110

1/ Price Base:

677,771

March 1966
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TABLE & - ANNUAL COST

‘__,_ L o Farmers Creek ...Wa.tar.shg.d,. _Texas .. ... ..

{(Dollars) 1/

tAmortization of: Operation and :
Evaluation - : Installation ¢ Maintenance
Unit : Cost : cost 2/ :  Total

" Floodwater Retarding Structures
1 through 10; '

62,340 feet of Stream Channel : : v
Improvement ; o
. and . o : :
Debris Basins 101 through 122 - 347,14 5,873 53,587
TOTAL _ 347,14 . 5,873 53,587

1/ Price Base: 1966
2/ Long-term prices as projected by ARS, September 1957.

3/ Amortized at 3.125 percent for 100 years.

March-1966
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'TABLE 5 - ESTIMATED AVERAGE ANNUAL FLOOD DAMAGE REDUCTION BENEFITS
S : Farmers Creek Watershed, Texas o
(Dollars) 1/

Egttmated Ayerage Annual Demage

. Without 7 With :-.
Item 3 ‘Project . Proigct_

Floodwater : ' ' . _ P
Crop and Pasture 14,234 .. 6,346 . 7,888
Other Agricultural- 10,630 S 3,03 7,594
Non-agricultural B L A

Road and Bridge 3,758 . - 1,000

Csubtotal 30,622 10,382

Sedimeat . . -
Overbank Deposition . 26,639 Lo 12 075
 Swamping 661 ' 104
Deposition to Lake Nocona- 8,435 : 1,138
Road and Bridge ' 10,950 - -2,408;

Subt:ot‘.al - " 46,685 15,725

Erosion : _ oL K
Flood Plain. Scour _ 1,042 : 248
- Land Destruction by ’ S
' Gullies -, 5,488 S 1,614

_Subtot_‘.al . 6;5_.30 ; o 1,362 Sl

Indirect 8,38 2,797 s;87

TOTAL . 92,221 30,766

1/ Pr;cé'nase:- Long-term prices as projected by Aks,5sép¢eﬁﬁér‘195i;j”

March 1966

d+21010 LR ] ]




36

9961 Y2IBW

_ _ *K1Tenuue o7 ‘yg
Jo £33139U3q UOTIONPI 23wmEp POOTF IPFA0Id [1IA EIANSEsW JUAWIPIII PUB] JEY) PAITWEIES B ¥ ‘uoriyppe wl [y
. ‘S3INseam pajwdAINUI /T
_ _ "y ®1qe3 woxg /7
.nmm.nnun_suummwqgmnvuupwﬁoummmmuu.mnm.sumunwaoa"onum moﬂu.m\w.

= : ; S |
11 L85 €S L68°%L  SL0°L 829°C . wos‘g 06996 /7 TVIOL QuVED |
iyl L85 es L68°yL SL0°L 829°L  wos‘c 06995 | JT svieed staqed gz

pue
{Jusmancadm] Teuuwy)
meAAI§ JO 1937 OHE“Z9
{sainjonilg
- Buypae3ay 1938Mpoold 01

oF3%d : /g 380D ¢ 18301 = ¢ Xagpuooag : ETTY T ETTE oa_uu:_vom : 30N
Iso0) : IEnuauy HE ! pue] aale :1PjuepIOUl: o8smug : worIenTeAR
ITIoudg : a%eisay : S.u93ul OIOH: ¢, 3 H : w
:

/T (sav110Q) s

_SeXa ‘poysisiuM R9SID siomiey 3

STENSVAN TVANIONULS HO4d SISOD GNV SLii=nsd d0 NOS L4

f - * M W




37

INVESTIGATIONS AND ANALYSES

Land Use and Treatment

The status of land treatment for the watershed was developed by supervisors
of the Upper Elm-Red Soil and Water Conservation District, with assistance
from personnel of the Soil Conservation Service Work Unit at Nocona, Texas.
A 40 percent sample of current conservation plans was used to develop con-
servation needs data for the entire watershed. Acres to be treated by

land use during the 5-year project installation period were based upon
total conservation needs and the priority of planning and servicing set

by the Soil and Water Conservation District. Technical assistance needs
were based on the amount of time now required for soil surveys, develop-
ment and preparation of basic conservation plans, and application of
conservation measures. The difference between funds that are available
under the going program and those required to assure application and
maintenance of all planned land treatment practices prior to the end of the
5-year installation period is the amount of technical assistance funds that
will be made available from PI, 366 funds.

Engineering Investigations

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 were as follows:

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

2. A study of photographs, supplemented by field examination,
indicated the limits of flood plain subject to flood damage
and critical sediment producing areas.

3. Floodwater retarding structure and debris basin sites were
selected by sterecscopic photo and topographic map studies
supplemented by field examination. Investigations also indi-
cated a need for stream channel improvement in some reaches of
the watershed.

4. A system of 11 floodwater retarding structures, 11.8 miles of
stream channel improvement, and 22 debris basins was recommended
to the sponsoring local organizations for further consideration
and detailed survey. The ownership and property lines for each
structure and for channel improvement were located and drawn on
the photographs by the local sponsors prior to the start of
engineering surveys.
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3. Surveys - Engineering surveys were made after dgreement was reached
with the sponsoring local organizations on the location of struc-
tural measures to be studied.

@. Horizontal Control - Scales of aerial photographs were deter-
mined by chaining between identifiable points,

) b. Vertical Control - Existing U. §. Coast and Geodetic Survey
and U, §, Geodetic Survey bench marks were supplemented with
temporary bench marks set at strategic leocations for use in
making structural surveys.

¢c. Floodwater Retarding Structures - Field sUrveys were made in
two stages. First, topographic maps were made of the reservoir
areas. Surveys were made of roads, pipe lines, and utility
lines located within the reservoir areas. Second, after pre-
liminary plans were reviewed and accepted by the local spomnsors,
detailed topographic maps with a contour interval of 2 feet
and a scale of 1 inch to 100 feet were made of emergency spill-
way areas. A profile survey was made of the centerline of each
structure. Contour lines of water elevations at the lesser of
the 50-year sediment pool or 200 acre-feet level, at the top
of the riser, the emergency spillway crest, and 2 feet above
the emérgency spillway crest were located on the ground and
recorded on the photo map. These surveys provided the data
necessary to determine if required sediment and floodwater
detention storage capacities could be obtained, to determine
the most ecomomical design for each structure, to estimate the
installation cost and to make land rights maps., Surveys were
made in accordance with Procedures outlined in Watersheds
Memerandum TX-~2.

d. Channel Improvement - Channel improvement surveys were made in
accordance with procedures outlined in Watersheds Memorandum
TX-1. Surveys consisted of 58 additional cross sections to
supplement valley cross section surveys. Topographic maps were
prepared for some reaches of the flood plain for use in deter-
mining the alignment of the improved channel.

€. Debris Basins - These structures were surveyed in accordance
with procedures outlined in Texas Engineering Handbook, Section
17, except No. 115, which was surveyed the same ag the flood-
water retarding structures.

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

a. Floodwater Retarding Structureg - Criteria outlined in Engineering
Memorandum-27 and Texas State Manual Supplement 2441 were used

4-21%18 LGN ]
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to determine the sediment and floodwater detention storage
requirements, structure classification, and principal and
emergency spillway design. As the topogtraphy was determined
for each floodwater retarding structure site, storage tables
and curves were developed. Preliminary layouts of pools,
centerlines of dams, and emergency spillways were prepared
and then reviewed on the ground with the sponsors. These
preliminary layouts showed the approximate area of the dam,
emergency spillway, and the sediment 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 emergency spillways were designed.

The elevations of the sediment pools were determined in
accordance with Engineering Memorandum-16 and Section 3107,
Watershed Protection Handbook. The lower sediment pool ele-
vation was set, using the lesser of the capacities required
for 50 years or 200 acre-feet. Storage of permanent water
is limited by State law to 200 acre-feet unless a special
permit is obtained. Detention volumes exceed the minimum
criteria set forth in Engineering Memorandum-27 and Texas
State Manual Supplement 2441,

b. Stream Channel Improvement - The design of the improved
stteam channel was based on the procedures outlined in USDA
Technical Release No. 25, Planning and Design of Open Channels,
December 15, 1964. Maps and profiles were developed from
engineering survey data., The improved channels were located
in the low point of the flood plain and in cohesive soils
where possible. The channels were designed to carry the maxi-
mum release flows from the floodwater retarding structures with
about one foot of freeboard.

c. Debris Basins - The debris basins were designed in accordance
with Standards and Specifications for Sediment Control Struc-
tures for West Cross Timbers and North Central Prairies Land
Resource Areas - Texas, except No. 115, where the product of
the storage times the height of the dam is greater than 3,000.
For this site, Engineering Memorandum-27 criteria was used.
These structures were proportioned so the 25-year frequency
storm flood would not produce flow in the emergency spillway.
The elevation for the top of the dams was determined by routing
the 100-year frequency flood through the site, using a storage
indication method of flood routing. An emergency spillway no
less than 30 feet wide and 2 feet deep was provided at all
sites. For those structures where, at the minimum top of dam
elevation, the detention storage plus emergency spillway
storage exceeded the storage required to contain the 100-year
flood, no routing was made.

d-2191a 6-66
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7. Cost Estimates - Construction costs were based on unit prices
being expended at similar sites, Soil Conservation Service experi-
ence, and values furnished by local organizations and companies.

B Alternate dam site locations were analyzed to determine the least
costly combination of emergency spillways and embankments. The
average annual cost of maintaining structural measures was con-

N verted to long-term prices.

Hydraulic and Hydrologic Investigations

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

1. Basic meteorclogic and hydrologic data were tabulated from U. §.
Weather Bureau Bulletins for the gages at Bonita and Gainesville,
Texas, U. S. Geological Survey Water Supply Papers, and Texas
Board of Water Engineers' Bulletins. Precipitation records were
also tabulated for the rain gage at the Soil Conservation Service
office at Nocona, Texas.

A tabulation of cumulative departure from normal precipitation
for the gages shows the period 1940 through 1964 to be repre-
sentative of normal. Storms that occurred during this period
were used to evaluate flood damages. Each storm during this
period was analyzed to determine the antecedent moisture con-
dition, using the procedure outlined in National Engineering
Handbook, Section 4, Supplement A, Section 3.4. The depth of
runoff from individual storms was estimated, using runoff curves,
Figure 3.10-1, NEH, Section 4, Supplement A, Section 3.4. The
runoff from each storm was adjusted to reflect future hydrologic
conditions of the watershed.

2. The present hydrologic conditions were determined from a 10
percent sampling of soil and cover conditions. The future con-
dition was determined by considering the effect of changes in
land use and treatment that could be expected during the instal-
lation period. The following is a summary of curve numbers by
land resource areas:

Present Future
Land Resource Area Conditions Conditions
Cross Timbers 73 72
N Central Rolling Red Prairies 80 79

Watershed Average 75 74

4-72191R [CN -
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The area subject to damage from flooding was determined by stereo-
scopic photo study, supplemented with information obtained from
residents of the watershed and field investigations. A flood
damage area strip map was developed from this data.

A base map of the watershed was developed showing the drainage
divides of the floodwater retarding structures and valley cross
sections. Drainage divides were determined by stereoscopic photo
study, supplemented by field investigations. Drainage areas for
evaluation purposes were measured on the drainage area map.

Engineering surveys were made of 44 valley cross sections to
represent the stream hydraulics and flood-plain area. Stream
and flood-plain lengths were measured from the flood-plain

strip map and profiles of the streams were developed and plotted.

Stage-discharge relationships were developed for the valley cross
sections by use of Manning's formula.

The peak discharge runoff relationship was developed at each pro-
posed floodwater retarding structure site and at each valley cross
section by use of the IBM 7090/7094 computer program outlined in
USDA Technical Release No. 20, '"Project Formulation Program -
Hydrology," June 8, 1965. Various combinations of floodwater
retarding structures were analyzed to determine the system of
structures which would accomplish the project objectives most
efficiently.

Stage-area inundated curves were developed for each portion of
the flood plain represented by a single cross section. Acres
inundated by 0-1, 1-3, and 3 feet plus depth increments were
determined for selected floods. Composite runoff-area inundated
curves were developed for without project conditions and to
reflect the effect of the planned works of improvement for each
evaluation reach.

Determinations were made of the area that would be flooded by
each storm in the evaluation series under each of the following
conditions:

a. The 1965 condition of the watershed remaining static.

b. The application of land treatment.

c. The application of land treatment and installation of flood-
water retarding structures and channel improvement.
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Reservoir operation studies were made to determine the dependable
yield from Lake Nocona. Runoff records indicated that the period
1950 through 1957 was the most critical drought period in recent
times, Separate studies included the following watershed and
reservoir conditions:

a. Present condition inflow and original area capacity curve,

b. Present (1965) condition inflow and area capacity curve
adjusted by the area increment method for 7,361 and 16,323
acre-feet of sediment accumulation.

c. Present condition inflow with 4,591, 6055, and 7,655 acre-
feet of sediment in the bottom of the reservoir.

d. Present condtion (1963) inflow, but with 34.76 square
miles controlled by floodwater retarding structures and
the area capacity curve adjusted by the area increment
method for 1,736 acre-feet of sediment accumulation.

This is the sediment accumulation expected in Lake Nocona
at the time the PL 566 project 1is completed.

The procedure for making these studies is contained in Texas
Engineering Handbook, Section 4, Hydreology, Chapter 2, Reservoir
evaporation rates were obtained from the Texas Board of Water
Engineers, Bulletin 6006, Monthly Reservoir Evaporations for
Texas. The inflow to the reservoir was based on stream flow
records for Big Sandy Creek near Bridgeport, Texas. Rainfall
records for the U.5.W.B. gage at Bonita were used in the
studies.

Detention volumes for floodwater retarding structures were
determined in accordance with Texas State Manual Supplement 2441
criteria. Volumes used exceed these criteria at all sites to
obtaln a more economical or desirable emergency spillway eor struc-
ture design. The percent chance of use of the emergency spillway
was determined by adding to the actual detention storage the
volume which would be released by the principal spillway during

a 2-day period.

The principal spillway release rates for the floodwater retarding
structures vary from 8 csm to 15 csm. The average release rate
for the watershed for the area controlled is 10 csm. Release
rates were determined by studying the effect of release rates on
design of the structures and on downstream channels.

The emergency spillway and freeboard design storms were selected
from Engineering-Hydrology Memorandum TX-1. The values exceed
those shown on standard drawing E$S-1020. The distribution graph

421818 BE-68
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method was used to develop inflow hydrographs for each site in
the watershed. The elevation of the top of the dams was deter-
mined by routing the freeboard hydrograph, using the Monrobot
. Computer for all floodwater retarding structures except No. 7 and
debris basin No. 115. The top of dam elevations for these two
structures were determined by graphically routing the freeboard
hydrographs. The routing method described on page 5.8-12, NEH,
Section 5, was used.

14, Rainfall amounts contained in U. S. Department of Commerce
Weather Bureau Technical Paper No. 40, "Rainfall Frequency Atlas
of the United States,” were used with hydrologic soil cover
complex curve No. 72 to develop mass inflow hydrographs for the
25-year and 100-year frequency floods. These hydrographs were
used to determine the emergency spillway crest and top of dam
elevations for the debris basins. Design procedures presented
in Texas Engineering Handbook, Section 17, were used.

Sedimentation Investigations

Sedimentation investigations were made in accordance with procedures out-
lined in Technical Release No. 12, "Procedures for Computing Sediment
Requirements for Retarding Reservoirs," September 1959, USDA, SCS; Water-
sheds Memorandum TX-25, "Sedimentation Investigations,” August 1959, USDA,
8CS; and "Guide to Sedimentation Investigations," South Regional Technical
Service Area, March 1965, USDA, SCS. :

Sediment Source Studies

The following steps were used to determine the required 100-year sediment
storage requirements for the planned floodwater retarding structures:

1. Representative samples covering about 10 percent of the water-
shed drairnage area were selected on aerial photographs.

2. Soils and slope data from unpublished soil survey field sheets
were utilized for all samples.

3. Land use, cover conditions, land treatment, and slope lengths
in sample areas were mapped in the field.

- 4. Field investigations of gullies and stream channels above all
structures were made to determine lengths, depths, and estimated
rates of erosion.

5. Soils by slope in percent, slope length, land use, and cover
conditions were tabulated for each land resource area.

4-33uld B -6 &
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6. The Musgrave soil loss equation for computing sheet erosion was
used to adjust present erosion rates to reflect the effect of
land treatment to be applied.

7. Sheet erosion rates were expanded by land use for each land
resource area in the drainage area of each planned structure.

8. Applicable delivery ratios were applied to the gross erosion
rates obtained in steps 4 and 7 to determine the sediment
delivered to the reservoir.

9. The sediment delivered to the reserveir was adjusted for
estimated trap efficiency.

10. Allowances for differences in density between soil in place
and sediment were made for the required sediment storage
volumes. These densities were based on the fellowing textural

classes:
Scil in Place Submerged Sediment
Texture (lbs./cu.ft.) {(1bs./cu. ft.)
Clay and clay loam 82 45
Loam and sandy loam 88 68
Sand and loamy sand 95 95

11. Allocation of sediment to the floodwater retarding structure
and debris basin pools was made on textural classes as follows:

Period of Structure Condition of Allocation
Deposition Pool Sediment (Percent)

Floodwater Retarding Structures

First 50 Yearss Detention Aerated 30
Sediment Submerged 70
Last 50 Years Detention Aerated 100

Debris Basin Structures

25 Years Above riser Aerated 30
Below riser Submerged 70

Erosion Damage

Land destruction by valley trenching was determined by comparing the
positions of headcuts shown on aerial photographs taken in 1950 and 1963.

MR N 1 I




Acreage computations reflect ultimate total width of the gully after
widening due to aging and length of time expected for destruction to occur
based on adjusted future rate of advancement.

Flood Plain Sedimentation and Scour Damages

The following sedimentation and scour damage investigations were made to
determine the nature and extent of physical damage to flood-plain land:

‘1. Observations were made along each of the valley cross sections,
making note of the depth and texture of sediment deposits, soil
conditions, sheet and channel scoured areas, stream channel
aggradation or degradation, and other factors contributing to
flocd-plain damages.

2. The approximate elevation of the original flood plain before
modern deposition or erosion began was determined for each
valley section.

3. Information on past physical damages was obtained through
interviews with landowners and operators.

4. Damage tables were developed to show percent damage to pro-
ductive capacity of the flood-plain soil, by depths for scour
and by texture and depth for deposition. Adjustments for
recoverability of productive capacity for each damage category
were made on the basis of information obtained from landowners
and operators and from field studies,

5. The damage areas were measured and data tabulated for each
valley segment, and summarized for each evaluation reach.

6. Using the average annual erosion rates as a basis, the average
annual volume of sediment produced above the area damaged was
estimated for without project conditions, with land treatment
applied, and with structural measures installed. These volumes
were used as a basis for estimating the average reduction of
overbank deposition in the watershed. GScour damage reductions
are based on reductions of depth and area inundated for with
project conditions.

Lake Nocona Reservoir Sedimentation

Physical damage to Lake Nocona due to sedimentation was determined by using
the sediment source data developed for estimating sediment accumulation in
floodwater retarding structures. A detailed sedimentation survey of the
reservoir was not made during these investigations since it is almost impos-
sible to obtain reliable rates of sedimentation from such relatively new
reservoirs.

4a;21918 6-68
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Sediment Damages to Transportation Facilities

Damages to transportation facilities were based on past history of sedi-
mentation and the dates, amounts, and costs of repairs and/or reconstruc-
tion of facilities required as a result of sediment accumulation. Present
rates of accumulation along with field studies of affected facilities were
made and compared with the past damages to arrive at present and future
damages.

Channel Stability Studies

Channel investigations for stability studies were made in accordance with
suggested procedures outlined in Technical Release No. 25, "Planning and
Design of Open Channels,” December 15, 1964, USDA, SCS. A power soils
auger was used in making necessary field studies. A laboratory analysis
was made of representative samples of soil selected in the field.

Description of Problems

The mainstem valley of PFarmers Creek is located in cohesive residual and
bedrock materials of the Cisco and Wichita series, with the upper reaches
of the mainstem and most major tributaries being located on non-cohesive
sands of the Trinity group. The original alluvium consisted mainly of
cohesive sandy clays (CL) and clayey sands (SC). Modern alluvium con-
sisting mainly of silty sand (SM) materials has accumulated im depths
ranging from 8 to 12 feet in all of the major valleys and on the mainstem
upstream of Lake Nocona. Modern lenmticular clays and clayey deposits
occur in the depressions formed between the prominent natural levees of
the stream channel and the valley margin.

Most of the stream channels are unstable. Conditions range from severe
degradation to aggradation (figure 6). This condition is best illustrated
at VS-7 upstream of Lake Nocona where the channel has degraded through 6
feet of modern sandy alluvium and approximately 10 feet of original clayey
alluvium and into cohesive bedrock materials. Immediately upstream at
V5-8 the channel is completely filled. West Farmers Creek channel is
degrading in its lower reaches, stable or relatively stable in the central
reaches, and aggrading in the upper reaches. Similar conditioms are found
on the other channels.

The improved chanmnel is located on alluvial and residual clays which occur
-in and under the natural depressions on the outer margins of the flood

plain, All of the mainstem downstream of its confluence with West Farmers
Creek is located on cohesive materials except where the alignment required
crossing the silty sand. These cohesive soils have a plasticity index of

20 or higher and non-scouring velocities of 5.5 feet per second, Weak
cohesive and non-cohesive sandy alluvium and bedrock materials are encoun-
tered on all improved segments upstreawm of the West Farmers Creek confluence,
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The Dgp grain size of these materials is 0.2 millimeters, with a non-
scouring velocity of 1.7 feet per second.

The Schoklitsch bedload transport equation indicates that some degree of
instability might occur in certain segments of both improved and unimproved
channels., Degradation is indicated in the following segments: immediately
dewnstream of Site 1 to vicinity of v8-21, downstream of F.M. Road 1815
bridge to vicinity of VS-17, downstream of Site 5 to vicinity of VS-D-2,
and the lower reach of Redbud Creek., Aggradation is indicated in improved
segments of the channel downstream from the degrading segments. The bed-
load transport equation indicates that sediment may accumulate at a rate

of 10 acre-feet annually. All of the improved channels will be located

in Bermudagrass pastures. Side slopes of 4 to 1 were planned to encourage
the rapid re-establishment of vegetation. The ensuing protection afforded
by this vegetative lining is expected to reduce degradation, which in turn
will reduce aggradation.

It is expected that the existing overfalls immediately upstream from
Lake Nocona will become inactive after the reservoir has filled to its
expected capacity; therefore, there should be no adverse effect upon the
improved channel from stream bank degradation,

Geologic Investigations

Preliminary geologic investigations were made at each structure site.
These investigations included studies of exposed geologic formations and
structure, valley slopes, alluvium, and channel banks. Reports of the
investigation were made as outlined in Chapter 6 of National Engineering
Handbook, Section 8, "Engineering Geology," USDA, SCS, and Chapter 6 of
"Guide to Geologic Site Investigations," South Regional Technical Service
Area, EWPU, USDA, SCS, July 1965,

Geologic Problems

Sites 9 and 10 are located on sandstone and redbed shales of the Cisco
series. Materials classified as CL, CH, and SC predominate. Modern
silty sand (8M) alluvium derived from sands of the Trinity group upstream
of the sites occur to depths of 5 or & feet in the valleys. The original
alluvium is dominantly clayey with some basal gravel deposits noted at
Site 10. Moderately hard sandstone occurs in the emergency spillway of
Site 9. :

Sites 1 through 8 are located in sandstones of the Trinity group. This
sandstone is soft to moderately soft, poorly cemented, fine grained, and
massive bedded. Occasional thin beds and lenses of clay occur. The
valleys at Sites 2, 3, and 4 have been deeply entrenched. Clayey alluvium
(CL and SC) with beds of silty sand (SM) is exposed in depths of more than
30 feet. Shaping of banks will be required at these sites. Sites 1, 5,
6, 7, and 8 are located in severely aggraded valleys. High water tables
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are expected at these sites. Drainage measures will be required. Materials
classified as SM, SC, CL, and ML occur in the borrow areas of these sites.

- Economic Invesgtigations

Basic methods used in the economic investigations and analyses are out-

lined in the "Economics Guide for Watershed Protection and Flood Prevention,"
USDA, S5CS, March 1964. The flood plain, because of the diversity of
damageable values and flood-plain characteristics, was divided into two
agricultural reaches, one above and one below Lake Nocona.

Agricultural damage estimates were based upon information obtained by
interviewing landowners and operators of approximately 25 petrcent of the
acreage of the flood plain., This sample was considered adequate and repre-
sentative for the economic evaluvation. Schedules covered past, present,
and intended future use, crop distribution under normal conditions,
planting dates, yields, historical data on flooding and resultant damages
to crop and pasture, as well as other agricultural damages such as loss

of fences, farming equipment and livestock. Supplemental information
pertaining to crop yields, as well as trends in crop production and farming
operations, was obtained from agricultural workers in the area, The present
land use of all the land in 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 depth increments and seasons of
flooding in the historical series, 1940-1964, inclusive, An adjustment

was made to take into account the effect of recurrent flooding when

several floods occurred during the same crop year.

The monetary value of the physical damage from erosion and from deposition
of infertile sediment upon formerly fertile bottomland was based upon

the value of production lost, and the value of recovery from this damage
was discounted in accordance with length of time required for complete
recovery,

Indirect damages, involving such items as additional travel time for
farmers and others; re-routing of general traffic, school buses, and mail
deliveries; and interruption of transportation schedules and the regimen
of both farm and city dweller alike, were estimated to approximate 10
percent of the direct damage,

Average annual damages within the watershed were calculated for conditions
. without a project, with planned land treatment only applied, and after
installation of the complete project.

. The difference between the damage after the installation of a phase of a
project and that before its installation constituted the benefit Ffrom
reduction of damage creditable to that phase.
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Owners and operators, when interviewed, were asked if they would make any

changes in their operations if protection from flooding were provided.

They indicated that they would manage approximately 1,380 acres of pasture-
- land more intensively, primarily by proper fertilization and noxious plant

control. Acreage of crops subject to acreage allotment is not expected

to increase as a result of the project.

Damage calculations for both with and without project conditions were
based upon studies made of the effect of sediment accumulation upon the
dependable yield of required amounts of municipal water by Lake Nocona.
Benefit to the project represents the difference in the annual amount
which need be placed in a sinking fund in order to accumulate sufficient
capital to replace that storage capacity lost to sediment under without
and with project conditions.

Calculations of damages to roads and bridges for both with and without
project conditions were based upon the remaining useful life of these
facilities expected under both conditions, The benefit represents the
difference between annual maintenance and replacement cost under those
conditions,

Incidental recreat ion benefits were evaluated for sediment pools of flood-
water retarding structures. In accordance with Watersheds Memorandum-57.
October 3, 1962, a value of 85 cents per visitor-day was used for evalua-
tion purposes since it is expected that basic facilities available will be
between the undeveloped and partially developed categories.

Benefits were calculated allowing for full level of use and attractiveness
for 40 years, with a gradual diminishing of usefulness for the next 10
years to zero, and then no benefits for the duration of the evaluation
period,

All project benefits, other than those which occur immediately following
project installation, such as reduced damages from flooding, were dis-
counted for lag in accrual.

Values of secondary benefits of a local nature only were calculated in
accordance with interim procedures outlined in Watersheds Memorandum-57,
October 3, 1962. These benefits were considered as either (1) stemming
from the project, or (2) induced by the project. Benefits stemming from
the project were estimated to be at least 10 percent of the direct primary

. benefits accruing to the structural measures included in this plan. Sec-
ondary benefits induced by the project were estimated to be 10 percent of
the additional cost expended to achieve increased production as a result

. of the project.

The value of easements was determined by local appraisal, giving full
consideration to current real estate market values. The value of produc-
tion lost in the pool areas as a result of the project was calculated.

4-21418 10-66
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It was considered that sediment pools would yield no agricultural preduc-
tion., Land needed for detention pools was expected to be used for inter-
mittent grazing after program installation. This average annual loss of
production, plus secondary losses therefrom, was compared with the
amortized value of easements. The easement value was found to be greater
and therefore was used in economic evaluation, in the interest of a
conservative analysis,

Fish and Wildlife Investigations

The following is reproduced from the reconnaissance survey report for
the Farmers Creek watershed prepared by the Bureau of Sport Fisheries
and Wildlife of the Fish and Wildlife Service, U. S. Department of
Interior:

"Lake Nocona is the only fish habitat of importance in the
watershed, Principal sport fish are white crappies, large-
mouth bass, and catfishes. The lake is open to free public
fishing and sport fishing is heavy. These conditions are
expected to prevail in the future without the project.

"There is no commercial fishing in the watershed nor is any
expected in the future.

"With the project, farm ponds and floodwater retarding reservoirs
will reduce the amount of sediment deposited in Lake Nocona
thereby improving the fish habitat and prolonging the life of
that lake. The ponds and reservoirs also will create more

good fish habitat in the watershed,

"Wildlife of importance in the watershed are bobwhites,
mourning doves, fox squirrels, cottontails, jackrabbits, rac-
coons, and bobcats.

"Bobwhites and mourning doves are hunted heavily. Fox squirrels
and rabbits also provide a substantial amount of hunting, :
Hunting for raccoons and bobcats with dogs is especially popular.
Most of the hunting is done by landowners and their friends.
Without the project, the above conditions are expected to pre-
vail in the future with few significant changes.

"There is no trapping of fur animals in the watershed and none
is expected in the future.

"With the project, Iand treatment measures such as range and
pasture proper use, range deferred grazing, critical area
planting, and pasture planting will improve habitat for most
species of upland game. Farm ponds, floodwater retarding
structures, and sediment debris basins will be used as resting
habitat by waterfowl during periods of migration.

4~-21918 10656
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"Brush and weed control and clearing for farm ponds, floodwater
retarding structures, sediment debris basins, and channel
improvement will destroy wildlife habitat.

"An opportynity exists in the watershed to develop a good quality
fishery, improve wildlife habitat in some areas, and minimize
losses of wildlife habitat in other areas,

"During the construction of farm ponds, floodwater retarding
structures, and sediment debris basins, and the enlargement

of the stream channel, clearing of timber should be kept to an
absolute minimum, To promote fertility and reduce turbidity,
the basins of ponds and floodwater retarding reservoirs should
be disked and planted to small grains adaptable to the area
upon completion and prior to the storage of water. When practi-
cable, the farm ponds and floodwater retarding structures
should be fenced to prevent damage to the dam and muddying of
the water by livestock, A watering device, if required, should
be installed below the dam and outside of the encleosure,

"Lands adjacent to the periphery of farm ponds and floodwater
retarding structures should be sowed in grass to prevent soil
erosion and deposition of silt into the basins of these impound-
ments.

"The farm ponds and floodwater retarding reservoirs should be
stocked only with fish species recommended by the Texas Parks
and Wildlife Department. Subsequent stocking of fish should
be undertaken only when recommended by that Department,

"Further improvement of wildlife habitat could be achieved by
the planting of wildlife food and cover plants on eroded areas,
gullies, steep banks, and in strips along fencerows and drive-
ways. Such plantings would provide food and cover for wildlife
and additionally serve as windbreaks, prevent erosion, and
beautify the landscape.

"It is recommended:

"l. That clearing of timber be kept at a minimum during
construction of the farm ponds, floodwater retarding
structures, and sediment debris basins.

"2. That the stream improvement plans allow for the
retention of as much woody vegetation as possible
along the stream bhanks.

"3. That the basins of farm ponds and floodwater retarding
structures be disked and planted to small grains adapt-
able to the area upon completion and prior to storage
of water.

4-215878 10 -66




A4-21918 1D-66

Ilz".

"5 -

"6-

That, when practicable, the floodwater retarding
structures and farm ponds be fenced and, if
necessary for livestock watering, a watering device
be installed below the dam and outside of the fenced
qnclosure.

That lands adjacent to the periphery of farm ponds
and fleodwater retarding structures be planted into
grass to prevent soil erosion and runoff of silt
into the basins of these impoundments.

That farm ponds and other structures be stocked with
fish uvpon the advice of the Texas Parks and Wildlife
Department,

That eroded areas, gullies, steep banks, and strips
along fencerows and driveways be planted with plants
that are of value to wildlife for food and cover and
which also will prevent soil erosion, provide wind-
breaks, and beautify the landscape."
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