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WATERSHED WORK PLAN AGREEMENT

between the

McLennan County Soil Conservation District
Local Organization

- Navarro-Hill Soil Conservation District
Local Organization

v 1.imestone-Falls Soil Conservation District
Local Organization

Mclennan and Hill Counties Tehuacana Creek Water

Control and Improvement District No. 1

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

and the

Soil Cornservation Service
United States Department of Agriculture
{hereinafter referred to as the Service)

Whereas, appliication has heretofore been made to the Secretary of
Agriculture by the Sponsoring local Ovganization for assistance in pre-
paring a plan for works of improvement for the Tehuacana

Creel Watershed, State of  Texas
under the authority of the Watershed Protection and Flood Prevention Act
(Public Law 566, 83d Corgress: 68 Stat. 666), as amended by the Act of
August 7, 1956 (Public lLaw 1078, 8athk Congress; 70 Stat. 1088) ; and

Whereas, the responsibility for administration of the Watershed
Protection and Flood Preven:ion 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 Tehuacana

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

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




Now, therefore, in view of the foregoing considerations, the Sponsor-
ing Local Organization and the Secretary of Agriculture, through the
Service, hereby agree on the watershed work plan, and further agree that
the works of improvement as set forth in said plan will be installed,

within 2 years, and operated and maintained substantially
in accordance with the terms, conditions, and stipulations provided for
therein.

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

1. The Sponsoring Local Organization will acquire without cost
to the Federal Government suchk land, easements, OT rights-
of-way as will be needed in connection with the works of
improvement. (Estimated cost ] 812,702 )

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

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

Sponsoring
Works of Local Estimated
Improvement Organization Service Construction Cost
{percent) {percent) (dollars)
31 Floodwater Retarding
Structures 0 oo 2,297,732
11.7 Miles Channel
0 1001 760,881

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

The Service will bear the cost of all installation services
applicable to works cf improvement for flood prevention.
(Estimated cost $ 1,015,475 J)

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

The Sponscoring Local Organization will bear the cost of
all installation services applicable to works of improve-
ment for nonagriculturai water management. {(Estimated
cost § L}

The Sponsoring Local Organization will bear the costs of
administering contracts. (Estimated cost $ 16,007 )

The Sponsoring Local Organization will obtain agreements

from owners of not less than 50 percent of the land above
each floodwater retarding structure that they will carry

out conservacion farm or ranch plans on their land.

Tke Sponsoring local Orgarization will provide assistance
to landowners and operators to assure the installation of
the land treatment measures shkown in the watershed work
plan,

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

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

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




11. This agreement does not constitute a financial document
to serve as a basis for the cobligation of Federal funds,
and financial and other assistance to be furnished 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 construction cost
of works of improvement, a Separate agreement in connection
with each construction contract will be entered into between

» the Service and the Sponsoring Local Crganization 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 app’icable to the specific works of
improvement,

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

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

McLlennan County Soil Conservation DMstriet

Local Qrganization
BY/E;;23a.;Ja,f_)<£Z»111f1;4r>¢/d,/7
Titie %
Dake /7[/2 f}'/rﬁ_f

The signing of this agreement was authorized by a resolution of the govern-
ing body of the McLennan County Soil Conservation District
Local Organization

adopted at a meeting held on fM /L],L/ /95 7

{Secr%yéry. Local Organizatior#f

Date W:ze; /G5 9

<




Navarro-Hill Soil Conservation Distriet
Local Organization

w . WW@V
- Title %—M/ﬂwﬁf/
Date ,4!- A 7. S/?

The signing of this agreement was authorized by a resolution of the
governing body of the Navarro-Hill Soil Conservation District

Local Organization

adopted at a meeting held on 4¢/; ;Z 4Z'~_ gjﬂj§?

T Lot ooty

(Secretary\\%ocaz70rganlzatlon)y

Date @,m& 27 /957

Limestone-Falls Soil Conservation District
Local Organization

b I il ) 272,75 L0t 2
Title CL{%LQ«Lmjuq/uwiauA;)
vace _ 4/25 /55

The signing of this agreement was authorized by a resolution of the
governing body of the Limestone-Falls Soil Consgervation District

ocal Opganization
’ adopted at a meeting held on Aééii/}
%%/é//f%;/

424;)£ {Secretar Local Organization)
Date Z7/' ?'7 /<J?
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McLennan and Hill Counties Tehuacana Creek Water
Control and Tmprovement District No. 1

Local Organization
By Ko j\/gm
Title (D/%t:
Date {%érdié Z f f% 4 2‘5’2

o The signing of this agreement was authorized by a resolution of the govern-
ing body of the McLennan and Hill Counties Tehuacana Creek Water Control and

LocalsOrganization Improvement DIistrict No. 1
adopted at a meeting held on W /5%’ /75 ?

(Secretary, Lq@al Organization)

Date W ‘R ?; /?Sﬁf

Local Organization

By

Titie

Date

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

Local Organization

adopted at a meeting held on

( Secretary, Local Organization)

Date

Soil Conservation Service
United States Department of Agriculture

By

Administrator

Date
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SECTION 1

WATERSHED WORK PLAN
TEHUACANA CREEK WATERSHED

McLennan, Hill, and Limestone Counties, Texas
November 1958

SUMMARY OF PLAN

General Summary

The work plan for Tehuacana Creek watershed, Texas,was prepared by the
McLennan County Soil Conservation District, Navarro-Hill Soil Conservation
District, Limestone-Falls Soll Conservation District and the McLennan and
Hill Counties Tehuacana Creek Water Control and Improvement Digtrict No. 1,
as the local cosponsoring organizations. Technical assistance was provided
by the United States Department of Agriculture.

The watershed work plan covers an area of approximately 307 square miles,

or 196,480 acres, in McLennan, Hill, and Limestone Counties, Texas. Approxi-

mately 57.2 percent of the watershed 1s cropland, 35.6 percent is grassland,
4,9 percent woodland, 0.9 percent FPederally-owned land, and 1.4 percent is
in miscellaneous uses such as stream channels, towns, roads, railroads,
and gravel pits.

Federally-owned land in the watershed consists of 1,852 acres at James
Connally Air Force Base.

The work plan proposes installiation during an 8-year period a project for
the protection and development of the watershed at a total estimated
installation cost of $6,572,418, The share of this cost to be borne by
Public Law 566 funds will be $4,212,882. The remaining $2,359,536 will be
borne by local and other funds.

Land Treatment Measures

The cost for land treatment measures is estimated to be 51,669,578, of
which the share to be borne by other than Public Law 566 funds is
$1,530,834. It is estimated that $101,256 will be available from the
Public Law 46 going program for technical assistance. The share to be
borne by Public Law 566 funds, consisting entirely of accelerated techni-
cal assistance, is $138,744, The land treatment program wili be installed
over an eight-year period.

Structural Measures

The structural measures included In the plan consist of 31 floodwater
retarding structures and 11.7 miles of channel improvement.. The 31




structures will have a total capacity of 75,306 acre-feet of fioodwater
detention and sediment storage. The total cost of these measures is
$4,902,840, of which the local share is $828,702 and the Public Law 566
share is $4,074,138. The local share of the cost of structural measures
includes: land, easements, and rights-of-way, 98.1 percent, and administer-
ing contracts, 1.9 percent. The structural meagures will be installed over

a five-year period.

Damages and Benefits

The estimated average annual floodwater, sediment, flood plain erosion

‘ and indirect damage without the project is $399,760, computed at long-term
price levels. The estimated average annual damage with the project Installed,
ipcluding Iand treatment and structural measureg, 1s $52,374, a reduction of

86.9 percent.

The average annual primary benefits accruing to structural measures are
$323,067, which are distributed as follows:

Floodwater damage reduction $236,707
Sediment damage reduction 28,072
Flood plain erosion damage reduction 8,694
Indirect damage reduction 27,348
Benefits from changed land use 19,637
Benefits from ocutside project area 2,609

The ratio of the average annual benefit, $323.067, to the average annual
cost of structural measures, $192,364, is 1.7 to 1.

The total benefits from land treatment measures were not evaluated {in mone-
tary terms since experience has shown these soil and water conservation

meagures produce benefits In excess of their costs.

Provisions for Financing Construction

The Mclennan and Hill Counties Tehuacana Creek Water Control and lwprove-
ment District No. 1 has powers of taxation and eminent domain under
applicable state laws. This district will administer the contracts for

- the structural measures listed in the pian. Funds fo- financing the
local share of the project will be raised by a2 proposed district-wide ad
valorem tax.

Operation and Maintenance

land treatment measures will be installed, operated, and maintained by
the landowners and operators of the farms under agreement with the
McLennan County, Navarro-Hill, and Limestone-Falls Soil Conservation
Districts.

Under terms of an operations and maintenance agreement to be executed, the
31 floodwater retarding structures and 11.7 miles of channel improvement
will be operated and waintained by the McLennan and Hill Couties Tehuacana
Creek Water Control and Improvement District No. 1.




DESCRIPTION OF THE WATERSHED

Physical Data

Tehuacana Creek heads near the town of Penelope in southern Hill County and
flows southward for approximately 21 miles to its confluence with the Brazos
River, 5 miles east of the city of Waco, McLennan County, Texas. The
principal tributaries are Brookeen, Rice, Elm, Little Tehuacana, Wolf,
Roberts, Williams, and Tradinghouse Creeks. The area of the watershed is
307.00 square miles (196,480 acres).

The topography ranges from nearly level along the alluvial valley to steeply
sloping in the upland areas. Elevations range from 380 feet to 720 feet
above mean sea leval. The flood plain of Tehuacana Creek is well defined

and consists of 18,922 acres, including 1,53% acres of stream channels. The
flood plain as discussed here is the bottom land area inundated by the runoff
from the 25-year frequency storm, based on gage records.

The watershed lies entirely within the Blackland Prairies Land Resource Area
and is underlain by geological formations of the Taylor and Austin groups.
Lying within this area are scattered outcrops of the Wolf City sand and
Durango sand formations which give rise to soils of the Wilscn and Crockett
series that are locally called "greyland”. These scattered areas are
charactervized by some post-oak timber and very slowly permecable soils. The
majority of the watershed, however, is underlain by sandy skales and marly
clays of the Taylor group which give rise to clay soiis of tire Heuston,
Houston Black and Trinity series. These soils ate deep and slowly permeable.
Near the north boundary of the watershed, there is an outcrop of rre Austin
chalk formation and some soils of the Austin series whnich are mocerately
deep to shallow and moderately permeable. The Taylior formation comprises
approximately 95 percent of the watershed withk the remairing 5 percent
consisting of the Austin formation. The soils tkroughout t e watershed

are in fair to poor physical condition.

The overall land use for the watershed is as follows:

Lavd Use Acres Percent
Cropland 112,304 57.2
Grassland 69,996 35.6
Woodland 9,620 4.9
Federally-Owned Land 1.852 0.9
Miscellaneous 1/ 2,711 1.4
Total 196,480 100.0

1/ 1Includes road, highway, and railroad rights-of-way; urban
areas; etc.

Land use in the flood plain is as follows: 57.1 percent in cultivation:
26.2 percent in pasture; l4.1 percent in woods; and 2.6 percent in
miscel laneous uses.




The Rolling Deep upland site is the only range site in the watershed. The
s0ils in this site are the Wilson-Houston Series on slopes of 3 to 5 percent.
The original climax vegetation consisted of big bluestem, Indiangrass, little
bluestem, switchgrass, and eastern grama grass. The present cover condition
in this range site is good to fair.

The mean annual rainfall is 35.0 inches as recorded at U. S. Weather Bureau
gages at Waco, Hillsboro, and Mexia, over a 20-year period. The monthly
average ranges from I 76 inches in August to 4.46 inches in May. Average
temperatures range from 85 degrees Fahrenheit in the summer to 47 degrees
in the winter. The normal frost-free period of 244 days extends from March
11 to November 10.

Water for livestock and rural domestic use is obtained from surface ponds
and wells.

Economic Data

The watershed is well suited to crop production and supports a rather inten-
sive agriculture. Cash crop production predominates, with cotton, corn,
grain sorghum, and small grains being the most important crops. There are
also several beef cattle and dairy enterprises within the watershed. The
average size farming unit is approximately 170 acres. Approximately 60
percent of the farm operators who live on the farm supplement their income
with outside employment in nearby cities and militaxy insraliations. A
iarge gravel pit with annual operations in excess of one miliion doilars

1s located in the southern part of the flood plain.

West, population 2,130, Elm Mott, population 275, Axre:.l, popu.atiom 220,
ieroy, populaticn 250, Birome, population 50, and Hoen, population 40,
are wholly or partially within the watershed. Wacc, population 1.0 000,
which is the principal local market for farm products, is oxly a few
miles from the watershed. Fort Worth, 89 wiles norzh of Warco, is the
major market for livestock, though many animals are sol? and siaughtered
in Waco. These cities provide excellent marketing, educational, cultural,
recreational, and medical facilities for the peopie in the aves

The watershed is adequately served by 464 miles of roads, (14 of which are
paved (U. S. Highways 81, 77, and 84, State Highkways 3%, and 6, Farm to
Market Roads 308,737, and 939). Adequate rail faciliries are provided by
four railroads.

WATERSHED PROBLEMS

Floodwater Damage

Flooding occurs frequently on Tehuacana Creek and causes severe damage.
During the 20-year period, 1923 - 1942, there were 31 major floods which
inundated more than half of the flood plain (figure 1), as well as 39
smalier floods.




Flocdwater damage - Tehuacana Creek - Flood of April 23, 1957

Sediment and scour damage - Tehuacana Creek - Flood of May 11 & 12,
1953
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v'oland ér.siun damoge - Tehuatona Creek - Rains of May 11 & 12, 1953
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For the floods experienced during the period studied, the total direct agricul-
tural and nonagricultural floodwater damages under present conditions were
estimated to average $294,895 annually at long-term price levels, of which
$239,766 is crop and pasture damage, $20,796 is other agricultural damage,

and $34,333 is nonagricultural such as damage to roads, bridges, railroads,

and gravel pits. Indirect damage such as interruption of travel, rerouting

of school bus and mail routes, losses sustained by business in the area, and
similar losses are estimated to average $36,342 annually.

The 501l Conservation Service has published a special storm report describ-
ing the effects of the storm of May 11 - 12, 1953 on the Tehuacana Creek
watershed. The entire flood plain was inundated by the floodwaters from
this storm. This one flood alone caused an estimated $898,300 damage, at
1952 prices. Similar recent floods occurred in May 1956, April and May
1957, and May and August 19538.

Sediment Damage

Damage by overbank deposition is moderate to severe in the watershed. Erosion
in the upland areas of the watershed has resulted in deposition of fine tex-
tured silty clays and clays with some thin deposits of fine sand. The produc~-
tive capacity has been reduced from 10 to 50 percent on an estimated 10,009
acres of flood plain by this process. The area affected by overbank deposi-
tion is as follows:

Acres Damaged

Evaiuation: Damaged : Damaged : Damaged : Damaged : Diamaged
Reach : 10 pexcent : 20 percent: 30 percent: 4Q percent: 50 percent: Total
{Figure 1
A 52 183 239 670 0 1,144
B 422 395 336 356 0 1,509
C 868 341 708 242 0 2,159
D 530 384 771 216 25 1,936
E 304 594 1,646 717 0 3,261
Total 2,176 1,897 3,700 2,201 35 10,009

The estimated average annual monetary damage by overbank deposition is
$57,270 at long term price levels. .

Erosion Damage

Erosion rates in the upland areas of the watershed are moderate to high. The
northern half of the watershed has high erosion rates due to steep siopes, a
predominance of row-crop farming, and inadequate conservation treatment. The
erosion rates are lower in the southern half of the watershed since more

land is in pasture and slopes are generally less than two percent.

Sheet erosion is the major process in the upland areas of the watershed,




accounting for 93 percent of the annual gross erosion. Gully and streambank
erosion account for 7 percent. The average annual rate of upland gross
erosion is 4.04 acre-feet per square mile. This rate varies from 4.82 acre-
feet per square mile in the northern half of the watershed to 3.20 acré-feet
per square mile in the southern half of the watershed.

Flood plain scour erosion is moderate in the watershed. It is estimated
that 3,305 acres are being damaged annually by this process. The productive
capacity of the flood plain soil has been reduced from 10 to 40 percent by
scour. Flood plain scour damage by evaluation reaches 1is as follows:

Acres Damaged

Evaluation . Damaged : Damaged : Damaged : Damaged
Reach : 10 Percent : 20 Percent: 30 Percent: 40 Percent: Total
(Figure 1)
A 288 118 18 0 424
B 505 &7 60 13 665
C 155 198 74 0 427
D 450 101 71 43 665
E 661 306 130 27 1,124
Total 2,059 810 353 83 3,305

The estimated average annual monetary damage by flood plain scour is $11,253
at long-term price levels.

Problems Relating to Water Management

There are several Water Control and Improvement Districts in the area which
are organized to provide adequate water supply for the towns of Leroy, Elm
Mott, Axtell, Hoen, Lacy-Lake View, and Hallsburg. This water comes from
deep wells drilled in the Trinity group.

There is ilittle activity relative to drainage; irrigation, or other agricul-
tural water management in the watershed. Two landowners in reach C {(figure 1)
have been granted appropriations for a tota] of 725 acre-feet of water for
non-consumptive use by the State Board of Water Engineers. Several land-
owners are irrigating from wells.

The planned works of improvement will have no detrimental effects on any
water supply in the watershed. ’

EXISTING CR PROPOSED WORKS OF IMPROVEMENT

The Tehtuacana Creek watershed is served by Soil Conservation Service work
units at Waco, West, and Hubbard assisting the McLeunnarn County, Navarro-Hill
and Limestone-Falls Soil Conservation Districts. These work units have
assisted farmers in preparing 557 basic and progressive soil and water conser-
vation plans on 103,449 acres, representing 54 percent of the agricultural




10

land within the watershed, and have given technicai guidance in establishing
and maintaining planned measures.

Major interest in flood prevention by people within the watershed dates back
to the early thirties when a study of channelization from the Mclennan-Hill
county line to the mouth of Tehuacana Creek was made. Nothing ever came of
this because many of the landowners felt there was a better way of doing it.
The thinking of these people was probably influenced to a great extent by
the low prices received for farm products at that time. Only minor efforts
have been wmade to prevent or control floods in the Tehuacana Creek watershed,
A few attempts to control floods by individual landowners by enlargement

and straightening of stream channels and construction of levees have been
made with little effect on flood damage.

The New Mart Lake has been used for municipal water supply in the past but
is presently being used only as a standby supply and for recreational
purposes. It will be converted to a floodwater retarding structure.

The Corps of Engineers is authorized by the Flood Control Act of 1954 to
construct six reservoirs, in addition to the previocusly authorized Whitney
and Belton Reservoirs, in the Brazos River Basin. The Whitney and Belton
Reservoirs have been constructed; Waco Reservoir on the Bosque River is
under construction; and the Proctor Reservoir on the leon River and Lampasas
Reservoir on the Lampasas River are in the advanced planning stage. None of
these reservoirs will affect the Tehuacana Creek watershed except as they
may have a backwater effect in reducing peak fiows in the Brazos River.

The Public Law 566 project will complement the Corps of Engineers Reservoilrs
by providing needed protection to flood plain lands on Tehuacana Creek
which would not be provided by the Corps' projects. Benefits to flood

plain of the Brazos River below the confiuence witr Tehuacana Creek were
computed from the reduction in damages remaining after ail of the Corps’
projects are constructed.

The Bureau of Reclamation, USDI, is currently making a study of the Brazos
River Basin to determine feasibility of irrigation along the mainstem and
its tributaries. The Tehuacana Creek watershed is wit%in the area covered
by this investigation.

WORKS OF IMPROVEMENT TO BE INSTALLED

Land Treatment Measures for Watershed Protection

An effective conservation program based upon the use of each acre of
agricultural land within its capabilities and its treatment in accordance
with its needs, such as is now being carried out by the McLennan County,
Navarro-Hill, and Limestone-Falls Soil Conservation Districts, is necessary
for a sound flood prevention program on the watershed. Basic to reaching
this objective is the establishment and maintenance of all applicable soil
and water conservation and plant management practices essential to proper




11

Terracing, contour cultivation and stuhbble mulching.

Conservation crop rotation - Hubam clover for soil {mprovement.

Firu- Ay
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land use. Emphasis will be placed on accelerating the establis'ment of land
treatment practices which have a measurable effect on t4e reduction of flood-
water, sediment, and erosion damages.

Approximately 113,907 acres of the total watershed area of 196,480 acres lie
above the planned floodwater retarding structures. ILand treartment is especial-
ly important for protection of these watershed lands to support and supplement
the structuraf measures. Land treatment constitutes tre only planned measures
on the remaining upland arvea. Land treatment measures on tre 17,390 acres

of fiood plain lands are alse¢ important in reducing floodwater and erosion
damages.

The amounts and estimared costs of the measures that will be instalied by
the landowners and operators are shown in table 1. The estimared total cost
of planning and installing these measures is $1, 669,575, including $138,744
for the acceleration of technical assistance during the 8-vear installatiom
period to help owners and operators to plan and speesd up Che application of
conservation practices. Landowners and operators wili maintain tiese
measures in accordance with provisions of the farmer-district cooperative
agreements with the McLennan County, Navarro-Hill, an¢ fimestonme-Falls Soil

Conservation Districts.

Land treatment measures wili decrease erosion damage and sediment production
from fields and pastures by providing improved soil-~ove~ conaitions. These
measures include conservation cropping systems, cover creopping, use of
rotation hay and pasture, crop residue utilization. gul.)y stabirization, and
pasture planting to establish good cover on grassiand an’ formerly cultivat-
ed lands. They also include brush control to allow grass to improve and
repface the poor brush cover; construction of farm ponds to p-ovide adequate
watering places to prevent cover deskroying secasona' concentratiors of
livestock; and proper use and deferred and rotatior grazing ol grass land

to provide improvement, protection, and maintenance oI grass stands. These
measures also effectively improve soil conditions whic- al.ow rainfaii fto
soak into the soil at a more rapid rate.

In addition to the soil improvement and cover measures. !and toeatmant
inciundes contour farming, terracing, diversion comstructizn, and the water-
way development necessary to serve these measures, ail of whicn have a
measurable effect in reducing peak discharge by siowing the t.moft of
water from watershed lands. These measures aiso help the soil improvement
and cover measures to reduce erosion damage and selimsat production.

Structural! Measures

A system of 31 floodwater retarding structures and 11.7 miies of chaanel
improvement will be installed in the watershed to provide needed protection
for flood plain land that cannot be attained by the land rreatment msasures
described above.

This system cf structrures, when installed, will tempo:zarily detain runoff
from 58 percent of the total warershed. The 31 floodwater retarding
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TABLE 1 - ESTIMATED PROJECT INSTALLATTON COSTS l/
Tehvacana Creek Watershed, Texas
Price Base: 1958
Ko. tu ba Estimated Cost
: Applicd : Public Law
Installation Cost o Unit ;. Non-Federal 566 H Other ! Total
Item : : Laud : Funds : Funds :

(dollars)  (dollars)  (doiiars)

LAND TREATMENT FOR
Watershed Protection
§0il Cunservation Service

Cropland
Contour Farming Acre 21,401 - 42,802 42,802
Cover Cropping Acre 24,858 - 248,580 248, 580
Censervation Cropping System Acre 33,732 - 101,19 101,196
Crop Residue Utilization Acre 29,867 - 59,734 59,734
Diversion Construction Mile Zh - 8,580 8,580
Rotation Hay and Pasture Acre 4,939 - 49,390 49,390
Stabilization Measures Eacly 29 - 43,500 43,500
Terracing Mile 1,447 - 305,317 305,317
Waterway Davelopment Acre 1,515 - 9a, %00 90,900
FPasture
Brush Control Acre 3,487 - 103,220 103,220
Deferred Grazing Acre 780 - 780 780
Pasture Planting Acre 14,923 - 179,676 179,076
Fond Construction Each 288 - 129,600 129 600
Proper Use Acre 27,537 - 27,537 27,537
Rotation Grazing Acte 14,674 - 29,348 29,348
Range
Brush Control Acre 450 - 8,568 8,568
Deferred Grazing here 813 - 813 813
Range Seeding Aure 91 - 6537 637
Technical Assistance 138, 744 101,256 240,000
SCS Subrotal 138, 744 1,530,834 1,669,578
TOTAL LAND TREATMENT 138, 744 1,530,834 1,669,578
STRUCTURAL MEASURES
Soll Conmgervation Service
Floodwater Retarding Structores Na. 31 2,297,782 - 2,297,782
Channel Improvement Mile 11.7 76l BE1 - /60,881
Subtotal - Construction 3,058,663 - 3,058,663
INSTALLATION SERVICES
Soil Conservation Service
Engineering Servicea 6ll, 732 - 611,732
Other 403,743 - 403,743
SCS Subtotal i,015,475 - 1,015,475
Subtotal - lmstallation Services 1,015,475 - 1,015,475
OTHER COSTS
* Land, Easements, and R/W - 812,702 B12,702
Administration of Contracts - le,000 16,000
Subtotal - Orher - B28,702 828,702
TOTAL STRUCTURAL MEASURES 4,074,138 828,702 4,9G2,B40
TOTAL PROJECT 4,212,882 2,359,536 f,572,418
SUMMARY
Subtotal SCS 4,212,882 2,359,536 6,572,418
TOTAL FROJECT 4,217,882 2,359,536 6,572,418

1/ Nu works of lmprovement (o be installed on Federal lauds. (James tvnnally Air Force fase).

November 1958

Mot Fry.ng
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structures have floodwater detention capacity to detain an average of 6.04
inches of runoff from the watershed area above them, This is the equivalent
of 3.50 inches of runoff from the entire 196,480-acre watershed.

Figure 2 shows a section of a typical floodwater retarding structure. Figure
3 shows a typical improved channel section. The location of the structural
measures are shown on the Planned Structural Measures map, figure 4. The
11.7 miles of channel improvement will provide adequate channel capacity for
release flows from the floodwater retarding structures, plus capacity to
afford additional protection from runoff from the uncontrolled area. Of this
total, 2.6 miles of channel will be cleared and grubbed only, with the
remaining 9.1 miles requiring enlargement and straightening of the existing
channel. Channel clearing only will start at the confluence of Tehuacana
Creek and the Brazos River and will end at the confluence of Tehuacana and
Tradinghouse Creeks. Enlargement and straightening of Tehuacana Creek will
start at the confluence of Tehuacana and Tradinghouse Creeks and end at the
present confluence of Tehuacana and Cottonwood Creeks.

Site 27, known as New Mart Lake will be converted into a floodwater retarding
structure by lowering the present water level 2 feet, constructing a new
emergency spillway, and raising the top of the dam 0.3 foot above its original
height. The lake was constructed by the city of Mart in 1925 for municipal
water supply. A deep well has been used for water supply since 1951, with

the lake serving only as a standby supply.

The total estimated cost of establishing the structural works of improvement
is $4,902,840, of which $828,702 will be borne by local interests and
$4,074,138 will be bornme by Public Law 566 funds (table 1}).

The estimated annual equivalent cost of installation, $172,864, with an
estimated annual operation and maintenance cost of $19,500 makes a total
annual cost of $192,364.

Sufficient detention storage can be developed at all structure sites to make
possible the use of vegetative spillways, thereby effecting a substantial
reduction in cost over concrete or a similar type of spillway  All applicable
state water laws will be complied with in the design and construction of the
floodwater retarding structures.

BENEFITS FROM WORKS OF IMPROVEMENT

The general location of the areas to which the benefits from the combined
‘program of land treatment and structural measures will accrue are presented
in the fellowing table:

Evaluation Reach (figure 1}
A B C D E Total

Average Annual Area Flooded
Without Project - (acres) 2,701 3,354 8,120 6,489 8,074 28,738
With Project - (acres) 1,027 880 616 932 2,475 5,930
Percent Reduction - 62 74 92 86 69 79
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Figure 3
TYPICAL SECTION OF iMPROVED CHANNEL
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Evaluation Reach (figure 1) - Continued
A B C D E Total

Average Annual Area Subject

to Recurrent Flooding

With Project - (acres) 282 234 89 240 661 1,506
Area Flooded by Largest Storm

* Without Project - (acres) 1,721 2,352 4,012 2,950 5,245 16,280
Wwith Project - (acres} 1,028 1,123 2,420 1,572 2,900 9,043
Percent Reduction 40 52 40 47 45 44

Average Annual Damages
Without Project - (dollars} 38,548 39,986 137,167 52,632 131,427 399,760
Wwith Project -(dollars) 9,000 5,973 6,971 4,159 26,271 52,374
Percent Reduction 77 85 g5 92 80 87

The evaluation storm series for the period 1923 through 1942 contained 70

storms which would cause inundation of the flood plain under present conditions
at the smallest channel cross section. The following table shows a comparison
of the number of storms in the evaluation series which caused floodwater dsmage,
and the number which inundated more than half of the flood plain with and with-
out the project for each evaluation reach.

Evaluation Reach (figure 1)

A B C |} E

Floods in Evaluation Series (No.)

Without Project 70 65 70 70 70

With Project 65 59 20 64 70
Major Floods in Evaluation

Series (No.)

Without Project 28 28 41 45 28

Witk Project 4 0 2 1 0

The 10,009 acres damaged by overbank deposition end the 3,305 acres damaged by
flood plain scour (table 4) should be rendered productive again after they
have been protected from flooding and adapted soll improving crop rotations
have been established. A monetary reduction of 80 percent in sediment damage
will occur after the installation of a complete program with 31 percent
resulting from land treatment measures and the remaining 49 percent from
structural measures. A monetary reduction of 89 percent in scour damage will
occur after the installation of the complete program, with 12 percent due to
land treatment and the remaining 77 percent attributed to structural measures.

The installation of the planned land treatment program can be expected to
reduce the total annual upland gross erosion in the watershed from 1,129
acre-feet to 780 acre-feet, a reduction of 31 percent.

The estimated average annual floodwater, sediment, erosion; and indirect
damages within the watershed will be reduced from $399,760 to $52,374, a
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reduction of 86.9 percent. Approximately 92.2 percent,$300,821, of the expect-
ad reduction in the average annual damage would result from the system of flood-
water retarding structures and channel improvement.

Damage reduction benefits by type for each evaluation reach (figure 1} are
indicated in the following table: '

Benefit From Reduction in Damage

Evaluation Reach

. : A : B
Type of Damage : Total : Structural : Total : Structural

: Project : Measures : Project : Measures

(dollars) (dollars) (dollars) (dollars)

Crop and Pasture 16,254 15,023 18,206 16,929

Other Agricultural 2,621 2,269 4,073 3,583

Nonagricultural 2,687 2,293 3,658 3,209

Overbank Deposition 4,452 2,452 3,839 2,254

Flood Plain Scour 848 720 1,145 991

Indirect 2,686 2,276 3,092 2,697

Total 29,548 25,033 34,013 29,663
Percent of Total Damage Reduc-

tion by Structural Measures 84.72 87.21
Percent of Total Damage Reduc-

tion by Land Treatment Measures 15.28 12.79

Evaluation Reach
: C : D
Type of Damage : Total : Structural : Total : Structural
: Project : Measures : Project : Measures
{dollars} {dollatrs) {dollars) <{dolliars)

Crop and Pasture 95,164 87,946 25,185 23,491
Other Agricultural 1,932 1,707 5,931 5,280
Nonagricultural 4,000 3,533 6,230 5,574
- Overbank Deposition 14,595 9,623 5,388 3,446
Flood Plain Scour 2,669 2,374 1,332 1,181
Indirect 11,836 10,518 4,407 3,897
i Total - 130,196 115,701 48,473 42,869

Percent of Total Damage Reduc~-
tion by Structural Measures 8§8.87 88.44

Percent of Total Damage Reduction
by Land Treatment Measures 11.13 11.56

November 1958
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Benefit From Reduction in Damage - Continued
Evaluation Reach
: E :__Total All Reaches
Type of Damage : Total : Structural : Total : Structural
Project : Measures : Project : Measures
(dollars) (dollars) (dollars) (dollars)

Crop and Pasture 54,160 48,553 208,969 191,942
Other Agricultural 5,352 4,494 19,909 17,333
Nonzgricultural 14,520 12,823 31,085 27,432
Overbank Deposition 17,552 10, 297 45,826 28,072
Fiood Plain Scour 4,012 3,428 10,006 8,694
Indirect 9,560 7,960 31,581 27,348

Total 105,156 87,555 347,386 300,821
Percent of Total Damage Reduction

by Structural Measures 83.26 86.60
Percent of Total Damage Reduction

by Land Treatment Measures 16.74 13.40

November 1958

Owners and opsvators of flood plain lands say that if adequate flood protec-
tion is provided, they will restore land now in pasture or meadow to crops.
All of this land was in cultivation at one time, but is now used chiefly for
hay or pasture, because of the frequency of flooding. It is estimated that
net income from such restoration of land to former productivity will amount

to $55,089 (long-term price levels) annually. This loss from the original
production has been comsidered a crop and pasture damage and its restoration

a benefit in table 7. A smaller acreage, now largely in woods, will be cleared
and used for improved pasture and crops. The average znnual benefit from this
change in land use, after deduction of associated costs and discounting for
time needed for development. is estimated at $19,637. No increases in the
total acreage of allotment crops as a result of the project are included in
the estimate of benefits. Ther« is a shift of 975 acres of cotton from the
sites of structural measures to flood plain lands. However, the reduced

value of production within structural sites has been considered in the
development of project costs.

The total flood prevention benefits as a result of structural measures are
estimated to be $323,067 annually.

A reconnaissance study by the Fish and Wildlife Service, USDI, indicates
that, generally, either fish and wildlife resources will be benefited or
not materially affected by the watershed protection and flood prevention
measures planned. No fish and wildlife benefits were considered in project
justification,

COMPARISON OF BENEFITS AND COSTS

The average annual cost of the structural measures (converted from total
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installation cost, plus operation and maintenance cost) is estimated to be
$192,364. When the project is installed it is expected to produce average
annual benefits of $323,067. The project, therefore, will produce benefits
of $1.68 for each dollar of cost.

In addition, there are other benefits which will accrue from the project,
such as improved wildlife habitat, increased opportunity for recreation and

& sense of security, none of which have been used for project justification.

ACCOMPLISHING THE PLAN

Federal assistance for carrying out the works of improvement on non-Federal
land, as described in this work plan, will be provided under the authority
of the Watershed Protection and Flood Prevention Act (Public Law 566, 83rd
Congress; 68 Stat, 666, as amended by Public Law 1018; 84th Congress; 70
Stat. 1088).

Land Treatment Measures

The land treatment measures, {temized in table 1, will be established by
farmers over an 8-year period in cooperation with the Mclennan County,
Navarro-Hill, and Limestone-Falls Soil Conservation Districts which are
giving assistance in the planning and application of these measures under
their going program.

The 8-year installation period was considered justified because the present
high level of off-farm employment, brought about by the recent drought and
unusually favorable opportunities for such employment, will temporarily
retard the land treatment program. The long-time effects will be to
increase the financial ability of landowners and operators to accomplish
these measures, but certain measures will have to be deferred, Technical
assistance will be accelerated with Public Law 566 funds to assure applica-
tion of the planned measures within the 8-year installation period for the
project.

The governing bodies of the MecLennan County, Navarro-Hill, anc¢ the Limestone-
Falls 8So0il Conservation Districts will assume aggressive leadership in getting
an accelerated land treatment program under way, with the assistance of the
McLennan and Hill Counties, Tehuacana Creek Water Control and Improvement
District No. 1l in arranging for meetings according to a definite schedule.

By this means and by individual contacts, the landowners within the watershed
will be encouraged to adopt and carry out soil and water consetrvation plans

on their farms. District-owned equipment will be made available to tke land-
owners in accordance with existing arrangements for equipment usage in the
districts. The soil conservation district governing bodies will make, or
cause to be made, periodic inspections of the completed conservation measures
within the watershed. The Soil Conservation Service will assign additional
technicians and aids to the McLennan County, Navarro-Hill, and Limestone-Falls
So0il Conservation Distriets to assist landowners and operators cooperating
with the districts in accelerating the preparation and application of soil,
plant, and water conservation plans.
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The Extension Service will assist the educational phase of the program by
conducting general informg:ion and local farm meetings, preparing press,
radio, and television releases, and using other methods of getting informa-
tion to landowners and operators in the Tehuacana Creek watershed. This
activity will help to get both the land treatment practices and the structur-
al measures for flood prevention carried out.

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

The County ASC committees will cooperate with the governing bodies of the
soill conservation districts by selecting and providing financial assistance
for those ACPS practices which will accomplish the conservation objectives
in the shortest possible time.

Structural Measures for Flood Prevention

The McLennan and Hill Counties Tehuacana Creek Water Control and Improvement
District No. 1 has the right of eminent domain under applicable state law and
will obtain the necessary land, easements, and rights-of-way; provide necessary
legal, administrative, and clerical personnel, facilities, supplies, and
equipment to advertise, award, and administer contracts; and determine the
legal adequacy of easements, permits, etc., for the construction of the 31
floodwater retarding structures and 11.7 miles of channel Improvement included
in the plan. Funds for the local share of the project costs including land,
easements, rights-of-way, and administration of contracts will be raised
through a proposed district-wide ad valorem tax.

All of the proposed structural works of lmprovement are considered to be one
construction unit,

The estimated schedule of obligation for the complete 8-year installation
period, covering installation of both land treatment and structural measures,
is as follows:

Fiscal : : P.L. 566 : Other
Year : Measure :___ Funds : _Funds : Total
lat Sites 25 through 29 and land
treatment 424,263 265,494 689, 757
2nd Sites 19 through 24 and land
treatment 670,783 298,981 969,764
3rd Sites 6,7,8,11,12,13,14, and
land treatment 802,379 367,301 1,169,680
4th Site 15,16,17,18, channel improve-
ment, and land treatment 1,403,009 374,117 1,777,126
5th Sites 1,14,2,3,34,4,5,9,10,
and land treatment 860,419 479,578 1,339,997
6th Land treatment 17,343 191, 355 208,698
7th Land treatment 17,343 191,355 208,698
8th Land treatment 17,343 191, 355 208,698
Total 4,212,882 2,359,536 6,572,418

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

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

- 1. Adequate land treatment in the drainage area above structures
has been installed.

- 2. All land, easements, and rights-of-way have been secured or
a written statement is furnished by the McLennan and Hill
Counties Tehuacana Creek Water Control and Improvement District
No. 1 that its right of eminent domain will be used, if needed,
to secure any remaining easements within the project installa-
tion periocd and that sufficient funds are available for paying
for these easements, permits, or rights-of-way.

3. Court orders have been obtained from the Commissioners Court
showing that county roads affected by structural works of
improvement will either be closed, relocated, or raised two
feet above emergency spillway crest elevation at no cost to
the Federal Govermment, or permission granted to temporarily
inundate the road, provided equal alternate routes can be
provided.

4. The contracting agency is prepared to discharge its responsi-
bilities.

5. Operation and maintenance agreements have been executed.
6. Public Law 566 funds are available.

Technical assistance will be provided by the Soil Conservation Service to

assist in planning, designing, preparation of specifications, supervision

of construction, preparation of contract payment estimates, final inspec-

ticn, executlon of certificate of completion and related tasks necessary
- te establish the planned structural measures for flood prevention.

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

PROVISIONS FOR OPERATIONS AND MAINTENANCE

Land Treatment Measures

Land treatment measures will be maintained by the landowners and operators
of the farms on which the measures are applied, under agreements with the
McLennan County, Navarrc-Hill, and Limestone-Falls Scil Conservation Districts.
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Representatives of the soill conservation districts will make periodic inspec-
tions of the land treatment measures to determine maintenance needs and
encourage landowners and operators to perform the management practices and
maintenance needs. They will make district-owned equipment available for

this purpese.

Structural Measures for Flood Prevention

The estimated annual cperation and maintenance cost is $19,500, based on long-
term price levels. The McLennan and Hill Counties Tehuacama Creek Water
Control and Improvement District No. 1 will be responsible for operation and
maintenance of the 31 floodwater retarding structures and the 11.7 miles of
channel improvement. The necessary maintenance work will be accomplished
through the use of contributed labor and equipment, by contract, by force
account, or a2 combiration of these methods. The McLennan and Hill Counties
Tehuacana Creek Water Control and Improvement District No. 1 will establish

a permanent reserve fund for this purpose in the following manner and amounts:
As floodwater retarding structures are completed, 5200 per year per structure
will be placed in a reserve for operations and maintenance until the sum of
$1,000 per structure for the first ten, $750 per structure for the next ten,
and $500 per structure for the remaining 11 is established; and as channel
improvement is completed, $200 per mile per year will be placed in the
permanent reserve fund until the sum of $1,000 per mile for the first 10
miles and $1,500 for the remaining 1.7 miles is established. This will
amount to $34,500 when all 31 floodwater retarding structures and the 11.7
miles of channel improvement are built. When it becomes necessary to use

any of the reserve fund for maintenance expenditures, the district will

take appropriate action to replenish the fund im the shortest feasible time.

All floodwater retarding structures and the channel improvement will be
inspected at least annually and after each heavy rain cor stream flow by
representatives of the McLennan and Hill Counties Tehuacana Creek Water
Control and Improvement District No. 1. A Scil Conservaticn Service
representative will participate in these inspections at least annually.

For the flecodwater retarding structures, items of inspection will include,
but not be limited to the condition of the principal spillway and its appurte-
nances, the earth fill, the emergency spillway, the vegetative cover of the
earthh fill and the emergency spillway, and fences and gates installed as a
part of the structure. For the improved channel items cf inspection will
include, but not limited to, the need for, (1) removal or control of wondy
vegetation, (2} removal of sediment bars, (3) control of meander, and (&)
corrective measures to prevent gully ercsion or head cutting Iinside drains.

The Soil Conservation Service, through the McLennan County and the Limestone-
Falls Soil Conservation Districts, will participate in operation and mainte-
nance only to the extent of furnishing technical assistance to aid in
inspections and furnishing technical guidance and informaticn necessary for
the operatien and maintenance program.
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Provisions will be made for free access of representatives of the cosponsor-
ing organizations and Federal representatives to inspect and provide mainte-
nance for all structural measures and their appurtenances at any time.

The McLennan and Hill Counties Tehuacana Creek Water Control and Improvement
District No. 1 will maintain a record of all maintenance inspections made
and all maintenance work done and have it available for tnspection by the
Soil Conservation Service.

The McLennan and Hill Counties Tehuacana Creek Water Control and Improvement
District No. 1 fully understands its obligations for maintenance and will
éxecute specific maintenance agreements prior to the issuance of invitation
to bid on construction of the structural measures.

COST-SHARING

Public Law 566 funds are expected to provide technical assistance in the
amount of $138,744 during the 8-year installation period to accelerate the
installation of land treatment measures included in the plan for reduction
of ercosion and peak rates of runoff. These Public Law 566 funds will be in
addition to $101,256 of Public Law 46 funds under going program criteria.
Local interests will install these measures at an estimated cost of
$1,429,578, which includes ACPS payments based on present program criteria
(table 1).

The required local cost for structural measures consists of the value of land,
easements, and rights-cf-way, and the costs of administering contracts. These
costs are estimated to be $828,702.

The entire cost of constructing structural measures, amounting to $390589663
will be borne by Public Law 566 funds. In addition, the installation services
cost of 51,015,475 will be a Public Law 566 expense. This is a total Public
Law 566 cost of $4,074,138 for the installaticn of structural measures.

The total project cost of $6,572,418 will be shared 64.1 percent $4,212,882
by Public Law 566 funds and 35.9 percent $2,359.536 by other than Public Law
566 funds. In addition, the cost of operaticn and maintenance (519,500)
annually will be borne by local interests.

CONFORMANCE OF FPLAN TO FEDERAL LAWS AND REGULATIONS

The installation of the watershed protection and flood prevention project
on the Tehuacana Creek watershed will make a substantial contribution to
the objectives of the overall Brazos River development program.

This project conforms to all Federal laws and regulations and will have no
nown detrimental effects on any downstream projects which are now in exist-
ence or which might be constructed in the future,
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SECTION 2
INVESTIGATIONS, ANALYSES, AND SUPPCRTING TABLES

INVESTIGATIONS AND ANALYSES

Project Formulation

Project Cbjectives

Flood problems were discussed with the sponsoring local organizations and
the following project objectives reached:

1. Determine, first, the needed land treatment measures, based
on current needs, which remain to be applied in the watershed
and which contribute directly to flood prevention.

2. Bince it was apparent that land treatment measures alone
would not attain the desired degree of flood protection,
attempt to contrel the runoff from 60 percent of the
watershed with floodwater retarding structures.

3. 1If releases from the principal spillways exceed existing
channel capacities, provide additional capacity by clearing,
snagging, or enlarging the present channel.

4. Provide additiomal flood protection, where economically
feasible, with channel enlargement, floodways, levees,
diversions, or a combination of these to uniformly reduce
average annual flood damage at least 75 percent.

Land Treatment Measures

The status of land treatment measures for the Tehuacana Creek watershed
was developed by Supervisors of the McLennan County, Navarto-Hill, and
Limestone~Falls Soil Conservation Districts with assistance from personnel
of the Soil Congervation Service work units at Waco, West, and Hubbard,
Texas.

The measures needed and the practices effectively applied were considered
for each farm or group of farms. This information was expanded to repre-
sent the needed land treatment measures to be applied. Estimates were
made of the amounts of practices that will be applied during the 8-year
installation period for the entire watershed (table 1). Trends in farming
operation, amounts of land treatment practices already applied, soil
conditions, grassland cover conditions, and other pertinent data were used
in estimating these future land treatment needs. The cost of applying

the land treatment measures was based on current costs and going program

criteria.




Structural Measures

The procedures used to determine the most feasible plan of structural measures
to meet the cobjectives cof the sponsoring local organizations were as follows:

L.

A base map of the watershed was prepared at a scale of 2 inches
equals one mile showing watershed boundary, drainage pattern,
system of roads and railrcads, utility lines, and other perti-
nent information.

Using a copy of the base map, a current cwnership map cof all
farms in the watershed was prepared by the Scil Conservation
Service work units at Waco, West, Hubbard, and Groesbeck,
Texas.,

Photographic study supplemented by field examination indicated
the limits of flecod plain subject to flood damage.

Map and photo studies and field investigations indicated the
watershed should be divided into three evaluation units, each
with its own system of interdependent structural measures.
These evaluation units are: (1) The mainstem of Tebuacana
Creek, (2) Williams Creek, and (3) Tradinghouse Creek.

United States Department of the Interior Geological Survey
7.5 minute, advance proof, quadrangle sheets with 10-feet
contour interval were used to locate all possible flood-
water retarding structure sites. After a field examinaticn
and stereoscopic photo study of these sites was made,
tentative storage tables were developed for eack site.
Sites which did not have sufficient storage capacities were
dropped from further consideration,

From the 49 sites having sufficient storage capacities, 42

were recommended to the local sponsoring organizations for
further consideration and detail survey. A list of land-

owners whose farms probably would be affected by the flood-
water retarding structures was prepared for each site and
submitted tc the leocal sponsoring organization to facilitate
their study of the structures recommended for further considera-
tion and detail survey.

After agreement was reached with the local sponsoring corganiza-
tions on location of flcoodwater retarding structure sites for
further consideration and detail survey, topographic maps with
4-foot contour intervals and a scale of 8-inches equals one-
mine were prepared for each site. These surveys provided the
necessary information to determine 1f the required sediment

and floodwater detention storage could be obtained and to

make an estimate of all installation costs of each structure.
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Criteria cutlined in Soil Conservation Service, Washington
Engineering Memorandum No. 27, and Texas State Manual Supple-
ment 2404.2 were used to determine the sediment and floodwater
detention storage Tequirements, structure classification,
principal and emergency splllway design, and freeboard,

dropped from further conaideration. Siteg 3, 3A, and 4 were
placed In series to obtain the needed degree of control becauge
sufficient detention storage could not be developed in site 4.
Sites 16 and 17 were placed in series for the same reason and
to provide flood protection for intervening flood plain lands.

Data obtained in land treatment need studies for the watershed,
as well as hydraulic, hydrologic, geologic, sedimentation, and
economic investigations provided the necessary means for
evaluating various combinationsa and locations of floodwater
retarding structures. As a resulr of this analysis it wag
determined that a syatem of 20 floodwater retarding structures
on the mainstem of Tehuacana Creek, six structures on Williams
Creek, and five structures on Tradinghouse Creek would be the
most economical to install and would provide the degree of
protection degired by the eponsoring organizations, except in
Reaches € and D.

Plang of a floodwater retarding structure, typical of thoge
planned for the watershed, are iliustrates by figures 5 and
54.

To attain the desired degree of protection, channel improvement
was Investigated in Reaches € and D. After congiderarion of
such measures ag levees, floodwater diversions and channel
enlargement, it was determined that an enlarged channel, which
could be constructed without alterations to existing highway
and raiiroad bridges, would be the most feasible to insts.}.
This improvement would extend from the confluence of Trading-
house and Tehuacana Creeks upstream to the pPresent confluence
of Tehuacana and Cottonwood Creeks, a distance of approximately
9.1 miles. Hydraulie Investigations also revealed that the
capacity of the existing channel from the confluence of
Tradinghouse and Tehuacana Creeks downstream to the mouth of
Tehuacana Creek, a distance of approximately 2.6 miles, could
be Increased sufficiently by removing all trees, brush, and
stumps.

Additional cross section and profile data were obtained to
supplement the available valley cross section data to make
the channel Improvement cost estimates,
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Evaluation of these proposed works of improvement on an incremental
basis indicated that the additional benefits which could be obtained
would be more than enough to justify the inclusion of this 11.7
miles of channel Improvement.

Cost distribution (table 2) and structure data tables (table 3 and
3A) were prepared to show for each structure and type of structure,
the estimated cost of the structure, the drainage area, the capacity
needed for detention and for sediment storage in acre-feet and in
inches of runoff from the drainage area, the release rate of the
principal spillway, the acres inundated by the sediment and deten-
tion pools, the volume of fill in the dams, and other pertinent
data.

It was determined that sufficient benefits would accrue in
Tradinghouse, Williams, and Tehuacana Creek above its confluence
with Williams Creek flood plains to set up three constructionm
units. However, the sponsoring local organizations requested
that the entire watershed be considered as one construction unit.

Hydrologic Investigations

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

1.

Basic meteorologic and hydrologic data were tabulated from
Climatological Bulletins, U. §. Weather Bureau, and Water
Supply Papers, U. S. Geological Survey, and analyzed to
determine average precipitation depth-duration relationships,
seasonal distribution of precipitation, the kistorical flood
series to be used in the evaluation of the program, rainfall-
runoff relationship of geology, soils, and climate to runoff
depth-frequency for single storm events. .

Engineering surveys were made of channel and valley cross
sections selected to represent adequately the stream hydraulics
and flood plain area. Preliminary locations for cross sections
were made by stereoscopic examination of aerial photographs of
the flood plain. The final locations were selected on the
ground, giving due consideration to the needs of the economist
and the geologist. The evaluation reaches were dalineated in
conference with the economist and geologist.

The present hydrologic condition of the watershed was determined
by surveying the soil-cover condition of a 22 percent sample of
the watershed and expanding this data to the entire watershed.
The future hydrologic condition of the watershed was determined
by obtaining from the work unit conservationists the changes in
land use and treatment that could be expected with an accelerated
land treatment program during the installation period. Runoff
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curve numbers were computed from the soil-cover complex data and
used with figure 3.10 -1, National Engineering Handbook, Section
4, Supplement A, to determine the depth of runoff from individual
storms in the historical storm series. Monthly soill moisture
indices were used. Adjustments were made in the computed runoff
curve numbers to make the computed average annual runoff compare
favorably with the records from stream gages on similar watersheds
in the area.

4. Cross section rating curves were computed from field survey data
- listed in item 2, above, by solving water surface profiles for
various discharges, using Doubt's Method as described in pages
3.14-7 to 3.14-13 of the Naticnal Engineering Handbook, Section
4, Supplement A.

5. A variation of the concordant flow theory was used to determine
the relationship of peak discharge and drainage area. High water
marks from the storms of May 1, 1956 and May 2 and 3, 1958 were
used to check the adequacy of equation 15 on page 3.16-4 of the
National Engineering Handbook, Section 4, Supplement A. The time
of concentration used in equation 15 was computed from the
velocities obtained in developing the rating curves. TFiguare 3.15-3
wag used in the upstream reaches where no valley cross sections
were surveyed. Equation 15 provided a comparabie method of
determining these relationships under the conditions of improved
channels.

6. Stage-area inundated curves were developed from fieid survey
data for each portion of the valley represented by a cross section.
Composite runoff-area inundation curves were deve.oped for each
evaluation reach by routing selected volumes of =inorf{ downatream
by concordant flow procedures and sumnating rrta area flooded for
each portion of the valley represented by a cross section in the
evaluation reach. Similarly a family of runofr-areca inundation
curves were developed to reflect the effect c* the system of
floodwater retarding structures and an impreowvea chkanne!.

7. The period 1923 to 1942, inclusive, was selected as the most
representative of normal precipitaticn on the watersted, and
1s the period from which the historical evaluation flocd serics
- was developed. The evaluation flood series was limited to
storms which did not exceed 25-year frequency.

8. Determinations were made of the area that would have been
Inundated by each storm in the evaluation series under each

of the following conditions:

4. The present conditions of the watershed remaining staric,

b. The installation of land treatment measures for watershed
protection.
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c. The installation of land treatment measures and floodwater
retarding structures.

d. The installation of land treatment measures, floodwater
retarding structures and an improved channel.

Runoff computations were made, giving due consideration to
antecedent moisture conditions, for each runoff-producing
24~hour storm that occurred during the evaluation period.
The Hazen method of analysis was used to develop a runoff
frequency curve using the maximum annual storm runoff values.
It indicates that flooding will occur each year in each
evaluation reach.

The largest rain which occurred during the 20-year period was a
storm of 9.39 inches on September 27 and 28, 1936,

If soll moisture condition II 1is assumed, the computed runoff
from a storm of this size 1s 7.31 inches. The annual flood
frequency line developed by means of the computed runoff for
the 20-year period indicates a frequency of once in 100 years
for the storm. The following table indicates the flows at
'which flood damages begin in the various evaluation reaches.
The section referred to as the reference section is valley
section number 27, which {s near the downstream boundary of
the watershed (figure 1).

Evaluation : : Capacity of : Discharge at
Reach ¢ Valley Cross : Smallest Section: Reference
(Figure 1) : Sections ' : in Reach : Section (27)

(c.f.5.) (c.f.s.)
L ]
A Tr-1 thru Tr-10 225 972

X-1 thru X-3
Riggs 1 and Riggs 2

B W-1 thru W-14 - 500 1,388
c R-20 thru R-27 1,200 1,249
D R-16 thru R-19 250 1,180

LT-1 thru LT-6

E R-2 thru R-15 295 763
B~1 thru B-4
E-1 thru E-4
Ri-1 thru Ri-6
C-1 thru C-2
Wolf 3 and Wolf 4
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The minimum floodwater detention volume in the structures as
determined in accordance with Washington Engineering Memorandum
No. 27, using Yarnell's é-hour, 25 and 50-year frequency rainfall
amounts, is 3.92 and 4.75 inches respectively. In accordance
with Texas State Manual Supplement 2404.2, the recommended
detention storage volume for this watershed varies from 6.10
inches for Class A structures to 8.0 inches for Class B struc-
tures depending on size of drainage area. The recommended
detention storage volume for Class A and Class B structures

less the volume which would be released through the principal
spillway during a 2-day period was used as the minimum detention
storage volume for all floodwater retarding structure sites
except No. 8, 17, and 24. For economical reasons detention
volumes less than recommended were used for these three sites;
however, the volumes actually used are in excess of the minimum
required by Washington Engineering Memo.No. 27. Detention
volumes in excess of those recommended in accordance with Texas
State Manual Supplement 2404.2 were used in a number of sices

to obtain a more economical or desirable emergency spillway or
structure design.

Frequency of use of emergency spiilways, based on regional
analysis of gaged runoff from simiiar watersheds, was determined
by adding to the actual detention storage the volume which would
be released by the principal spiilways during a 2-day period.

The capacity of the smallest channel sectiom through which the
release flows from the floodwater retarding structures would
pass was used to determine the average capacitics of the
principal spillways. These average release rates range from

5 to 20 C8M. The higher rates were used in some strictures to
decrease the period of time highly productive land would ba
inundated or to insure less frequent use of emergency spil.ways
for sites 8, 17, and 24.

The appropriate emergency spiliway and frecboard desigr srorms
were selected from figures 3.21-1 and 3.2;<L 0F the National
Engineering Handbook, Section 4, Supplement A, Iin accordance
with criteria contained in Washington Engineering Memorandum

No. 27, and Texas State Manual, Supplement 2404.2. After making
area adjustment for point rainfall, as prescribed in the refer-
ences above, the appropriate moisture condition 1I curve was
used to determine the runcff. The following moisture condition
IT curves were used to determine runoff above the sites: Curve
No. 78 for sites 20 and 29; curve No. 79 for sites i, 1A, 2, 3,
34, 4, 5, 7, 19, 21, 24, and 25; curve No. 80 for sites 8, 9, 10,
13, 14, 16, 17, 18, 22, 23, 26, and 27; curve No. 8] for sites
6, 11, 15, and 28; and curve No. 82 for site 12.

Spillway hydrographs were developed for each site in the watershed.
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The principal spillway hydrographs represented a flood event that
will not be exceeded, on the average, more often than once in 25
years for Class A structures (Sites 1, 14, 2, 5, 7, 8, 9, 10, 11,
12, 13, 14, 16, 17, 18, 18, 20, 21, 22, 25, 26, 27, 28, and 29)

or 50 years for Class B structures (Sites 3, 34, 4, 6, 15, 23, and
24). For Class A structures the emergency spillway and freeboard
hydrographs were computed using molsture condition II with 0.5 and
1.0, respectively, of the point rainfall of the 6-hour storm.
Emergency spillway hydrographs and freeboard hydrographs for Class

B structures were developed in the same manner except that .75 and
1.5 of the point rainfall, respectively, were used. Since use of
the emergency spillway hydrographs resulted in either no flow or
very shallow flow through emergency spillways, the dimensions of

the emergency spillways were determined from the freeboard hydro-
graphs. One foot of freeboard was provided above the maximum water
elevation reached in routing the freeboard hydrograph. Hydrographs
were developed for each of the floodwater retarding structures by
the distribution graph method. The combination emergency spillway
width and depth, and elevation of top of dam for the most economical
structure was determined by an empirical equation. The final preli-
minary design was obtained on a representative number of sites
(including all sites in series) by the Goodrich flood routing method
described on page 5.8-12 of the National Engiceericg Handbook,
Section 5.

The initial design of the improved channel was ko carry approxi-
mately one inch of runoff from the uncontrolied area plus princi-
pal spillway releases from the floodwater retarding structures.
The design slope was obtained through the average of the cross
section elevations at which fioodwatzer damsge staz:s. This grade
line was then used as the top of the designed ctannel. A smal’
pilot channel was included as an aid in retarding tte development
of meanders. This portion of the channel has s urifo-m bottom
width of 30 feet and a depth varying frem 3.7 to 2.8 feer to main-
tain a velocity of approximately 2 feet per seconé or the clanging
slope. A roughness coefficient of .030 was used in ali segments
of the improved channel. The total depths were dete=mined by
limiting the velocity to 5 feet per seccnd in the segment formed
by the pilot channel. The widths of the overflow segments on

each side of the pilot channel were then determined to provide the
remainder of the required capacities. The greatest total bottom
width was 171 feet in reach number R-19, with lesser widrhs of
137, 109, and 151 in R-20, R-21, and R-22 respectively. The

final plan (table 3A) has a uniform bottom width of 170 fzet

from reach R-19 through reach R-22 and retains the slopes ard
depths of the initial design.




Sedimentation Investigations

Sediment Source Studies

Sediment source studies, to determine the 30-year sediment storage require-
ments, were made in the drainage areas of the 31 pianned floodwater retard-
ing structures according to the following procedures:

1. Detailed investigations were made in the drainage areas
above 16 of the planned floodwater retarding structures.
T Estimates of sediment rates were made for the remaining
15 sites based on similarity of these sites to sites
which had been surveyed in detail.

2. Field surveys inciuded: mapping the soil unit by slope
in percent, slope length in feet, present land use,
present land treatment on cultivated land, present cover
condition classes on pasture and woodland, land capability
classes, lengths and widths of all gullies, lengths and
widths of all streambank affected by erosicn, estimated
annual lateral erosion of gullies and streambanks in feet,
and average depth of gullies and streambanks.

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

The following formula was used for computing sheet erosion:

E=4AxF x SF x CF x RF, where

E = Sheet erosion in acre feet per year

A - Area in acres

F - Basic erosiom rate of soil unit in feet per year
SF - Slope factor, based oa percent and length: of slope
CF - Cover factor, based on present cover anc land

treatment
. RF - Rainfall factor based on maximum two-year 30-
minute rainfail intensity

- The following formula was used for computing gully and stream-
bank ercsion:

=NxLxPx HxLE & 43,560, where

- Erosion in acre feet per year

- Number of banks affected

Length of gully or streambank in feet

- Percent of gully or streambank affected by erosion
- Average height of bank in feet

- Estimated annual lateral erosion in feet.

o Bia = e - wa gl = Tl 3
!

L
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4. Field surveys to determine the estimated sediment rates, under
present conditions, consisted of mapping the land use, and
arranging the sites to be estimated into homogeneous groups.

5. Office computations to determine the estimated sediment rates,
under present conditions, consisted of preparation of sediment
source summary sheets based on the homogeneous grouping of the
sites and the detailed investigations.

6. The sediment rates were then adjusted to reflect the effect
of expected land treatment in the drainage areas of the
planned floodwater retarding structures. The computed
sediment storage for each site is based on a gradual improve-
ment of watershed conditions as a result of the installation
of needed land treatment measures during the first 10 years
and 40 years with these measures operating at 75 percent
effectiveness.

7. The ratio of sediment storage volume in the reservoir to
soil in place was estimated to be 1.4 for the watershed.

8. The allocation of sediment in the reservoir was 15 percent
in the detention pool and 85 Percent in the sediment pool,

Flood Plain Sedimentation and Scour

Sedimentation and scour damage investigations were made to evaluate the
nature and extent of physical damage to flood plain land, giving due consi-
deration to agronomic practices, soils, land treatment, crop yields, and
land capabilities.

1. Borings with a power soil sampler, and hand auger were made
along each of the valley cross sections, {figure 1) making
note of the depth and texture of the deposit, soil condition,
scour channels, sheet scour aredas, stream channe! degrada-
tion and/or aggradation, and other pertinent factors
affecting flood plain damage.

i 2. The elevation of the original flood plain before modern
deposition began was estimated for each valley section.

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

4, A damage table was developed to show percent damage by depth
increment for deposition and percent damage by depth and
width for scour.

5. The depth and width of the modern alluvial deposits and
SCour areas were measured and tabulated.




6. The damage areas were grouped by segments, which consisted
of the area between two to five valley sections.

7. Within each of the segments the area for each depth increment
of deposition and scour was computed.

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

9. The sedimentation and scour damages were summarized by
evaluation reaches for the entire flood plain and adjusted
for recoverability of productive capacity. Estimates for
recoverability of productive capacity were developed as a
result of field studies and interviews with farmers.

10. Using the erosion rates as a basis, the average annual
sediment yield at selected valley sections along the
flood plain was computed for present conditions and with
land treatment and structures installed. The results
were compared to show the average reduction of overbank
deposition in the watershed. The reduction of scour damage
due to installation of the complete project is based on
reduction of depth and area inundated.

Sediment and Erosion Damages

Since the sediment source studies indicated erosion rates in excess of two
inches in the drainage areas above floodwater retarding structures sites
1 through 9, special studies were made above each of these sites to
determine if additional erosion control measures were needed to reduce
the high sediment production. Since more than 75 percent of the gross
erosion above sites 1 through 9 results from sheet erosion, it was found
that additional erosion control measures could not be economically
justified.

The average rate of sediment deposited per square mile of drainage area
is 1.87 acre=-feet annually.

Using the detailed sediment source studies as a basis, it was found that
approximately 93 percent of the gross erosion in the upland areas of the
watershed results from sheet erosion and 7 percent from modern gully and
streambank erosion. The proper application of the approximate 60 percent
effective land treatment that can reasonably be expected to be installed
will reduce sediment production from the upland areas approximately 31
percent.

Geologic Investigations

Preliminary geologic dam site investigations were made at each of the
planned floodwater retarding structure sites. These studies included
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valley slopes, alluvium, channel banks, and exposed geologic formations.
Borings with a hand auger were made at representative sites to determine
the nature and extent of embankment material and emergency spillway
excavation that might be encountered in construction.

Description of Problems

Formations of the Tayler and Austin Groups of the Upper Cretaceous Series
outcrop in the watershed. Approximately 95 percent of the area 1Is underlain
by the Taylor Group, with the Austin Group out-cropping in the remaining 5
percent of the area near the northwestern boundary of the watershed.

The formations in the Taylor group include Taylor (undivided), Wolf City,
and Durango. The Taylor (undivided) consists of marly clays, and shales
containing chert gravel. All the planned floodwater retarding structure
sites except those mentioned in the followlng paragraph are located within
this outcrop. Foundation problems will be minor, except where gravel may
be encountered in the alluvium and cause drainage problems. Scattered
peckets of gypsum are known to occur. Lf encountered in borrow areas
compaction may be difficult to obtain.

The Wolf City and Durango formations are irregular and disconnected out-
crops scattered over the southern half of the watershed. The formations
are similar in composition, consisting of sandy marls, witi thin partings
of clay and sandstone. Gypsum is present in small amounts in these forma-
tions and may make proper compaction difficult to obtain. Sites 6, 17, 18,
24, and 29 occur within the outcrop of the Wolf City and Durango formations.
There should be few foundation problems at these sites.

Rock excavation is not anticipated at any site in the watershed. Soils for
embankment purposes are in ample quantity and should provide good shear
resistance, low permeability, and high density unless gypsum is encountered
in large enough quantities. The solls, as classified by the Unified Soil
Classification System, are generally CL, CH, and SC.

There are no sites located in the Austin group which consist of chalk and
marly clays. The sharp fault contact between the Austin and Taylor Groups
will not be encountered in construction.

The soils in the watershed are very susceptible to erosion when stripped

of vegetative cover. Embankments and emergency spillways will be vegetated
as soon as possible after construction. Maximum permissible velocities In
the emergency spillways with good Bermudagrass cover will be 8 feet per
gsecond, as recommended in SCS Technical Paper 61

Geologic Investigations in the area of planned channel {mprovement revealed
that no major problems will be encountered during construction. Maximum
velocities and side slopes used in channel design were determined by

using the recommendations in 5CS Technical Paper 61.
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Detailed investigations, including exploration with core-drilling equip-
ment, will be made at all planned floodwater retarding structure sites
prior to their construction. Laboratory tests will be made to determine
the sultability and handling of the available embankment, cutoff wall,
and foundation material.

FEconomic Investigations

Determination of Annual Benefits from Reduction in Damages

Agricultural damage estimates were based upon schedules obtained in the field,
covering approximately 52 percent of the flood plain of Tehuacana Creek and
its tributaries. These schedules covered land use, crop distribution under
present conditions, crop yields and historical data on flooding and flood
damage. Most of the flood damage information obtained was for floods which
occurred in 1957 and 1958. Analysis of this information formed the basis for
determining damage rates for various depths and seasons of flooding. 1In
calculating crop and paature damage, expenses saved, such as costs of
harvesting, were deducted from the gross value of the damage. The proper
rates of damage were applied flood by flood, to the floods covering the
period 1923 through 1942 and an adjustment was made to take into account the
effect of recurrent flooding when several floods occurred within one year.
The flood plain land use was mapped in the field. Normal yields were based
on data obtained from the schedules supplemented by information obtained

from agricultural workers in the area.

It was found that significant differences in land use, yields, frequency
of flooding, and degree of future use were sufficient to justify tke
divigsion of the flooed plain into five evaluation reaches. Each of these
evaluation reaches has 1ta own damageable value.

The evaluation reaches (figure 1) are:

Reach A - All of Tradinghouse Creek to its confluence with
the mainstem of Tehuacana Creek.

All of Williams Creek to 1its confluence with the
mainstem of Tehuacana Creek.

Reach B

Reach C - From the confluence of Tehuacana Creek with the
Brazos River upstream to a point half-way between
valley cross sectlons 19 and 20.

Reach D - From a point half-way between valley crogs sections
19 and 20 upstream to a point half-way between valley
cross sections 15 and 16, including Little Tehuacana
Creek.

Reach E - From a point half-way between valley cross sections
15 and 16 upstream to a valley cross gection 1,
including Elm, Rice, Cottonwood, Wolf and Brookeen
Creeks.

4
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Floodwater, scour, and sediment damages, for each reach were calculated
under present conditions and under conditlons that wlll prevail after
completion of each class of measures to be installed. The difference
between average annual damages at the time of initiation of each class
of measures and those expected after 1ts Llnstallation constitutes the
benefit brought about by that class of measures through reductlion of
damages. Benefits from reductlion of crop and pasture damages and flood
plain scour resulted from the combined effects of reduction in area
inundated and reduced depth of inundation. Benefits from reduction of
sediment desmage, derived from each class of measures, were determined
on the basis of estlmated reduction in rate of sediment production and
in area flooded after installation of each class of measure.

Estimates of damages to other agricultural property such as fences, live-
stock, farm equipment and levees were obtained from analysls of flood
damage schedules and correlated with size of floods. Estimates of

dsmages to roads and bridges in the flood plain were obtained from the
McLennan County Englneer and from the State Highway Department maintenance
foreman. These estimates were supplemented by lnformation obtained from
local farmers.

Indirect damages in thls watershed primarily involve additional travel
time for farmers, school bus transportation, and mall delivery; costs
for extra feed for livestock durlng and following floods, and the like.
Upon analysis, it appeared that these damages are about 10 percent of
the direct damage.

Farmers in the flood plain were asked to state changes made in land use
as a result of past flooding. This Iinformation, togetner with landowners'
and operators' estimates of changes in land use and crop distribution as
a result of reduction in flood extent and frequency, was the basis for
estimating beneflits from restoration of productivity. kenefits from
restoration of productivity are included as crop and pasture benefits.
Consideration was gilven to increased damage after restoraclon of produc-
tivity and the added damage was deducted. AlL benefits from restoration
of productivity are net benefits remaining after producticn, narvasting,
and all other allied costs were deducted. All benefits from restoration
of productivity were discounted to provide for a 5-year lag in accomplish-
ment. They totaled $55,089 annually at long-term price levels, ARS
Projection of September 1957.

In some areas the reduction in flooding will be sufficlently great to
permit profitable clearing of woods, not previously in cultivation, for
converslon to pasture or crops. The net increased value of production
from this source, after deducting all costs and discounting for a lag
in accomplishment, was estimated to be $19,637 annually and 1s recorded
as a benefit from changed land use in table 7.

A study was made of crops under acreage allotments, chiefly cotton in
this watershed. For the purpose of economic evaluation 1t was assumed




that the only change in cotton acreage that would result from the project
would be a shift from lends involved in the structural sites to flood
plain lands. Increases in the value of production on the flood plain
from this source were classed as a benefit. Losses in the value of
production in the structure sites were counted as a project cost in the
manner described below. 1If there should be an increase in the total
acreage of cotton as a result of the project, the benefits would be
greater than those calculated.

Areas that will be inundated by the gediment and detention pools of
floodwater retarding structures and aveas involved in channel improve-
ment were excluded from the damage calculations. An estimate was made,
however, of the value of production lost in these areas after the
ingtallation of the program. In this appralsal it was considered that
there would be no production in the sediment pools. I'e land covered

by the detention pools was asgumed to be converted to grassland under
project conditions. The costs of land, easements, and rights-of-way for
the 31 floodwater retarding structures and 11.7 miles of channel improve-~
ment were determined by individual appraisal in conjunction with represen-
tatlves of the sponsoring organizations. Floodwater retarding structure
site costs were based on full land value for the sediment pools, 75
percent of the value of cultivated land in detention pools and one-half
value of pasture and woods in detention pools, since the land in deten-
tion pools will be used as pasture. Since some of the ‘'and involved in
the detention pools of sites 1s intensively cultivated, it was felt the

75 percent of the land value more accurately reflected the loss in these
areas than the 50 percent ordinarily used. The average annual net loss

in production within the sites and land needed for channel {mprovement

was calculated and this value was compared with the amortized cost of the
land required for the floodwater retarding structures anc chamnel improve-
ment. The larger amount was Jsed In the economi: appraisal of thsz program
to insure a conservative appraisal.

Determination of Annual Benefits Qutside watershed Resuiting from Project

Data from the Corps of Engineers reporl on the survey of the Brazos River
and tributaries was analyzed and damage fo the fiood plaim cf the Brazos
River from Tekuacana Creek downsftream to river mile 3:7.9, with all of
the proposed C of E' structures constructed, was calcuated, Benefits
from the reduction of these remaining damages were apportioned back to
the floodwater retarcing structures in proportion to the reduction in
flooding resulting from them. All berefits weve caloulafed at lomg-term
prices.

Details of Methodology

Details of the procedure used in the investigations are described in the
Soil Conservation Service Interim Economics Guide for Watershed Protection
and Flood Prevention, Revised April 1, 1956.
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Fish and Wildlife Tnvestigations

The following is the summary of the report of a reconnaissance study made by
the Fish and Wildlife Service, USDI, dated June 7, 1957.

"Our reconnaissance study of the proposed project for Tehuacana
Creek watershed indicates that fish and wildlife resources general-
ly will be either benefited or not significantly affected by the
watershed protection measures contemplated. Several landowners
have expressed an interest in measures for improving wildlife
habitat. 1In line with this interest we would like to point out
that floodwater retarding structures which will have permanent
pools and farm ponds that are expected to provide permanent
aquatic habitat will provide benefits for wildlifa and could
yield a significant harvest of fish. To obtain maximum fish

and wildlife benefits the reservoirs and ponds should be fenced
to exclude livestock, and plants useful to wildlife should be
established within the enclosures. If water is required for
livestock, it should be piped to a tamk outside the enclosure.

It 1s recommended -

(1) That impoundment areas and farm ponds be fenced to
exclude livestock.

(2) That, if water is required for livestock, the impound-
ment and ponds be designed to provide a tank outside
the recommended enciosure to which warer may be piped.

Other thar the above, there are no particuiar measu-es that
should be {incorporated in project work plans that wculd
benefit fish and wiidlife resources substantiaily, and no
speciai measures to prevent damage to these resources are
required. This office, working in cooperation wich the
Texas Game and Fisc Commission, wiil be picased to provide
general advice on fish anc wiislife management techniques
which might be incorporated in project work plans an? which
would aid in maintaining fish and wiid ife resources im the
watershed for recveational wuse.

No detailed studies by this Service, as provided for in
Sections 5 ard 6 of the May 12, 955 Memorandum of Inder-
standing, are deemed to be necessary.”
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TABLE & - SUMMARY OF PHYSICAL DATA

Tehuacana Creek Watershed, Texas

Quantity Quantity
Item Unit Without Project : With Project

Watershed Area sq.mi. 307.00 XXX
Watershed Area acre 196,480 poed
Area of Federally-Owned Land acre 1,852 1,852
Area of Cropland acre 112,301 112,007
Area of Grassland acre 69,996 69,763
Area of Woodland acre 9,620 7,552
Miscellaneous Area acre 2,711 5,306
Overflow Area Subject to

Damage acre 1/ 17,390 1/ 12,855
Area Damaged By:

Overbank Deposition acre 2/ 10,009 3/ 1,961

Flood Plain Scour acre 2/ 3,305 3/ 364
Annual Rate of Erosion

Sheet ac. ft. 1,048.49 712.97

Gully ac. ft. 50.33 36.35

Stresmbank ac. ft. 30.76 30.76

Scour ac.ft. 242.99 26.10
Average Annual Rainfall inch 35.0 XXX

1/ Area inundated by the runoff from 25-year frequency storm, based on

gage records.

2/ Acreage on which some pro
3/ The acreage on which productic
recovery has taken place.
inundated by the largest storm

Applies to all flo
in the 20-year series.

duction loss occurs each year.
a1 loss will occur each year after all
oding up to the area

November 1958




TABLE 5 - SUMMARY OF PLAN DATA

Tehuacana Creek Watershed, Texas

Item : Unit Quantity

. Years to cemplete project year 8
Total installation cost
Public Law 566 funds dollar 4,212,882
- Other dollar 2,359,536
Annual O and M Cost
Public Law 566 funds dollar 0
Qther dollar 19,500
Average annual monetary benefits 1/ dollar 323,067
Agricultural percent 91.5
Nonagricultural rercent 8.5
Structural Measures
Floodwater retarding structures each 3l
Channel improvement mile 11.7

Area Inundated by structures
Flood plain

Sediment pool acre 1,173
Detention pool acre 789
Upland
Sediment pool acre 1,529
Detenticn pool acre 4,036
wWatershed area above structures acre 113,907
Reduction of floodwater damage dollar 256,973
By land treatment measures
Watershed protection percent 8
By structural measures percent 80
Reduction of sediment damage dollar 45,826
By land treatment measures
Watershed protection percent 31
By structural measures percent 49
Reduction of erosion damage dollar 10,006
. By land treatment measures
.Watershed protection percent 12
By structural measures percent 77
. Flood prevention benefit from changed
land use dollar 19,637
Benefits outside of watershed dollar 2,609

1/ From structural measures.

November 1958
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TABLE 7 - MONETARY BENEFITS FROM STRUCTURAL MEASURES

Tehuacana Creek Watershed, Texas
Price Base: Long-Term 1/

Estimated Average Annual Damage :
: After Land : : Average

Wifhout : Treatment : With : Annual
Ttem : Project : For W/S : Project : Monetary
: Protection : Benefits

{dollars) (dollars) (dollars) (dollars)

Floodwater Damage

Crop and Pasture 239,766 222,739 30,797 191,942
Other Agricultural 20,796 18,220 887 17,333
Nonagricultural (Road & Bridge) 34,333 30,670 3,238 27,432
Subtotal 294 895 271,629 34,922 236,707
Sediment Damage
Overbank Deposition 57,270 39,516 11,444 28,072
Subtotal 57,270 39,516 11,444 28,072
Erosion Damage
Flood Plain Scour 11,253 9,941 1,247 8,694
Subtotal 11,253 9,941 1,247 8,694
Indirect Damage 36,342 32,109 4,761 27,348
Total, All Damages 399,760 353.195 52,374 300,821
Changed Land Use to Crop Production  xxx KXX XXX 19,637
Benefits Outside Project Area 2/ prod.e XXX XEX 2,609
TOTAL FLOOD PREVENTION BENEFITS XX XXX K2 323,067
TOTAL PRIMARY BENEFIES ” KX& KR XK 323,067
TOTAL EONETARY BENEFITS XAX xxx_gl XXX 323,067

1/ As projected by ARS, September 1957.

2/ Damage recuction on Brazos River flood plaix below Teauacana Creek.

November 1958
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