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WATERSHED WORK PLAN AGREEMENT

between the

Brown-Mills Soil and Water Conservation District
local Organization

(Hereinafter referred to &s the District)

Mills County Commissioners Court
local Organization

(Hereinafter referred to as the County)

In the State of Texas

and the

United States Department of Agriculture
Soil Conservation Service
(Hereinafter referred to as the Service)

Whereas, the District has heretofore entered into a Flood Control
Supplemental Memorandum of Understanding with the Soil Conmssrvation Service
for asaistance in constructing Works of Improvement for the prevention of
flooda in the Brown-Mullin Watershed, State of Texas,
under the authority of the Flood Control Act of 1944 (58 Stat. 887).

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

of Agricultufe to the Service; and

Whercaa, there has been developed through the cooperative efforts of
the Diatrict and the Service a mutually gsatisfactory plan for Works of
Inmprovement for the Brown-Mullin Watershed, State of Texes,
hereinafter referred to as the Watershed Work Plan;

Whereaa, the County will benefit from the carrying out of the plan for
Works of Improvement through the reduction of damages to property, including
County Roada and bridges in the County that are located within the flood
plain of the watershed; :
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Now, therefore, in view of the foregoing considerations, the District
and the County and the Secretary of Apriculture, through the Service, hereby
agree on the watershed work plan, and further agree that the works of improve-~
ment as set forth in said plan can be installed in about 10 years,

It ia mutually agreed that in inatalling and operating and maintaining
the works of improvement substantially in accordance with the terms, condi-
tions, and stipulations provided for in the watershed work plan:

1. The District and tha County will acquira all land, eascments, and
rights-of-way needed for installation of structural works of inprovement

(estimated at $64,284),
District Eetimated

Works of and Land, Easements and
Improvement County Service Righta-of-Way Cost
(percent) (percent) (dollars)

Floodwater Re-

tarding Struc-
tures 100 .0 . 64,284 ©

1/ 1Includes legal fees ($S5,845).
2. The Service will provide all construction costg,

District

Works of and Egtimated Con-
Improvement County Service struction Coat
(parcent) (petcent) (dollare)
Floodwater
Retarding
Structure? 0 100 - 447,148

3. The Service will provide all costa for installation services,

District )
Works of and Estimated Installation
Imp rovement Count Service ~_Service Cost
(percent) (percent) (do1lare)
Floodwater
Retarding
Structures 0 100 112,197

4. The District will obtain agreements from owners of not less than
65 percent of the land above esch floodwater retarding structure that they
will carry out conservation farm or ranch plens on their land,

5. The District will provide agsistance to landowners and operstors
to asaure the installation of the land treatment measures shown in the

watershed work plan,
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6. The District will encourage landownars and operators to operate
and maintain the land treatment measures for the protection and improvement
of the waterahed,

7. The District and the County 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 an Operation and
Maintenance Agreement which is to be entered into.

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

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

10, No member of Congress, or reaident commissicner, shall be admitted
to any ahare 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 ita general benefit.

Brown-Mills Soil snd Water Conservation District

_Locnl rganization /

oott Lanford 7
Title Chairman

L

Date Pebruary 195, 1966

The aigning of this agreement was authorized by a resolution of the governing
body of the Brown-Mills Soil and Water Conservation District
"local Organization

adopted at a meeting held on February 15, 1966 .

retary, loca
Walter Fry
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Mills County Commissionecrs Court

Local Organization

By

Title County Judge

Date February 15, 1966

The signing of this agreement was authorlzed by a reaolution of the governing

body of the

adopted at a meeting held on
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Mille County Commissioners Court

local Organization

February 15, 1966 .

Secrﬁgﬂ% ’ff*gr;?{,?% zation

Date February 15, 1966

Soil Conservation Service
United States Department of Agriculture

By

Date
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WATERSHED WORK PLAN

BROWN-MULLIN WATERSHED
0f the Middle Colorade River Watershed
Mills County, Texas
December 1965

SUMMARY OF PLAN

General Summary

The work plan for watershed protection and flood prevention for Brown-
Mullin Watershed was prepared by the Soil Conservation Service in cooperas-
tion with the Brown-Mills Soil Conservation Diestrict and the Mills County

Commigsicners Court.

The primary objectives of the project are to provide flood protection to
the agricultural lands subject to flood damages from Brown and Mullin
Creeks, and proper land use and treatment in the interest of seil and
water conservation. Upon completion and continued maintenance of the mea-
sures set forth in this plan, a material contribution will be made toward
increaging asgricultural production to the maximum level consistent with
the capabilities of the land.

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

The Brown-Mullin Wetershed, & part of the Middle Colorado River Basin, is
that part of the Pecan Bayou drainage area located in Mille County, below
the confluence of Blanket Creek. The watershed comprises an area of 134
square miles, or 85,760 acres. Approximately 85 percent of the watershed
is rangeland, 13 percent cropland, and 2 percent is in miscellaneous uses
such ag roads, highways, railroads, towns and stream channels.,

There are no Federal lands in the watershed.

The work plan proposes installing in a l0-year period a project for pro~
tection and development of the watershed. The cost of installing these
measures, excluding work plan preparation costs, is estimated to be
$1,056,689. Of this amount, $484,344 will be borne by local interests,
and §572,345 by flood prevention funds. In addition, local interests will
bear the entire cost of operation and msintenance.

Land Treatment Memsures

Landowners and operators will establish land treatment measures which will
help accomplish the project objectives. Primarily, this treatment will
consigt of measures, or a combination of measures, which contribute direct-
ly to watershed protection, flood prevention, and sediment control,
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Costs of land treatment measures, exclusive of expected reimbursement

from Agricultural Conservetion Program Service or other Federal funds, is
$420,060. In addition, prior teo work plan preparation, landowners and
operators have established land treatment measures at an estimated non-
Federal cost of $513,990. Also, prior to work plan preparation, $6,500

of flood prevention funds were used by the Soil Conservation Service to
accelerate technical assistance to landowners and operators. Acceleration
of technical assistance will continue during the period of installation at
a cost of $13,000. The work plan includes land treatment measures that
will be installed during the 10-yesar installation period and those manage-
ment and recurring-type practices that are necessary for the project to be
successful. Remaining land treatment measures will be ingtalled under the

going programs.
Structural Measures

The structural measures included in this plan consist of seven floodwater
retarding structures, having a total gediment storage and floodwater de-
tention capacity of 6,494 acre-feet. The total estimated installation
cost of structural measures is $623,629. Of this smount, $64,284 will be
borne by local interests, and $559,345 by flood prevention funds. All
structural measures will be installed during the 10-year installation

period.
Damages and Benefits

The reduction in floodwater, sediment, flood plain erosion, and indirect
damages will directly benefit approximately 50 owners of agricultural
lands in the 2,919 acres of flood plain in addition to owners of nonagri-
cultural facilities within the watershed. Flooed plain owners and opera~
tore below the project area also will benefit from reduced flooding.
Processors of agriculturel commodities and other businesses in the area

will benefit from the project.

The estimated average anmusl flocdwater, sediment, flood plain erosion,
and indirect damages without this project total $31,748, at long-term
price levels. With the proposed land treatment and structural measures

installed, average annual damages from these sources are estimated to be
$11,312, a reduction of approximately 64 percent.

The average annual primary benefits accruing to structural measures total
$24,822, and are distributed as follows:

Floodwater damage reduction $16,419
Sediment damage reduction 335
Erosion damage reduction 71l
Indirect damage reduction 1,519
Incidental benefits 3,097
GChanged land use benefits 1,855
Benefits outside project area 886

Benefits that are incidental to the project purpose amount to $3,097 an~
nually. They are: recreation, $2,600, and livestock water, $497. No addi=-
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tional project installetion costs or extra storage are required to pro-
duce these benefits.

Net secondary benefits will average $2,593 annually.,

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

The ratio of the total average annual benefits accruing to structural mea-
sures ($27,415) to the average annual cost of these measures ($21,312) is

1.3 to0 1.
Provisions for Financing Local Share of Installation Costs

Funds for the local share of the project costs will come from revenue
presently being collected by Mills County. These funds will be adequate
and available for financing the local share of the coste for structural

workse of improvement.

Operation and Maintenance

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

Conservation District.

Structural measures will be maintained jointly by the Brown-Mills Soil
Conservation District and the Mills County Commissioners Court. The value
of the average annual cost of operating and maintaining the structural
measures is estimated to be $882, at long-term price levels.

DESCRIPTION OF WATERSHED

Physical Data

The Brown-Mullin Watershed is part of the Middle Colorado River Basin lo-
cated in Mills County, Texas, and comprises that drainage which enters
Pecan Bayou below the mouth of Blanket Creek. The principal tributaries
are Brown and Mullin Creeks, which flow in a southwesterly direction into
Pecan Bayou about eight miles west of Goldthwaite, Texas. Several other
small tributaries which originate on either side of the Bayou are included
in the watershed (figure 2).

The Brown-Mullin Watershed has an area of 85,760 acres (134 square miles),
nearly all of which are in farms and ranches.

Pecan Bayou sabove this watershed has a drainage area of 2,036 square
miles, Watershed protection and flood prevention work plans have been
developed for five separate watersheds which make up a total drainage area

of Pecan Bayou above this watershed.
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The topography of the watershed is that of a moderately to gently rolling
plain, although areas of rather pronounced relief occur along the eastern
margin. Most of the watershed is underlain by shales, marls, impure lime-
stones, and a few soft sandstones and siltstones of the Trinity group of
Lower Cretaceous (Comanchean) age. The Fredericksburg group, also of Co-
manchean age, ie exposed along the eastern margin of the watershed. The
Fredericksburg formations include the Walmut clay and shell conglomerates,
Comanche Peak limestone, and Edwards limestone. These Cretaceous rocks
are underlain by strata of the Strawn group of Pennsylvanian age. The
Strawn is represented by sandetones and shales which are exposed in belts
one to three miles wide paralleling Pecan Bayou and the lower reaches of
its main tributaries. Deep clayey and sandy alluvium of GQuaternary age is
present in a narrow belt along Pecan Bayou.

The alluvial valleys of the major tributaries range in width from about
350 feet to about 1,500 feet, averaging 800 feet. Valley widths on the
Pecan Bayou flood plain range from around 700 feet to about 3,000 feet.
The average valley width on the mein stem i about 1,300 feet. Elevations
above mean sea level on the flood plain range from 1,510 feet in the upper
reaches of Brown Creek, to 1,210 feet at the mouth of Pecan Bayou. Upland
elevations in the watershed are about 1,760 feet on the northeast portion.

Brown-Mullin Watershed is in two land resource areas. The Central Rolling
Red Prairie comprises approximately 25 percent of the watershed and is lo~
cated near Pecan Bayou and the lower reaches of its main tributaries. The
soile in this ares consist of Darnell-Owens fine sandy loams and stony
clays and Prio clay loams and clays. The remaining 75 percent of the
watershed is within the Grand Prairie lLand Resource Area. The soils of
the Grand Prairie consist of Denton~Tarrant stony clays, Crawford-Tarrant
stony clays, Unnamed-Windthorst clay loams and fine sandy losms, and Un-

named stony loams and fine sandy loams.

The moile generally are in fair condition. Much small grain and many high
residue producing crops are grown and help prevent rapid deterioration of
the poil. Adequate conservation treatment is being applied effectively on

about 40 percent of the cropland.

Hydrologic cover conditions of the rangeland varies from poor to good.
Range sites in the watershed are as follows:

Sandy Rolling Prairie
Bottomland Sandy Losam
Rocky Upland Redland

Deep Upland Adobe

Pink Sandstone

The natural vegetation consists of the mixed prairie plant group. It is
compoged of Texas wintergrass, buffalograss, curly mesquite, sideoats
grama, little bluestem, silver bluestem, and liveoak trees. Invading
Plants and plants which have increased with overuse of rangeland include
threeawn, Texas grama, mesquite, and post oak. The range condition classes
of the watershed are as follows: two percent, excellent; 12 percent, good;
31 percent, fair; 55 percent, poor,
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population 219, alsc serves as & limited marketing and trading center for
farm products. From census data, it was estimated that the rural popula-
tion of the watershed in 1960 was 1,200. This is a decrease of about 900
since 1940. This decrease in population has been the trend for the last
40 years. For example, the population of Mills County in 1920, 1940, and
1960, was 9,019, 7,951, and 4,467, respectively.

The changes in farm operation and farm enterprises in Mills County are
typical of those which have occurred in the watershed.

Listed below is come census date for Mills County that indicates the magni-
tude of thege changes:

Year Year
Item 1934 1959
Average pize farm, scres 270 553
Cropland, harvested acres 79,201 32,108
Cattle and calves, Number 19,537 21,557
Sheep and lambs, Number 80,857 108,922
Corn, Acres 15,967 1,687
Oats, Acres 17,102 12,326
Wheat, Acres 2,612 1,967
Grain Sorghum, Acres 2,602 4,272

In 1936, 3,799 bales of cotton were ginned in Mills County, but in 1959,
oenly 831 bales were ginned.

For the watershed, the change from a general type of farming to livestock
farming is almost complete. In the future, it is expected that more em-

phasis will be placed on hay and grain production.

Oats and other small grains are well adapted to the soils and climate and
are important to supplement range when native grasses are dormant. These
crops will continue to be planted in the alluvial valleys and on the
deeper upland soils. The size of operating units will contimue to expand
with a gradual decrease in the number of farm units. Urban population
should remain about the same. The watershed is not an economically de-

pressed ares.

The average size farm in the watershed is about 600 acres, and the current
markst price of land is $75 to $100 per acre. Flood plain lands range
from $100 to $125 per acre. Agricultural land ig largely owner-operated,
with about 25 percent being leased or rented. Usually the leaged or
rented land is operated by a neighboring landowner,

The watershed has a good system of roads and highways. U. §. Highways 84
and 183, and State highway 16, and Farm-to-Market roads 573, 574, and
1029, serve the watershed. These highways and other county roads provide
all-weather travel within the watershed.

The Gulf, Colorado and Santa Fe Failway has excellent loading facilities
at Goldthwaite and Brownwood.
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Land Treatment Data

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

The watershed is served by the Soil Conservation Service work unit at
Goldthwaite, which is assisting the Brown~Mills Soil Conservation Dis-
trict. This work unit has assisted farmers and ranchers in preparing 165
soil and water conservation plans on 69,365 acres (8l percent of the total
agricultural land) within the watershed. Of those, 143 are basic conser—

vation plans.

Technical guidance has been furnished in establishing and maintaining
plammed land treatment measures. There are 112 conservation plans in need
of current revisions., About 40 percent of the needed méasures have been
applied. Where these measures have been applied and maintained for as
long as three years, average crop and pasture yields have increased about
one~fifth.

Satisfactory scil surveys have been completed on 41,456 acres. Another
27,142 acres needing additional s0il surveys will be completed during the
installation period. Surveys needed on the remaining agricultural land
will be asccomplished under the going district program after the project
installation period.

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

WATERSHED PROBLEMS

Floodwater Damage

The flood plain of Brown-Mullin Watershed consists of 2,919 acres, exclud-
ing 433 acres in stream chamnels (figure 2). O0f this amount, 2,724 acres
comprige the area that will be inundated by runoff from the largest storm
considered in the 42-year evaluation series. The runoff from this storm
approximates a four percent chance of occurrence storm.

At the present time, about 35 percent of the flood plain is in cultivation;
64 percent is in pasture or range; and one percent is in miscellaneous
uses.,

Some farmers and ranchers, on an individusl basis, have attempted to en-
large, straighten, and levee some streams with very little reduction of
flood damage. The adverse economic and physical effect of flooding has
been felt throughout the entire watershed and will prompt local participa-
tion in the alleviation of the flood problem.

Flocding along Brown and Mullin Creeks and that part of Pecan Bayou below
the mouth of Brown Creek occurs frequently, covering an average of 2,136
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Crop destroyed by spring flood. Note tha land demage and soil loss
caused by scour and sediment and fence damaged by debris.

Fence completely destroyed by floodwater., Other agricultural
damages such as fence and livestock losses due to floods are moderate

to heavy.
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acres annually, including areas flooded more than once & year. This
causes severe damage to growing crops and to other agricultural and nonag-
ricultural properties. Small overflows occur at least once or twice an-
nually, causing limited damage to crops, livestock, fences, roads, and
bridges. In addition, severe erosion takes place, especially on recently
Plowsd lend. Productivity has been reduced, causing some cropland to be
converted from cash crops to pasture.

The largest recent damaging flood occurred on October 3-5, 1959, when ap-
proximately 2,644 acres were flooded in the main stem evaluation reaches of
the Brown-Mullin Watershed. Information obtained from farmers and

renchers showed damages in these reaches to be in excess of $46,300. Dam-
age to crops and pasture was approximstely $18,510, and livestock losses
and damange to fences were estimated to be $25,845. Nonagricultural dam~
ages to roads and bridges were estimated at $1,978.

Spring floods damage seedbeds, growing row crops, and maturing small
grains, and, conversely, fall floods damage maturing grain sorghums, and
growing small grain., Other agricultural damages are high in this water—
shed. Some fences have to be completely reconstructed as often as once
every five years. Interviews with farmers and ranchers indicate that
livestock losses of cattle and sheep are heavy from the larger floods.

For floods expected to occur during the evaluation period, the total
direct average anmal floodwater demage is estimated to be $26,032, at
long-term price levels (table 5). This includes crop and pasture damages
($14,494), and other agricultural damages ($10,313), and nonagricultural
damages to roads and bridges ($1,225).

Indirect damages, such as interruption of travel to and from school and
work, and interruption of community activities, are estimated to average

$2,886, annually.

Sediment Damage

Deposits of silty sand ars sparsely scattered on the floed plain in the
lower reaches of the watershed. The average annual value of this damage

is $834.

In addition to the sediment deposited on the flood plain of this water-
shed, an estimated 61,700 tons of sediment is delivered by Brown and
Mullin Creeks to the mouth of the watershed each year. The delivery of
part of this sediment to the Colorado River and thence to Lake Buchanan
decreases the storage capacity of the reservoir by an estimated 40 acre-
feet per year. The average annual monetary value of this damage is esti~
mated to be $1,180, at long-term price levels,

Also, it is estimated that 4.8 acre-feet of sediment is delivered each
year to Lake Merrit on upper Brown Creek. This represents a monetary dam-
age for capacity loss of $329 annually, at long-term price levels.
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Erosion Damages

Erosion rates in this watershed are low. This is due to & combination of
factors, including gentle slopes, & high percentage of rangeland, and ex-
tensive land treatment practices such as contour farming, terracing, and
crop residue use on the cultivated areas.

Flood plain scour accounts for average annual damage to 330 acres, with
damages ranging from 10 to 50 percent in terms of reduced productivity of
the soil. The average annual monetary value of this damage is estimated
to be $1,667 at long-term price levels. Total land demage from streambenk

erosion is minor.

PROJECTS OF OTHER AGFNCIES

Lake Merrit, located six miles north of Goldthwaite, Texas, on the upper
"end of Brown Creek, was built in 1917 by the Gulf, Colorade and Santa Fe
Railway Company. The original capacity of the lake was 962 acre-feet,
with a surface area of 98,1 acres. Based on a 1940 sedimentation survey
by the Soil Conservation Service, the present storage capacity is esti-
mated to be 729 acre-feet. The lake, formed by an earth fill dam and con—
crete spillway, has a drainage area of 11.43 square miles. Since conser—
vation storage is at spillway crest, there is no provision for flood stor—
age in the lake. The lake is now operated as a private recreation ares by
the Mills County Sportsman's Club.

In evaluating this plan, consideration was given to the Fox Crossing
Reservoir, located just downstream from the mouth of Pecan Bayou on the
Colorado River, proposed by the U. S. Corps of Ingineers, and recommended
by the U. S. Study Commission in their report of March 1962. While no
Federal funds have been authorized for advance planning or construction of
the reservoir, benefits to the Brown-Mullin project reflect the facility
in place by 2010. No benefits from reduction in the Fox Crossing Reser-
voir sediment storage requirements were assigned to the upstream rroject.

The works of improvement included in this and similar plans in the Colo-
rado River Basin will have significant effect, none of which are detri-
mental, on existing downstream works of improvement or those propesed in
the water resource develomment plan for this basin.

The flood prevention program will result in minor reduction in average an-
nual runoff from the watershed., Reduction in average annual runoff at the
floodwater retarding structure sites is eight percent. This is an equiva—
lent reduction of two percent over the watershed.

BASIS FOR PROJECT FORMULATION

After a reconnaissance of the watershed was made by gpecialists of the
wetershed planning party, meetings were held with the local sponsoring
organizations to discuss existing problems and to formulate objectives for
a watershed protection and flood prevention program. This watershed de-
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pends almost entirely on agricultural enterprises for its income. Live-
gtock farming is the major type of operation., Moderate-to-gevere flooding
causes extensive damage to flood plain lands, crops, pastures, and cother

agricul tural properties.

It is recognized by the lecal sponsoring organizations and planning per-
gsonnel that development of a sound watershed protection and fleood preven-
tion project will present many problems due to the wide variation of soil
types and treatment needs and the topography and structure site locations.
It is also recognized that flood protecticn for the main stem of Pecan
Bayou (Reach 1) will depend primarily on flood control measures previcusly
planned for the Pecan Bayou drainage above this watershed.

Work plans for watershed protection and flood prevention have been devel-
oped for the five watersheds covering the 2,036 square miles of Pecan
Bayou drainage area above thie watershed.

The following table indicates the present status of each of these water-
sheds: .

Watershed Drainage Area Present Status
(Square Miles)

Jim Ned Creek 746.0 Under Construction

Turkey Creek 92,5 Under Construction

Blanket Creek 196.0 Under Construction
Brownwood laterals 205.0 Authorized for Construction
Upper Pecan Bayou 696,5  Authorized for Construction

Total 2,036,0

Existing, authorized and proposed works of improvement of other agencies,
beth within and cutside this watershed area, were examined and studied to
determine how they would affect, or be affected, by thie project. Con-
gsideration was given to the effects of the authorized work plane for the
Pecan Bayou drainage area above this watershed. All of the possibilities
for development were discussed with the leocal sponsors.

The opportunities for including storage capacities for purposes other than
flood prevention were explained, as were the local responsibilities in
cormection with completing a project. The local sponsoring organizations
congidered the possibility of providing storage for agricultural and non-
agricultural water management, and figh and wildlife development which
might be included in the project. The sponsors determined that a project
for watershed protection and flood prevention would most nearly meet their
needs and that no group or individualwas interested in additional storage

capacities for other purposes.

In addition to expressing the desire for the establighment of a complete
progrem for seil and water conservation on the watershed, the following
specific objectives were named by the local interests:
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l. Establish the remaining land treatment measures which
contribute directly to watershed protection and flood
prevention, based on current needs.

2, Attain a 65-to-70 percent overall reduction in average
enmual flood damages so as to insure sustained agri-
cultural production on flood plain lands and maintain
the economy of the watershed.

The Soil Conservation Service agreed that the desired level of flood pro-
tection and watershed improvement was reasonable. Although reduction in
flooding would result from application of needed land treatment measures,
it wag apparent that other flood prevention measures would be required to
attain the degree of watershed protection and flood damage reduction de-
sired by the local people. It was recognized that a complete watershed
Program would result in a reduction of land devoted to crop production and

in acreages of crops now in surplus supply.

Structural measures for watershed protection and flood prevention which
would be feasible 1o install to meet the objectives of the local sponsor-
ing organizations were then determined.

In selecting the sites for floodwater retarding structures, consideration

was given to locations which would provide the desired level of protection
to the areas subject to flood damage. The size, number, design, and cost

of the structures was influenced by the location of the damaged areas, the
complex topography, and the geologic conditions of the watershed, together
with the availability of embankment fill material.,

The recommended system of structures most nearly meets the project objec—
tives in providing the desired level of protection for agricultural enter-
prises and satisfying the needs of the watershed at the least cost.

WORKS OF IMPROVEMENT TO BE INSTALLED

Land Treatment Measures

An effective conservation program based upon the use of each acre of agri-
cultural land within its capabilities and its treatment in accordance with
its needs, such as is now being carried out by the Brown-Mills Soil Con-
servation District, is essential for a sound flood prevention program on
the watershed. The establishment and maintenance of all applicable soil
and water conservation and management practices necessary to proper land
use is basic to this objective. Acceleration of the establishment of land
‘treaiment measures which have & measurable effect on reducing floodwater

damages will be emphasized,

There are 18,176 acres above the planned floodwater retarding structures.
Land treatment is especially important on these watershed lands to protect
the structural measures. On the remaining 64,665 acres of upland, land
treatment measures are all important since they constitute the only
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Proper range use and deferred grazring increase cover and species of
better grasses by allowing ranges to seed. Note the seed crop of little
bluestem and Indiangrass and the good cover being provided.

Brush control on rangeland allows better species of forage grasses to
increase thereby improving cover conditions of the ranges.
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Planting swall grain on the contour. Terracing and contour farming
help conserva runoff and decrease ercosion on cropland.

Crop residue management helps prevent erosion and decrease runoff by
helping more water to penetrate the soil,
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planned measures for watershed protection. A conservation program on the
2,919 acras of agricultural flood plain is also important in reducing
floodwater and erosion damages.

The acreage in each major land uge and the estimated cost of establishing,
on each, the needed major land treatment measures that will be installed
by landowners and operators during the 10-year installation period are
ghown in table 1. The local people will continue to install and maintain
land treatment measures needed in the watershed after the 10-year install-
ation period. GStandard soil surveys will be completed on 27,142 acres
under the going program during the project installation peried. Surveys
needed on remaining agricultural land will be accomplished under the going
program following the project installation pericd.

There is a8 trend toward conversion of smell fields of rolling, eroded
eropland, to hay or pasture usage., Most of the cropland in the watershed
has a high productive capability, and in recent years, the trend has been
toward better manggement and fertilization to increase cover and residues.
Also, the use of smell grains is increasing considerably.

Most of the land treatment measures will function principally to decrease
erosion dsmage to crop and pasture lands by improving soil~-cover condi-
tions. These include conservation cropping systems and crop residue use
for the cropland, and range seeding to establish good cover on grassland.
They also include brush control to allow grass stands to improve and re-
place the poor brush cover on grassland; construction of farm ponds to
provide adequate watering places to prevent cover-destroying concentra-—
tions of livestock; and proper use and deferred grazing of rangeland to
provide improvement, protection, and maintenance of grass stands. These
messures algo effectively improve soil conditione which allow rainfell to
soak into the soil at a more rapid rate.

Other beneficial land treatment measures include contour farming, terrac—
ing, diversions and irrigation and water management practices, all of
which have a measurable effect in reducing peak discharge by slowing run-
off. These measures also reduce erosion damage and sediment production.

Structural Measures

A system of seven floodwater retarding structures will most nearly afford
the degree of flood prevention desired, and mutually agreed on by the local
people. This flood protection cannot be provided by land treatment mea-
sures &lone. Atdditional structures were evaluated to determine if a
greater reduction in average annual damages could be obtained. The evalu-
ation showed that the additional structural measures considered could not
be justified economically, and that the system of seven floodwater retard-
ing structures would produce the highest net benefit per dollar of cost.

Flood detention storage in the structures will range from 3,30 to 5.50
inches of runoff, depending on local conditions.
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The following tabulation reflects the degree of control, detention storage
in acre-feet &nd inches, and the equivalent detention storage for Brown
and Mullin Creeks and the Pecan Bayou Basin:

fCape.city fCapacity
‘Bquiva- ’Equivalent

Irainage fDmainage

Drainage 'Ares Con- Area Con-

Watershed ‘Area of ‘trolled .trolled 'gocionii®lent pres’Watershed
‘Watershed by Struc-'by Struc- rage .Con- ‘Area

; fures - tures

. ;trolled :
(Sq.Mi.) (Sq.Mi.) (Percent) (Ac.Ft.) (Inch) (Inch)

Upper Pecan

Bayou 696.50 343.00 49.20 57,405 3.14 1.55
Turkey Creek 92.50 52.80 55.00 10,360 3,67 2.10
Jim Ned Creek  838.50 377.25 50.57 96,679 4.83 2.42
Brownwood

Laterals 305.00 96.64 31.69 23,548 4.56 1.45
Blanket Creek 196.00 81.75 41.71 16,158 3,70 1.54
Brown-Mullin

Creek 134,00 28,40 21.19 5,598 3.85 0,82
Total Program 2,170.00 979.84 45.15 209,748 4.01 1.81

Capecity was provided in the floodwater retarding structuxes to store the
100-year accumulation of sediment. However, the principal spillway of all
sites will be set at the 50-year sediment volume elevation.

Figure 1 shows a section of a typical floodwater retarding structure.
Plens of a flocdwater retarding structure typical of those planned for
thig watershed are illustrated by figures 3 and 3a. The locations of the
structural measures are shown on the Project Map (figure 4).

There are seven lowwater crossings on county roade and numerous private
intrafarm lowwater crossings on Brown and Mullin Creeks that will be af-
fected by the release flow from the principal spillway of floodwater re-
tarding structures. Under present conditions, water flows over these
cressings for relatively short periods following rains. After the struc-
tures are installed, the flew will be reduced in peak, but will be greatly
prolonged. One county road located in the vicinity of Structure Site 5

will be relocated (figure 4).

The total area of the sediment pools, including reserve, is 147 acres, and
none of these are flood plain lands, The detention pools will temporarily
inundate an additional 433 acres and none of these are fleced plain lands.

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

lar type spillway.
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Runoff from heavy rains being controlled by floodwater retarding
structures in a nearby watershed.

Floodwater retarding structures releasing water slowly through
the principal spillway following heavy rains.
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A1l applicable State water laws will be complied with in the design and
construction of the planned structural meagures.

The details on quantities, costs, and design features of the floodwater
retarding structures are shown in tables 2 and 3.

EXPLANATION OF INSTALLATION COSTS

The estimated cost of plamming and installing land treatment measures, ex-
clusive of Federal funds, is $420,060, based on current program criteris
{table 1), In addition, prior to work plan preparation, landowners and
operators have established land treatment measures at an estimated non-

Federal cost of $513,990 {table la).

Prior to work plan preparation, $6,500 of flood prevention funds were used
by the Soil Conservetion Service for the acceleration of technical as-
sistance to landowners and operators. This technical assistance will be
continued during the period of installation at a cost of $13,000. Land
treatment costs are based on present prices being paid to landowners or
operators to establish the individual measures in the area.

The land treatment measures to be applied and the unit cost of each mea-
sure were estimated by the Brown-Mills Soil Conservation Distriet.

The estimated cost of installing the seven floodwater retarding structures
is $623,629, Of this amount, $64,284 will be borne by local interests,
and $559,345 by flood prevention funds, of which $447,148 is construction
costs $112,197 is installation services.

Land, essements, and rights«of-way, and relocation of roads, bridges,
utilities, and other improvements for the floodwater retarding structures
will be provided by local interests at no cost to the Federal government.
The value of these is estimated to be $58,439, based on current market
value estimated by local organizations. An additional $5,845 of non-
Federal funds will be expended for legal and other services regquired in
obtaining land, easements, and rights-of-way.

Construction costs include both the engineers' estimates and the contin-
gencies. The engineers' estimates were based on the unit costs of flood-
water retarding structures in similar areas, modified by special condi-
tions peculiar to each individual site location. They include such items
as rock excavation, permeable foundation conditions, and site preparation.
Ten percent of the engineers' estimates was added as a contingency to pro-

vide for unpredictable costs.

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

The tentative schedule of obligations for the complete 10-year project in-
stallation period, including instasllation of both land treatment and struc-

tural measures, is as follows:
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Federal

Non-Federal

Fiscal : : :

Year f Measures f Funds f Funds f Totals
(dollars) (dollars) (dollars)
First Land Treatment i; %,388 33,605 34,905
Second Land Treatment + 3 37,805 39,105
Structure Nos. 1,2,3 249,450 31,488 280,938
Third Land Treatment ;/ 1,300 42,000 43,300
Structure Nos. 4,5,6,7 309,895 32,796 342,691
Fourth Land Treatment Y 1,300 50,407 51,707
Fifth Land Treatment Y 1,300 58,808 60,108
Sixth Land Treatment %f 1,300 50,407 51,707
Seventh Iand Treatment 5 1,300 46,207 47,507
Eighth Land Treatment 1,300 37,805 39,105
Ninth Land Treatment i; 1,300 33,605 34,905
Tenth land Treatment 1,300 29,411 30,711
TOTAL 572,345 484,344 1,056,689

1/ Includes only accelerated technical assistance.

This schedule will be adjusted from year-to~year on the basis of any sig-
nificant changes in the plan found to be miturlly desired, and in light of

appropriations and accomplishments actually made.

EFFRECTS OF WORKS OF IMPROVEMENT

After installation of the combined programs of land treatment and struc-
tural measures described above, average amnual flooding will be reduced
from 2,136 acres to 943 dcres. This project will benefit directly approxi-
mately 50 owners of agricultural flood plain lands. ZReduction in area in-
undated varies with respect to location within the watershed. The effect
of the project in each ares is shown in the following tebulation:

Average Annual Area Tnundated
Evaluation :

Without ' With ° .
(f?:ﬁig 2) f Project f Project :Reductlon
(acres} (acres) (percent)
1 94 37 61
2 292 191 35
3 1,750 715 59
Total 2,136 943 56

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

the installed project:
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Area Inundated
Average Recurrenoe Interval

Ehgizgzion : ~ 3-vear : 10-year : 25=-year

(fi o 2) : Without: with : Without: With : Without: With
gur : Project: Project: Projeot: Project: Project: Project
(acres) (mcres) (acres) (acres) (acres) (scres)

1 118 53 168 103 184 130

2 200 156 425 238 500 426

3 1,200 590 1,790 1,020 2,040 1,310

Total 1,518 799 2,283 1,461 2,724 1,866

Owners and operators of flood plain lands reported they would restore 83
acres now in low-yield pastures to production of higher value crops when
adequate flood protection is provided. This land was formerly cultivated,
but is now used only for grazing. It will be used to produce hay, grain
gorghum, and small grains other than wheat. It was determined that no in-
orense in allotted orops would result in this changeover. Some small
grains and grain sorghums now grown on upland soils would be shifted to
more productive bottomlands.

It was determined from discussion with farmers and other agricultural
workers that about 327 acres of flood plain lands would be farmed more
intensively with flooding reduced. The timeliness of farm operations and
a more secure feeling with the project installed will result in the ap-
plication of better farming techniques. More fertilizer will be used,
more insecticides applied, and the use of certified and treated seed will

be more common.

Shifts in upland use will reduce the total acreage of cropland in the
watershed during the project installation period. Allotment crops of
cotton and wheat will be reduced to some extent. Decreages in cropland
will result from the oonversions of cropland to grassland and grassed
waterways as a result of the planmned sccelerated land treatment program.

Some loss of wildlife habitat will result from the clearing of sediment
pools at & few of the structure sites, but these losses will be offset by
fish production and habitat for wild fowl. Wildlife habitat in the flood
plain areas will be improved by reduction of frequency, depth, and dura-

tion of flooding.

Incidental benefits will result from use of the sediment pools of flood-
water retarding structures. It is estimated that these seven structures,
with & combined total of 104 surface-acres in sediment pools, will be open
to the general public for recreation with permission of the landowners.
Recreation, such as camping, picnicking, fishing and hunting will be avail-
able to local people throughout the year. Based on the use of existing
structures, it is expected that the project will have an average use of
approximately 5,200 visitor days annually. Recreational use of sediment
pools will cease after about 38 years because of depletion in capacity by
sediment deposition.
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Sediment pools of the seven floodwater retarding structures will provide a
more dependable water supply for livestock. .

Benefits will accrue to the project from some reduction in floodwater and
sediment damages outside the project area. These benefits will occur on
the Colorado River mainstem below the mouth of Pecan Bayou. Secondary
benefits, including increased net income in local business activities will
be realized after installation of the complete project. The increased
farm production will provide an outlet for sale of products used in agri-
cultural production. These will include farm equipment, fertilizers, seed,
feed, and insecticides., It will provide added income to farm families,

and improve their standard of living. It will also stimzlate local busi-
ness establishments in the sale of sporting goods, boats, motors, and other
goods and gervices associated with recreation.

Land treatment measures will reduce the present average annual sediment
yield to the seven floodwater retarding structure sites from 0.34 to C.31
acre-feet per square mile of drainage area, a reduction of 9 percent. Sim-
ilar reductions are expected in other portions of the watershed.

The anraal flood plain scour damage is expected to be reduced about 6C per-
cent. Five percent will be attributable to land treatment and 55 percent

to the structurzl measures.

The annual sediment yield to the mouth of the watershed is expected {o be.
reduced from 61,700 tons to 40,800 tons, with the project installed.

The complete program will result in a reduction of 13 acre-feet of anmual
capacity loss to Lake Buchanan and 2.2 acre-feet annually to Lake Merrit.

PROJECT BENBFITS

It is estimated that the average anmial monetary floodwater, sediment, ero-—
sion, and indirect damages within the watershed will be reduced from
$31,748 to $11,312, by the project (table 5). This is a reduction of 64
percent. Approximately 94 percent of this reduction in the average annual
damage will result from the system of floodwater retarding structures. In
addition, average annual damage reductions of $886 will accrue on the Colo-
rade River mainstem and to Lake Buchanan.

The following presentation shows, by evaluation reaches, the effect the
program of land treatment and structural works of improvement will have in
the reduction of monetary damages caused by the 3-year, 10-year, and 25-
year frequency floods:
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Direct Monetary Flocdwater Damage
Average Recurrence Interval

Evgl:a;ion ; 3-year : 10-year : 25-year

(f.e ° 2) : Without: With : Without: With : Without: With
Leure s+ Project: Project: Project: Project: Project: Project
{dollars)(dollars}(dollars)(dollars){dollars){dollars)
1 744 322 1,365 630 1,739 808
2 1,059 785 2,478 1,909 3,050 2,505
3 18,320 6,054 36,295 14,262 40,424 20,586
Total 20,123 7,161 40,138 16,801 45,213 23,899

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

Average Annmual Damagel/

Evaluation : Without : With
Reach : Project : Project :Reduction
(figure 2) 2/ : 2/ 2
(dollars) (dollars) (percent)
1 5.117 3,652 29
2 1,258 693 45
3 23,485 6,967 70
Total 29,860 11,312 62
1/ Excludes values of restoration of former
productivity.
2/ Baged on long-term prices, September 1957
projections.

Benefits due to sediment reduction to Lake Merrit are estimated to be §$178
ennmually.

The estimated net incremse in farm inceme due to restoration of former pro-
ductivity will amount to $1,716 annually, at long-term price levels. This
loss from the original production has been included as a crop and pasture

" damage and its restoration a benefit in table 5.

The net increase in income due to more intensive use of flood plein lands
will amount to §1,855 annually.

Ne increase in allotted crops is expected to result from the project.

Benefits from reduction of floodwater and sediment damages outside the
project area are estimated to average $886 annually. These reductions
will coccur aleong the Colorade River mainstem below the mouth of Pecan
Bayou and to lake Buchanan.

Recreation benefits incidental to the project will amount to $2,600 an-
nually. An economic analysis was made of existing recreation facilities.
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Based on studies completed in the area, supplemented by data from projects
installed on nearby watersheds, it was estimated that approximately 5,200
people wounld use the sediment pools for recreation annually. After deduc-
tion of associated costs, a value of $0.50 per visitor dey wes used in cal-
culating incidental recreation benefite. Peak use, estimated at 250 per-
sons, will occur on holidays and weekends through the spring and fall,

Incidental benefits resulting from the use of sediment pools for livestock
water were estimated at $497 annually.

Secondary benefits from a national viewpoint were not considered pertinent
to the economic evaluation. The project will, however, provide a higher
level of imcome to farmers and stimulate business in towns and marketing
centers in and adjacent to the watershed. The monetary value of secondary
benefits is estimated to be $2,593 annually.

Consideration was given to decreased production in pool areas resulting
from project installation. The amortized value of land in pool areas
($1,652) exceeded the net loss in pool area production plus associated
gecondary losses ($592) and no further calculations were made,

The total average annual benefits from structural works of improvement are
estimated to be $27,415.

Since Mills County has not been designated as eligible for assistance
under the Area Redevelopment Act, no redevelopment benefits were eatimated

a8 a result of project installation.

In addition to monetary benefits, other benefits will accrue to the proj-
ect, such ag an incresed sense of security, better living conditions, and
improved habitat for wildlife. None of these benefits were given & mone-
tary value and used for project Justification.

COMPARISON OF BENEFITS AND COSTS

Average annual primary benefits of $24,822 will accrue from $21,312 annusl
equivalent costs. This represents a primary benefit of about $1.20 for
each dollar of cost.

The average anmal cost of structural measures (amortized total installa~
tion costs plus operation and maintenance) is estimated to be $21,312,
The ratio of the total average ammual project benefits ($27,415) to the
average anmal cost of structural measurss ($21,312) is $1.30 for each
dollar of cost (table 6).

FROJACT INSTALLIATIOW

Land Treatment Measures

The land treatment measures needed to protect both the cropland and range-
land ag shown in table 1 will be established by farmers and ranchers in
cooperation with the Brown-Mills Soil Conservation District during the
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10-year installation period. The district is giving essistance in the
planning and application of these measures under ite going programs.

These going programs will be accelerated with flood prevention funds to
assure application of the planned messures within the 1l0-year installation

period.

In reaching the goal for establishing land treatment measures during the
installation period, it is expected that accomplishments will progress

about as follows:

: FISCAL YEAR
land Use  ——13x———~"73g : 34 i 4th 1 ___5th
(acres) (acres) (acres) {acres) {acres)
Cropland 398 448 498 597 697
Rangeland 2,441 2,746 3,051 3,662 4,272
Total 2,839 3,194 34549 4,259 4,969

: FISCAL YEAR (Continued)
land Use oy 7th :_ Bth ; 9th i 10th : TOTAL

) {acres) {ecres) (acres) (acres) (acres) (acres)

Cropland 597 547 448 398 347 4,975
Rangeland 3,662 34356 2,746 2,441 2,136 30,513
Total 4,259 34903 3,194 2,839 2,483 35,488

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

Ths So0il Conservation Service work unit will assist landowners and opera-
tors cooperating with the district in accelerating the preparation of soil
and water conservation plans and in the application of conservation prac-

tices.

The s0il and water conservation loan program of the Farmers Home Adminis—
tration is aweilable to all eligible individual farmers and ranchers or
organized groups in the area., Educational meetings will be held in coop-
eration with other agencies to outline the services available and eligi-
bility requirements. Present FHA clients will be encouraged to cooperzate

in the project.
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The county Agrioultural Stabilization and Conservation committee will co-
operate with the governing body of the soil conservation district by selec-
ting and recommending financial assistance for those ACPS practices that
will accomplish the conssrvation objectives in the shortest pessible time,

The Extension Service will assist with the educational phase of the prog-
ram by conducting general information and local farm meetings, preparing
radic, television and press releases, and using other methods of getting
information to landowners and operators in the watershed. This aciivity
will help get the land treatment practices and structural measures for

flood prevention established.

Structural Measures

The Soil Conservation Service will contract for the comstruction of the
geven floodwater retarding structures. It also will provide technical
gspecialists to prepare plans and specificatione, supervise construction,
prepare contract payment estimates, wake contract payments, make final
inspections, certify completion, and perform related duties for the in-
stallation of the structural measures.

The Mills County Commissioners Court, in cooperation with the Brown-Mills
Soil Conservation District, will furnish the land, easements, and rights-
of-way and arrange for roed, utility, and improvement changes for all
structural measures. They will install culverts or make other needed im-
provements to keep crossings on public roade passable, while the flood-
water retarding structures are operating. Local interests will be respon-—
gible for the improvement of individually-owned crossings. The cost of
these improvements is included in the estimated cost of land, easements,

and rights-of—way.

There are no construction units in this watershed, therefore, structures
will be constructed after all necsssary land, easements and rights-of-way
have been obtained for all planned structural measures. The seven flood-
water retarding structures will be constructed during the 10-year install-
ation period in the generasl sequence of Sites 1, 2, 3, 4, 5, 6, and 7.

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

ments.

FINANCING PROJECT INSTALLATION

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

The cost of establishing land treatment measures will be borne by the
owners and operators of the land. It is expected that the owners and
operators will be reimbursed for a portion of this cost through the exist-
ing Agricultursl Conservation Program Service, Great Plains Conservation
Program, or other Federal programs. The amount of reimbursement to be ex-
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Pected has been estimeted, based on current program criteria, and this
amount has not been included in the total estimeted non-Federal cogt for

land treatment listed in table 1.

Flood prevention funds will be umed to accelerate technical assistance by
the Scil Conservation Service to landowners and operators in the applica~
tion of land treatment measures.

Baired on experience in this area, the local sponsorg have estimated that
more than 90 percent of the needed land, easements, and rights-of-way for
the floodwater retarding structures will be donated. Sufficient funds
will be made available from taxes now being collected to meet all local
obligations in completing this project. '

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

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

2, All required laud, easements, end rights~of-way have
been obtained.

3. The project agreements have been executed.
4. Operation and maintenance agreements have been executed.

5. Flood prevention funds are available.

FROVISIONS FOR OPERATION AND MAINTENANCE

Land Treatment Messures

Land treatment measures will be operated and maintained by the owners and
operators of the farms and ranches on which the measures are installed
under agreements with the Brown-Mills Soil Conservation District. Repre~
sentatives of this district will meke pericodic inmpections of the land
treatment measures to determine maintenance needs and to encourage land-
ownerse and operators to perform meintenance. Digtrict~owned equipment
will be mede available for this purpose in accordance with existing ar-
rangements for equipment usage.

Structural Messures

All peven of the proposed floodwater retarding structures will be operated
and rmaintained jointly by the Mills County Commissioners Court and :he
Brown~Mills Soil Comservation District.

The estimated average annual operatinn and maintenance cost is $882, based
on long-term prices, The necessary maintenance work will be accomplished
through the ugse of contributed labor and equipment, by contract, by force
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account, or & combination of these methods., Funde for this work will he
provided by the Mille County Commissioners Court.

All floodwater retarding structures will be inspected by representatives
of the local sponsoring organizations after each heavy rain, or at least
anmually, A Soil Conservation Service representative will participate in
these ingpections at least anmually, for a pariod of at least three years.
Items for inspection for the floodwater retarding structures will include,
but will not be limited to, the condition of the principal spillway and
its appurtenances, the emergency spillway, the earth fill, the vegetative
cover of the earth fill and the emergency spillway, and fences and gates
installed as part of the structures. The items of inspection are those
mogt likely to require maintenance.

The sponsoring local organizations will maintein a record of the inspec-
tions and mainteaance work performed and have it available for review by

Soil Congervation Service persnanel.

Provigions will be made for free access of representatives of the sponsor-
ing organizations and the Federal govermment to inspect the floodwater re—
tarding structires and their appurtenances at any time.

The sponsoring local organizations fully understand their obligations for
maintenance and will execute specific maintenance agreements prlor to the
igsuanca of any invitation to bid.
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TABLE 1 - ESTIMATED PROJHCT INSTALLATION COST Y

Brown-Mullin Watershed, Texas
(Middle Colorado River Watershed)

Price Base: 1964
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Ingtallation Period

Installation Cost

: Betimeted Cost 2/

Ttem :Unit:Number: Federal :Non-Federal: Total
(dollars) {(dollars) (dollars)
LAND TREATMENT
Soil Congervation Sexrvice
Cropland Acre 4,975 - 102,710 102,710
Grageland Aere 30,513 - 317,350 317,350
Technical Assistance (Accel.) 13,000 - 13,000
308 Subtotal 13,000 420,060 433,060
TOTAL LAND TREATMENT _ ___ 13,000 420,060 433,060
STRUCTURAL MEASURES
Soil Conservation Service
Floodwater Retarding
Structureg No. 7 447,148 - 447,148
Subtotal - Construction 447,148 - 17,148
Installation Services
Soil Conservation Service
Engineering Services 70,763 - 70,763
Other 41,434 - 41,434
SC8 Subtotal 112,197 - 112,197
Subtotal - Installation Services 112,197 - 112,197
Other Costs
land, Easements and Rights-of-Way - 58,439 58,439
legnl Fees e - 5,845 54845
Subtotal = Other L - 64,284 64,284
TOTAL STRUCTURAL MEASURES ___ 5594345 64,284 623,629
WORK PLAN PREPARATION 303,000 - 30,000
TOTAL PROJECT 602,345 48£L2ii==LéQ§§%€§2
SUMMARY
Subtotal - 8CS 602,345 484,344 1,086,689
TOTAL PROJECT L 602,345 484,344 1,086,689

1/ Does not include prior =xpenditures of flood prevention funds or accom-
plishments resulting therefrom (see table la).

2/ Excludes costs that will be reimbursed from other Fedaral funds.

4-z0987% 12464
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TABLE la - STATUS OF WATERSHED WORKS OF IMPROVEMENT Yy
Brown-Mullin Watershed, Texas
(Middle Colorado River Watershed)
Price Base: 1964

Prior to December 1965
Estimated Cost :

Installation Cost e ey . ’
:Unit : Number : 2/t Non- : Total
Item Federal 3/
: H : tFederal< :
(dollars) (dollars) (dollars)
LAND TREATMENT
Soil Conservatiocn Service 5/
Contour Farming Acre 3,748 - 37,480 37,480
Crop Residue Use Acre 4/ 4,672 - 46,720 46,720
Conservation Croppi
System i Acre i; 4,541 - 68,120 68,120
Proper Range Use Acre 1/ 29,191 - 72,980 72,980
Deferred Graging Acre 21,926 - 87,700 87,700
Range Seeding Acre 1,875 - 18,750 18,750
Brush Control Acre . 15,812 - 79,060 79,060
Terraces, Graded Foot 485,000 - 16,980 16,980
Diversions Foot 187,000 - 18,700 18,700
Farm Ponds No. 270 - 67,500 67,500
Technical Assistance (Accel.) 6,500 - 6,500
_ SCS Subtotal 6,500 513,990 520,480
TOTAL LAWD TREATMENT 6.%30 513,990 520,490
STRUCTURAL MEASURES
Soil Conservation Service
Floodwater Retarding
Structures No. - - -
Subtotal - Construction - - -
Ingtallation Services
Soil Conservation Service
Engineering Services - - -
Qther - - -
Subtotal - Ingtellation Services - - -
Qther Costs
Land, Easements and Rights-of-Way - - -
Legal Pees - - -
Subtotal - Other - - -
TOTAL STRUCTURAL MEASURES - - -
WORK PIAN PREPARATION - - -
TQTAL PROJECT 6,500 51%,990 520,490
SUMMALY .
Subtotal - 8CS 6,500 513,990 520,490
TOTAL PROJECT 6,500  51%.,990 520,490

1/ At time of work plan preparation.
2/ Flood Prevention funds only.
3/ Excludes costs that were reimbursed from other Federal funds.
A/ The level of application of the management and recurring-type practices
reached at the time of work plan preparation and are not cumulative.
NOTE: There are no Federal lands in the watershed.
December 1965
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TABLE 4 - ANNUAL COSTS -]-'/
Brown-Mullin Watershed, Texss
Middle Colorado River Watershed

32

(Dollars)
f Amortization f Operation =
Evaluation Unit ; of : and ; Total
. Ingtallation | Maintenance
. Costs 2/ Costs 3/ °
All Floodwater Retarding _
Structures _ 20,430 882 21,312
Total 20,430 882 21,312

1/ Does mot include work plan preparstion cost.
2/ 1964 prices smortized for 100 years at 3~1/8 percent.
2/ Long-term prices as projected by ARS, September 1957.

4a20 48T 12e85
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TABLE 5 -~ ESTIMATED AVERAGE ANNUAL FLOOD DAMAGE REDUCTION BENEFITS

Price Base: Long-term Y

Brown-Mullin Watershed, Texas
Middle Colorado Rivsr Watershed

Estimated Average

:
. . Damage
Item X Vit Anm 1_ . Reduction
H out : With ! genefit
i___Project s___FProject :
(dollars) (dollars) (dollars)
Flcodwater
Crop and Pasture 14,494 5,008 9,486
Other Agricultural 10,313 3,057 7,256
Roads and Bridges 1,225 558 667
Subtotal 26,032 8,623 17,409
Sediment
Overbank Deposition 834 624 210
Reservoir 329 151 178
Subtotal 1,163 175 388
Erosion
Flood Plain Scour 1,667 886 781
Indirect 2,886 1,028 1,858
Total 31,748 11,312 20,436

1/ Long-term prices as projscted by ARS, September 1957.
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INVESTIGATIONS AND ANALYSES

Land Use and Treatment

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

Cover conditions and range sites were determined from available range sur-
veys and other cover information obtained from records of the polil consexr-
vation district and expended, with assistance from personnel of the Soil
Conservation Service work unit to the entire watershed.

The status of land treatment measures and practices effectively applied
and the current conservation needs, based on range conditions and lend
capability classes developed from soil surveys, were secured from rscords
of the Brown-Milleg Soil Conservation District. From this information,
with assigstance of persomnel from the Soil Conservation Service work unit
at Coldtlwaite, estimates were made of the various practices contributing
directly to flood prevention which will be applied on the watershed during
the 10-year installstion period. The hydraulic, hydrologic, sedimentation
and economic investigations provided date on the effect land treatment
measures would have on reduction of flood damages.

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

Engineering Investigations

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

1. A bage map of the watershed was prepared showing the
wotershed boundary, drainage pattern, system of roads,
and other pertinent information. A stereoscopic study
of consecutive 4-~inch aerial photographs was used to
locate all probable floodwater retarding struecture
gites, the limits and the area of the flood plain, and
other pointe where valley cross-sections should be
taken for the determination of hydreulic character-
istics and for flood routing purposes. This informa-
tion was placed on the watershed base map for use in
field surveys.

2. Pield examinations were made of all probable flood-
water retarding structure eites previously located
stereoscopically. Sites which did not show good
storage poseibilities or which would inundate high-
ways or improvements for which the cost of relocation

d- 288487 12+85
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oould not be economically justified, were dropped from
further consideration. From the remaining sites, a sys-
tem of floodwater retarding structure sites was selected,
based on the degree of control desired, for further oon-
gideration and detailed survey. Plans of a floodwater
retarding structure typical of those planned for this
watershed are illustrated by figures 3 and 3a.

The cross-sections of the flood plain, previously lo-
cated stereoscopically, were exemined in the field, ad-
Justed to give the best representation of hydraulio
oharacteristics and surveyed at the selected locations
(figure 2). Data developed from these oross-sections
permitted the computation of peak disoharge-stage-
damage relationships for various flood flows. A map
was prepared of the flood plain on which land use,
crosg-section locations, and other pertinent informa~
tion were recorded.

A topographic map with 4-foot contour intervals was
made of the pool area of each of the proposed sites to
determine the storage capacity of the site, the eeti-
mated cost of the structure, and the areas of the flood
plain and upland that would be inundated by the sedi-
ment and detention pools. Maps of the structure wmitss
were developed by use of the stereoplotter and other
standard survey prooedures. Topographic meps with
one-foot contour intervals and a scale of one inch
equals 50 feet were developed for each emergency spill-
way to determine spillway design. Sediment storage re-
quiremente were determined for each site through the
study of the physical and vegetative conditions of the
drainage area above the site. Spillway widths, depths
of flow, embankment yardage, and volume of excavation
in spillways were computed for each etructure, starting
with the storage volume needed to temporarily detail
the minimm runoff as determined from criterie set forth
in Soil Conservation Service Engineering Memorendum
5C5-27, and Section 2441, Texms State Marnual, The run-
off to be stored was then increased by inorements to
determine the amount of storage that would result in
the most economical structure.

The limits of the detention and sediment pools of all _
satisfaotory sites, and the flood plain of the streams
were drawn to scale on a copy of the base map., Siruc-
ture data tables were developsd to show for each struc-
ture the drainage area, floodwater detention and sedi-
ment storage in acre-feet and in inches of runoff from
the drainage srea, the release rate of the principal
spillway, emergency epillway width and depth of flow,
maximum height of dam, area inundated by the sediment

12-85%
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end detention pools, the volume of fill in the dam,
and the estimated cost of the structure (tables 2

and 3).

6. Damages resulting from floodwater, sediment, and ero-
sion were determined from damage schedules and s sur-
vey made of sample areas. Reductions in these damages
resulting from the proposed works of improvement were
estimeted on the basis of reduction of peak discharges,
stages, and volume of runoff in inches for various fre-
quency storms, as determined by flood routings. These
flood routirgs were made for conditions without the
project, with land treatment, and for oonditions with
all worke of improvement installed. Benefits so deter-
mined were allocated to groups of interrelated measures
including existing works of lmprovement on the basis of
the effect of each on reduction of damages. In this
manner, it was determined that floodwater retarding
structures could be economically Justified.

When the structural measures for flood prevention had been determined, a
table was developed to show the cost distribution of stiructural measures
(table 2). The sumation of the total costs of all needed land treatment
and structural measures represented the estimated cost of the planned
watershed protection and flood prevention project (table 1). A second
ocost table was developed to show separately the annual installation cost,
anmal maintenance cost, and total amnual cost of the structural measures

(table 4).
Hydraulic and Hydrologic Investigations

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

1. Basic meteorological and hydrologic dats were tabulated
from Climatological Bulletins, United States Weather
Buresu and Water Supply Papers, United States Geological
Survey and local records. These data were analyzed to
determine average precipitation, depth-duration relsa-
tionshi ps, seasonal distributions of precipitation,
the frequency of occurrence of meteorological events,
the higtorical flood series, reinfall-runcoff peak dis-
charge relationships, and the relationship of geology,
soils and climate to runcff depth for single storm
events.

2. Engineering surveys were made to collect information
on selected stream reaches, including vwalley cross-
sections, chamnnel capacities, highwater elevations of
selected storms, bridge capacities, and other hydraulic
characterisiics, and on proposed structure sites to
collect data used in design. Cross-sections and evalu-
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tion reaches were selected on the ground in collabora-
tion with the economist and geologist.

Present hydrologic conditions of the watershed were
determined, taking into consideration such factors as
soils, land use, topography, cover, and climate. Fu-
ture hydrologic conditions were determined by obtain-
ing from work unit conservationists and local land-
owners estimates of the changes in land use and cover
conditions that could be expected during the install-
ation period of the project. FERunoff curve numbers
were computed from soil-cover complex date obtalned
from the drainage area of representative structure
sites and a 10 percent random sample of the uncon-
trolled drainage area (about 25 percent of the drain-
age area of the watershed) and used with figures
3.,10~-1, Soil Conservation Service, National Engineer-
ing Handbook, Section 4, Supplement A, to determine
depth of runoff from individual storms in the evalu-
ation gseries and the design storms.

Rainfall-runoff relationships were determined and
compared with nearby gaged runoff on similar water-
sheds. The percent chance of occurrence of meteoro-
logical events was determined by computing the
plotting of values taken from Climatological Papers
and Water Supply Bulletins, and plotting rainfall,
runoff, and peak discharges against their respec-
tive plotting positions on Hazen probability paper.
The relationships of runoff, peak discharges, and
damages were determined for wvarious frequencies
(3-10-1-24, KEH, Section 4, Supplement A).

Rating curves for the crose-sections were computed
by Manni formula (4.2-1-9, NEH, Section 4, Sup-
plement A). BStage-ares inundated curves were de-
veloped for each cross-gection. From these, com-
posite runoff-ares inundated curves were developed
for each evaluation reach.

Determination was made of peak discharges, ares in-
undated, and damages caused by the various amounts
of rumoff which would exist due to:

a. Pregent conditions of the watershed.
b. Effect of land treatment measures.

c. Effect of land treatment messures and
floodwater retarding structures.

d. Congideration of alternmnative and various
combinations of measures.

t7.an
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7. Floodwater retarding structures were classified on
the basis of potential downstream demages in ac-
cordanoe with Engineering Memorandum SCS-27, and
Section 2441, Texas State Manual.

8, Hmergency spillway design storm inflow hydrographs
were developed for all structure sites. Spillway
widths and depths of flow were determined by the
Goodrioh-Wipsler graphical routing method in ac-
oordance with procedures set forth in Engineering
Memorendum SCS-273; NEH, Section 4, Hydrology, Sup~
plement Aj NEH, Section 5, Hydraulios; Technical
Releage No. 2, and Seotion 2441, Texas State Manual.

The rainfall for the period 1922 to 1963, inclusive, was selected for
evaluating damages in this watershed. Rainfall information for the his-
torical evalustion series used in these studies was obtained by applying
the Thiessen polygon method of weighting to the rainfall data tabulated
for the Goldthwaite and Mullin stations.

The 6-hour design storm reinfall and the emergency spillway and freeboard
hydrographs were computed for each site in accordance with Section 2441,
Texns State Marmal., The dimensions of the emergency spillways were deter-
mined by grephically routing the freeboard hydrographs. The criteria and
procedures used sre set forth in Engineering Memorandum SCS5-27; Technical
Release No. 2; NEH, Section 4, Hydrology, Supplement A; NEH, Section 5,
Hydraulics, and Section 2441, Texas State Manual.

Frequency of use of emergency spillways was based on regional analysis of
gaged runoff from this amd similer watersheds. Delentlon gtorage, embank-—

ment yardage, rock excavation, and spillway depth, width, asnd elignment
were balanced to give the most economical structure, which was included in

the watershed plan,
Sedimentation Investigations

Sedimentation investigations were made in accordance wiih procedures in
Watershed Memorandum WS-TX-25, "Sedimentation Investigations in Work Plan
Development", dated August 21, 1959.

Sediment Source Studies

Sediment source studies to determine the 100-year sediment storage re-
quirements were made in the drainage areas of the seven plammed floodwater
retarding structures.

1. Detailed investigations were made in the drainage
areas of two of the planned floodwatler retarding
structures., These investigations included: mapping
soil units by slope in percent; slope length; pres-
ent land use; present land treatmeni on cultivated
land; present cover condition c¢lacses on rangeland
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and pasture; land capability classes; lengths, widths,
and depthe of all stream channels and scour channels
and sheet scour effected by erosion; and the estimated
annual lateral erosion of stream channels,

Office computatione included summarizing erosion by
sources (sheet erosion, flood plain scour, and stream-
bank erosion) in order to fit these data into the Mus-
grave equation for computation of gross annual erosion
in tons.

Sediment delivery ratios of 36 to 51 percent, depending
on the size of the drainage areas, were applied to the
gross anmual erosion above each floodwater retarding
structure to determine the actual amount of sediment
delivered to the sites. A delivery ratio of 85 percent
was used to determine the amount of sediment delivered
to Lake Buchanan from the mouth of the watershed.

Field surveys and office computations to determine
sediment volumes under present conditions for the re-
maining five structures not surveyed in detail con-
sisted of mapping the land use and arranging the sites
into homogeneous groups. Sediment source summary
sheets were prepared, based on similar sites which
were surveyed in detail. The combined sediment source
studied both detailed and otherwise represent 28 per-
cent of the watershed area.

The sediment rates were then adjusted to reflect the
effect of expected land trestment on the drainage aresas
of the seven planned floodwater retarding structures.

The computed sediment stormge requirements for each site
is based on a gradual improvement of watershed conditions
due to installation of needed land treatment meapures
expected to be installed during the first 10 years and
maintained at 60 to 70 percent effectiveness during the
next 90 years,

The volume of sediment storage allocated to the dif-
ferent pools in the planned structures is based on a
volume weight of 59.0-63.0 pounds per cubic foot for
submerged sediment, and 83.5-85.5 pounds per cubic foot
for aerated sediment.

The allocation of sediment to the structure pools was
baged on & range of 52 to 55 percent deposition in the
detention pool area and 45 to 48 percent deposition in
the sediment pool. This allocation was determined on
the basis of topography and texture of sediment after
allowing for 5 to 20 percent of the sediment being car-
ried in suspension through the outlet structure.
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The sediment source studies indicated that the ercsion rates in the water-
ghed were low. A gummation found the annual sediment ylelds above the
eeven planned floodwater retarding gtructures to be 9.48 acre-feet, or an
average of 0.34 acre-feet per square mile.

Flood Plain Sedimentation and Scour

The following sedimentation and scour damage investigations were mede to
evaluate the nature and extent of phyeical damage to flood plain lands,
glving due consideration to agronomic and other land treatment practices,
eoils, crop ylelds, and land capabilities:

1. Field examinations and aerial photograph studiee were
made along representative valley cross-sections (fig-
ure 2) making note of the depth and width of scour
channels and eheet scour areas, stream channel aggra-
dation or degradation, and other important factors.

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

damaged areas.,

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

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

5. Ueing the average annual erosion rates as a baeis,
the average annual sediment yields to selected
reaches of the flood plain were estimated for pres—
ent conditions, with land treatment, and with etruc-
tural measures installed. The reeults were compared
to show the average annual reduction of sediment
load contributing to overbank deposition. The reduc-
tion of overbank deposition is based on this reduc-
tion of sediment load and reduction of area inundated
by floodwater. The reduction of scour damages due to
the installation of the complete project is based on
a reduction of depth of flooding and area inundated.

Geologic Investigations

Preliminary geologic dam site investigations were made at each of the
seven planned floodwater retarding structure sites in accordance with
"Guide to Geologic Site Investigations", Fort Worth Engineering and Water-
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shed Flanning Unit ares, dated October 1963, and Section 8, Engineering
Geology, National Engineering Handbook. The following procedures were

used:

1,

2-

30
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Available pertinent geologic maps and literature were
gathered and studied.

Stereoscopic studies were mmde of serial photographs
to determine the location of rock outecrope and to help
trace the strata through the site areas.

A field investigation wvas made of each site, and notes
were made of the following:

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

b. The nature and thickness of the soil
mantle in the foundation, borrow, and
splllway areas ag determined from ex-
posures and from hand auger borings.

¢c. General topography.

d. Stream channel dimensions, type of
bedload, and stability of bad and

banks.

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

The field notes, along with information pertaining to
8pillway excavation wvolumes, embankment dimensions and
volumes, physiographic descriptions, ete., were used to
complete form SCS-375, "Preliminary Geologic Investiga-
tions of Dam Siteg".

Descriptions of Problems

All of the planned floodwater retarding structures are located on the Glen
Rose formation of the Trinity group of lower Cretaceous series.

The Glen Roge in this area consists primarily of thick layers of soft marl
interbedded with thin, hard, impure limestone strata. The marl and lime-
stone are overlain by moderate thicknesses of sandy clays, clayey eands,
and clayey gravels. These soils are CL, SC, and GC, according to the

Unified Soil Claassification System.

A=204817
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The structure sites should provide sound foundations at moderate depths,
ample building materials near the sites, and little, if any, rock excava-
tion. Erodible emergency spillwaey areas are present and will need a pro-

tective cover of grass.

Detailed investigmtions, including explorations with core drill equipment,
will be made at all floodwater retarding etructure sites prior to con-
struction. Laboratory tests will be made to help determine precise treat-
ment of soil materials in the foundation and embankments.

Economic Invegtigations

Selection of Reaches

The flood plain was divided into three evaluation reaches (figure 2) due
to the difference in damageable values and floed plain characteristics.
This break simplified the evaluation of the effects that various compo~
nents of the overall program and combingtion of structural measures would

have on the reduction of damages,

Determination of Damages

Urban dameges in the watershed are minor.

Agricultural damage estimates were based on historical data contained in
approximately 34 flood damage schedules taken in the field and covering
about 68 percent of flood Plain ownership or approximately 75 percent of
the total flood plain ares. Historical data obtained included flood dam—
ages to crops, fences, livestock, farm equipment, and roads and tridges.
Cropping systems, average flood-free ¥ields, production costs, land
values, and land use were collected from farmers, ranchers, local bankers,
and agricultural specialists in the field., This data was used as a basis
for determining the damageable values and damage rates st various depths
and seasons of flooding.

The applicable rates of damege were applied to each flood occurring in the
flood series for the period 1922 through 1963, Adjustments were made on
each reach to account for the effect of recurrent flooding when several
floods occurred within one year.

Estimates of damages to other agricultural properties such as fences,
livestock and farm equipment were made from information in flood damage
schedules and correlated with size of flood., Estimates of damages to
roads and bridges were obtained from county commlssioners, State highway

officials and local farmers,
On the calculation of crop and pasture damages, expenses saved, such as

costs of harvesting and production inputs, were deducted from the gross
value of the damage. Current flood plain land use was mapped in the field,

#7048 7 1?2=Rrh
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Eetimates of flood-free yields obtained from owners and operators of
faerms and agricultural workers in the ares were adjusted to allow for in-
creased technology and the assumption was made that production prectices
novw used by the better farmers would be in general use over the life of

the project.

Monetary values of physical damage to flood plain lands from scour and
sediment were based on the net value of production lost, taking into ac-

count the time for recovery, and discounted,

Indirect damage from floods included re-routing of school busses, isola—
tion of farmers from some fields due to farm road damege, delays and extra
travel in rural mail delivery, additional travel time for farmers, and
extra feed for livestock following floods. Based on information obtained
from watersheds previously analyzed, it is estimated that these indirect
damages will approximate 10 percent of all direct damages.

Benefits from Reduction of Damages

Average annual dameges within the waterehed were calculated for condi-
tions without a project, with land trestment installed, and after install-
ation of the complete project. The difference between the deamage at the
time of the initiation of each project increment and that expected after
its installation constituted the benefits brought about by that increment

through reduction in damages.

After determination that primery benefits from structural measures ex-—
ceeded thelr annual equivalent cost, the estimated land treatment benefits

accruing in areas controlled by structures were amsigned to these struc-
tural measures,

Reduction in monetary value of sediment to Lake Merrit was included as a

project benefit. Based on the engineers' estimates, the current replace-
ment velue of Lake Merrit Dam would smount to about $68.50 per acre-foot.
This cost per acre-foot was used in computing the monetary value of sedi-
ment reduction to Lake Merrit.

Installation of this project will provide flood reduction benefits on the
Colorado River below the mouth of Pecan Bayou. These benefite were evalu-
ated end included as a project benefit in this watershed.

Restoration of Former Productivity and More Intensive land Use Benefits

Farmers in the watershed were asked what changes in cropping systems and
land use had been made as a result of frequent flooding and what changes
in lend use and cropping practices might be expected in the future with
these floods reduced in extent and frequency. Ueing their predictions as
a guide, it was estimated that approximately 83 acres of formerly culti-
vated land now in low-yielding pasture would be returned to more produc-
tive cash crops. It was determined from this analysie that the average
anmial benefits from restoration of former crop use would amount to $1,716.

4.0 4487 T2-6h
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Added damage to higher damageable values from the remaining floods was
calculated and subtracted.

Field studies indicated that 327 acres of flood plain would be farmed more
intensively with flooding reduced. The timeliness of farm operations with
flooding reduced will result in the use of better farming techniques.

More fertilizers will be applied and wider use will be made of insecti-
cides and weed control meagures. The use of certified and treated seeds
is expected to become more common. The benefits from more intensive use
of flood plain lands were estimated to be $1,855, annually.

Incidental Benefits

Approximately 104 surface-acres of sediment pools at seven structural
sites will be available to the public for recreation. Based on studies
made of similar watersheds, it is estimated that use of these facilities
will approximate 5,200 visitor days. Since basic facilities would be
limited to access roads and campsites, & gross value of $0.70 per visitor
day was used in the evaluation., After deducting associated costs and
operation and maintenance, and discounting for the 2-year lag in accrual,
a net benefit of $0.50 per visitor day was obtained. Due to the limited
bagic facilities, the wvalue of $0.50 per visitor day was used in the
evaluation of incidental recreational benefits.

The analysis was based on the assumption that the sediment pools would be
available for a period of 38 years, and decline to zero at the end of 40

years., The recreation benefits were discounted to allow for a 2-year lag
in accrual and the gradual decrease in sediment capacity.

Benefits accruing from use of sediment pools for livestock water were
based on & flat rate of $71 per site, as established on the Green Creek

atudy, or & total of $497.

No irrigation or other agricultural water management benefits were evalu-
ated.

Secondary Benefits

The value of local secondary benefits induced by or stemming from the proj-
ect were estimated to be equal to 10 percent of the direct primary benefits
rlus 10 percent of the cost of the additional agricultural production and
asgociated costas incurred in obtaining the increased production. This ex-
cludes all indirect benefits from the computation of secondary benefits.

Appraisal of Land Emsement Values

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

4-70487 17-ph
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from, were compared with the amortized value of eapements. The eapement
value was greater, therefore, easement values were used in economic justi-
fication to assure a more conservative appraisal.

Details of Methodology

The historical storm series for the period 1922 through 1963 wes used on
reaches 2 and 5, and the symthetic storm series was used on reach 1,

d-70W8Y 1765
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