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WATERSHED WORE PLAN AGREEMENT

between the

Concho Soil Conservation District
loeal Organization

(Heveinafter referred to as the District)

Concho County Water Control and Improvement District No, 2
Local Organization

(Hereinafter referred to as the WCiDn)

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 Comtrol
Supplemental Memorandum of Understanding with the Soil Conservation Service
for assistance in constructing works of improvewment for the prevention of
floods in the Mustang Creek Watershed, State of Texas,
under the authority of the Flood Control Act of 1944 (58 Stat. 887).

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

of Agriculture to the Service; and

whereas, there has been developed through the cooperative efforts of
the District and the Service a mutually gatisfactory plan for works of
improvement for the Mustang Creek Watershed, State of Texas,
hereinafter referred to as the Watershed Work Plan;

Whereas, the County will benefit from the carrying out of the plan
for works of improvement through the reduction of damages to property,
including county roads and bridges in the county that are located within
the flood plain of the watershed;



Tt 1c mutually apceed that S>n instal e and opevatiny nd maln-

taining the works f improvement descvibed iv the Watershed work Flau:

1. The MMstriet acd tpe Water Disrriet will aoquire withost coe 9 the
fFederal Grvermsent ausly tand, easemnents, oY rights-of-way as will be
needed in conuestlos with the workes of lmprovement,

2. The District will acurire or provide assurance that landowners or

water users bhave aequflred such water rights pnrsuant ta State law as
may he rveeded in the instuallation and operation of the works of im-

provement,

3. The Service will provide 3!} construction costs and installation
gervices applicable to works of improvement for flood prevention.

4. ‘The Distriet will obtain agreements from owners of not less than
50 percent of the land above each floodwater retarding structure tha
they wili carry out conservation fam or ranch plans on their land.

5. The NDistrict will provide assistance to landowners and operators to
assu.c the insgtallation of the lanmd treatment measures ghown in the

Wati. . ied Work Plan,

6. The LUstriet will enenurage landowmers and operators to operate and
maintein the land treatment measures for the protection and improvement

of the watershed.

7. The District and the Water District will he responsible for the opera-
tion and maintenance of the structural works of improvement by actually
performing the work pr 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 agreement
may he modified or terminated, only by mutual agreement of the parties

hereto.

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

benefit.
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The signing of this agreement wias authorized by a resolution af the
governing body of thc Concho Soil Conservation District
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SECTION 1
WORK PLAN
MUSTANG CREEK WATERSHED
Of the Middle Colorado River Watershed

Concho County, Texas
June 1959

SUMMARY OF PLAN

Description

Size: 97,280 acres - 152 square miles

Land Use:
Cultivation 19,835 acres
Pasture and Range 76,835 acres
Miscellaneous (roads, urban, etc.) 610 acres

Flood ﬁlain area: 7,197 acres
Soill Conservation District: Concho
No Federal lands involved.

Flood Fregquency:

Total of 67 floods during 20-year period of study (1923 through 1942), of
which 6 inundated more than half the flood plaln area.

Land Treatment:

Applied To Be Applied During
Practice Unit to Date Installation Period
Contour Farming Acre 12,914 4,605
Cover Cropping Acre 718 5,150
Rotation Hay and Pasture Acre 1,701 2,487
Crop Residue Utilization Acre 9,500 3,034
Conservation Crop Rotation Acre - 4,500
Fertilizing Acre -. 4,500
Deferred Grazing . Acre 20,564 41,351
Proper Use Acre 28,506 33,282
Brush Control Acre 7,030 8,096
Range Seeding Acre 128 1,233
Terracing Mile 350 279
Diversion Construction Mile 16 10
Waterway Development Acre 4 83

Pond Construction No. 113 50



Structural Measures:

Ten floodwater retarding structures.

Cost During Ilnstallation Period-

Item Federal Non-Federal Total
{dollars) (dollars) (dollars)
Land Treatment 12,500 175,477 187,977
Structural Measures 750,789 52,471 803,260
Work Plan Preparation 25,633 - 25,633
Total 788,922 227,948 1,016,870
Damages and Benefits: .
: Without : With : Average Annual
Item : Project : Project : Monetary Benefits
: . : Structures
(dollars) (dollars) (dollars)
Floodwater Damage 39,130 8,318 29,397
Ercsion Damage 1,818 371 1,288
Indirect Damage 3,647 869 2,620
Total 44,595 9,558 33,305
Changed Land Use 1,035
Total 34,340

Benefit-Cost Ratio - Structural Measures

Average Annual Cost - Structures ' $30,029
Average Annual Benefits - Structures 34,340
Benefit-Cost Ratio 1.1:1

Operation and Maintenance

Land Treatment Measures: Landowners or operators under agreements with the
Concho Soil Conservation District

Structural Measures: Concho Soil Conservation District and Concho County
Water Control and Improvement District No. 2

Annual Cost - $1,517
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DESCRIFPTLON OF WATERSHED

Phvsica. Data

Mustang Creek nrixinates in central Conche County, approximately 5 miles north
nf Eden, Texar, and flews in a northeasterly direction through Concho County
f+r a distance of approximately 19.5 miles. It flows into the Colorado River
absut 8 5 miles northeast of Millersview, Texas. The largest tributaries are
East Mustang and West Mustang Creeks. This watershed also includes several
short laterals to the ncrth that drain directly into the Colorado River. The
combined drainsge area of these laterals is approximately 6,400 acres. The
watershed ranges from 4 to 12 miles in width. It has an area of 97,280 acres
(152.0 square miles), nearly all of which is {n farms and ranches.

The topcgraphy of the watershed ranges from a steep escarpment in the headwaters
te a gently rolling plain over the remainder of the watershed. The northern
margin of the prominently escarped and almost flat-topped Edwards Plateau

forms the scuth boundary of the watershed and stands 100 feet or more above

the plain to the north. The rocks consist mostly of resistant crystalline
limestones, chiefly the Edwards limestone formation of Cretaceous age. The
gently roliing plain below the escarpment is well drained by a dendritic stream
pattern which has not been significantly affected by the underlying gently west-
ward dipping beds of the Wichita group (Permian age). These rocks consist of
thin alternating beds of limestones and shales, with the limestones predominat-
ing. The flood plain in the upper and central reaches of the watershed is
located in broad, flat valleys without any noticeable change occurring between
the flood plain and the upland solls.

In the lower reaches, however, the flood plain is confined between progressive-
ly steeper upiand slopes which become very steep at and near the Colorado
Riyer. Flnod plaic widths on the mainstem and larger tributariles range from
900 feet near the mouth of Mustang Creek to 2,200 feet in the widest parts

of the central and upper reaches. Elevations range from 1,435 feet In the
channel near the mouth of Mustang (reek to more than 2,100 feet above mean sea

level on the escarpment.

Arproximately six percent of the watershed lies within the Edwards Plateau ‘land
resource area, The soils consist of stony, very shallow clays on steep slopes.
They are used exclusively for rangeland. The Rolling Plains land resource area,
which comprises 94 percent of the watershed area, is characterized by shallow,
s~mewhat stony, fine textured soils on the hills and ridges and deep, silty clay
scils in the broad valleys. The dominant soil serles are Valera and Abilene.
Grop production in the watershed is confined mostly to the productive deeper
soi's of the watershed which account for about 20 percent of the totsl land

area. The remainder of the watershed is used for rangeland.

The solls are generally in fair physical condition. Considerable amounts of
smal} grains and high-residue grain sorghum crops are grown on the cropland

and help prevent rapid deterioration of the soil. The application of agronomic
practice is lagging in comparison with the mechanical treatment of cropland,
undoubtedlv due to the poor success experilenced in getting response from applied
rractices during the recent prolonged drought.



The watershed lies within the mixed prairie plant group. Range cover is
mostly in fair condition with a sizable area being classified as in poor

range condition. Rangeland areas generally have made considerable improvement
in cover especially of the less valuable annual and perennial vegetation with
the improvement of rainfall and moisture conditions during the last two grow-

ing seasons.

There are three range sites in the watershed: Shallow Upland site, Deep Upland
site, and Low stony Hills site. The predominant vegetation consists of the
threeawn grasses, Texas wintergrass, buffalograss, mesquite, and annual weeds
and grasses. The range condition classes of the watershed are as follows:

1 percent, excellent; 10 percent, good; 54 percent, fair; and 35 percent, poor.

The overall land use for the entire watershed is as follows:

Land Use Acres Percent
Cultivation 19,835 20
Range 76,835 79
Miscellaneous 1/ 610 1
Tctal 97,280 100

1/ 1Includes roads, highways, towns, etc.

The flood plain consists of 7,197 acres, and is the area that will be i{nundat-
ed by a runcff of 3.50 inches which can be expected to occur on an average of
once in 25 years from a single storm event. At the present time about 41 per-
cent of the flood plain is in cultivation, 58 percent in pasture, and one
percent in miscellaneous uses.

The largest storm that occurred in the 20-year period studied was a 11.18-inch
rain that extended cver three days and produced 3.28 inches of runoff. This
runoff inundated 97 percent of the flood plain.

The mean annual weighted rainfall for the watershed is 24,42 inches. It 1is
well distributed, with the wettest months being April, May, June, September
and Octcber. Individual excessive rains causing serious erosion and flood
damage may occur im any season, but are most frequent in the spring and fall
months. The minimum recorded annual rainfall was 12.63 {inches, the maximum
39.95 inches.

Average temperatures range from 83 degrees Fahrenheit in the summer to 45
degrees in the winter. The normal frost-free season of 230 days extends from

March 26 to November 11.

Water for livestock and domestic use in the watershed area is obtained from
shallow wells and small farm ponds. These wells and ponds do not previde an
adequate water supply during periods of drought. The town of Millersview
obtains its water supply from individual wells. These are adequate except
during periods of extreme drought.



Fcenomic Data

The eccnomy of the watershed depends largely upon its farms and ranches. Live-
atock enterprises, lncluding beef cattle and sheep, predominate. Winter feed-
ing and pasturing of lambs has become a major practice. About 90 percent of
the ¢ripland is used for the production of feed crops, such as grain sorghum,
cats, harley and other crops that produce winter grazing.

¢rude oil and natural gas production in the watershed is minor. 01l and gas
leases have furnished some income to supp lement that from livestock.

The average size of the farms in the watershed 1is 881 acres. This acreage 1is
sufficient for an economical unit. The average value of land and buildings
per farm is $44,543 (1954 agricultural census) The most common form of land
tenure is the part-owner type--that i{s, most of the farmers and ranchers own
a portion of the land they operate and rent or lease the other part. This
tvpe of tenure makes establishment of land treatment difficult on the rented

land.

Miliersview, with a population of 175, is the only town in the watershed. It
is located near the center of the watershed and contains a post office, three
retzil stores, a school and two churches. Eden, population 1,993, is located
apout 5 miles south of the upper end of the watershed and 1s a retail and
shipping point for the surrounding farm and ranch area. Most of the wool and
livestock is marketed in San Angelo, 40 miles west of Millersview and in

Fort Worth, atout 200 miles northeast of Millersview.

The watershed is adequately served by approximately 90 miles of roads, of which
20 miles are paved (U. §. Highway 83 and State Farm Roads 765 and 2134). Most
of the crossings are of the Pl ow-water" type and floods make many of these
crossings impassable for several days. The detours thus occasioned cause delay
and extra travel distance to and from markets. Adequate rail facilities are

available at Eden.

Status of Conservation Work in Watershed

The waterabed is served by a Soil Conservation Service work unit at Eden,
which is assisting the Concho Soil Conservation District. This work unit has
assisted farmers and ranchers in preparing 69 soil and water conservation
plans on 69,094 acres (71 percent of the agricultural land) within the water-
shed and in giving technical guidance in eatablishing and maintaining planned
measures. Fifty percent of the needed land treatment measures in the water-
<hed have been applied. Where land treatment measures have been applied and
maintained as long as three years, average crop and pasture ylelds have
increased by about une-fifth. Land treatment measures installed before the
development of this flood prevention work plan are l1isted in table lA.

WATERSHED PROBLEMS

Floodwater Damage

Floads cccur frequently on Mustang Creek and cause severe damage (figure 1).
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Major finods (flonds covering more than one-half of the flood plain) have
accurred on an average of about once every three years, the latest being in
Mav 1955, During the 20-year period 1923-1942, there were 6 major floods and
61 minct floods. Thirty-one of the floods occurred in the spring, causing
severe damage to growing vow crops and to maturing small grain crops. Sixteen
of the fisceds occurred in September and October causing severe damage to grow-
ing small grain and to maturing row Crops. The largest storm in the flood
series occurred in July 22-24, 1938 and inundated 6,996 acres of flood plain.

The Mav 1955 flood occarred during the 1950-1957 drought period. Due to the
drought theve were nc crops to be damaged. If this flood had happened during
a normai year the estimated direct floodwater damage would have been as follows.

1. Crop and Fasture $46,700
2. Other Agricultural 68,300
3. Nonagricultural (roads and bridges) 9,000

$124,000

For the floads experienced during the 20-year period studied, the total direct
agricultural and ncnagricultural floodwater damages under present conditions
were estimated to average $39,130 annually at long-term price levels, of which
$19,868 1s crop and pasture damage, $17,209 is other agricultural damage, and
$2,053 is nonagricultural damage such as damage to roads and bridges.

Indirect damages such as interruption of travel, extra travel over re-routed
cchool bus and maill routes, losses sustained by dealers and industries in the
area, and similar icsses are estimated to average $3,647. The average annual
monetary flood damages are summarized in table 5.

Erosion Damage

Upland ernsion rates in this watershed are low. About 79 percent of the area
is in rangeland and 20 percent is cultivated. The rangeland generally has a
fiir to good effective cover for reducing sheet erosion rates in this area.
The cropland has had approximately 50 percent of the needed conservation prac-
tices applied. The use of considerable amounts of small grains further helps
to reduce evesinn from the cropland areas. Of the total estimated annual
gress excsion under present conditions, 98 percent is derived from sheet ero-
sion and 2 percent from channel enlargement.

Flerd plain scour causes an annual loss of production on 565 acres. This loss
ranges trom 10 to 80 percent of the original productive capacity of the soil.
The average annual amcunt of this damage is estimated to be $1,818 under pre-
sent conditions. Land damage from channel erosion is minor and consists only

~f small 1isclated areas.

Sediment Damage

Sediment damage to the flood plain 1is minor. Only 1.5 acres have been damaged
by depcsition of gravel and cobbles up to 2 feet in depth., Damages in terms
sf . reduced soil productivity are estimated to range from 20 to 40 percent.
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Flood of May, 1955 at Millersview, Texas.
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Since this damage is primarilv to rangeland, the monetary loss on an annual basis
is negiigib.e and was not evaluated. Other damages, such as recreational

tsses from sediment camages to wildlife and fish, are recognized; but mone-

tary svaluatinns of these damages were not used for project justification.

Prhiems Relating to Water Management

There is very little activity relative to drainage or irrigation in the water-
shed. There is no interest in providing additional storage in any of the
strrctures for irrigation, municipal water supply or recreation. Needs for
water management for fish and wildlife resources for pollution abatement are
miner and do nat warrant a study at this time.

EXISTING OR PROPOSED WORKS OF IMPROVEMENT

Eff:rts to prevent ot reduce flocding on agricuitural lands in the watershed
hawe been miner. Some attempts at enlarging, straightening and leveeing of -
ctream channels hawe been made on an individual basis, with very little effect

vn the reduction of flcood damages.

The. Conobe Suil Conservation District has been very active in establishing
land treatment measures and in initiating flood prevention work. The district
has exerted its influence toward a high degree of participation in this pro-
gram ~n thke part cf the farmers, ranchers and other interested parties in the

watershed.

WORKS OF IMPROVEMENT TO BE INSTALLED

Land Treatment Measures

A" effective conservation program based upon the use of each acre of agricultural
tand within its capabilities and its treatment in accordance with its needs,

such as ts now helng carried cut by the Concho Soil Conservation District, is
necessary for a sound flood prevention program on the watershed. Basic to
reazhing this chjective is the establishment and maintenance of all applicable
s11 and water conservation and plant management practices essential to proper
land vse. Emphasis will be placed on accelerating the establishment of those
1and trestment practices which have a measurable effect on the reduction of

f i~ dwater and sediment damages.

Lagd treatment measures are the only planned measures in the 6,400 acres com-
prising the watersheds of the direct Coloradc River laterals included in this

work planm.,

appicoximately 35,462 acres of the Mustang Creek watershed area of 90,880 acres
1ie above planned floodwater retarding structures. Land treatment is especially
important for protection of these watershed lands to support and supplement

the structural measures. There are another 48,987 acres of upland in the water-
shed {r~r which ne structurzl contrel has been planned and for which establish~
ment of land treatment ronstitute the only planned measures in this plan. Land
treatment measures en the 7,197 acres of flood plain, 766 acres of which are
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- relaraing structures, are also important in reducing floodwater
aed plain scout damapcs.
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The am-unts and estimsted cost of establishing the needed measures that will

ve su<talled §y landowner s and operators during the 5-year installation

pericd are showm in tar'e b The estimated cost of planning and instaliling

the <e measures, excluisive ¢f expacted reimbursement from ACPS or other Federal
Tunds, iz $175,477, hased nn cutrent program criteria. In addition, prior to
work plan nrepsratior, landowners and operators have established land treatment
measures at an estimated non-Federal cost of $144,132 (takle 1lA). Also prior

t~ werk plan preparaticn, $2,500 of Federal funds were used for the acceleration
~f technical asaistance by the Soil Conservation S:rvice to landowners and
cperaters. This acceleraticon of technical assistance will be continued during

the reriod of installation at a cost of $12,500.

Moct -f the land treatment measures will function principally to decrease ero-
sien damage te fields and pastures by providing improved soil-cover conditions.
The 3¢ measures include caver cropping, use of rotation hay and pasture, crop
residue vtilizatizn far cruplands and proper use and deferred grazing to pro-
vide improwvement, protection and good maintenance of grass stands on the
tangeiands. They also include brush eradication, to aliow grass stands to
impreve for replacement of the poor cover affcrded by brushy pastures; the

¢ n=ttuctisn of farm ronds, to provide adequate numbers and locations of water-
ing vlaces t- prevent cover-destroying, seasonal concentrations of livestock;
and range sceding to establish good cover on grassland. These measures,
especially the cropland measures and range seeding, also effectively improve
soil conditicns which aliow larger amounts of rainfall to soak into the soil.

11 additicn to the abave 3cll improvement and cover measures, land treatment
{nciudes contovr famming, terracing, diversicn comstruction and waterway
devel-sment to Serve these measures, ail of which have a measurable effect in
reducing reak discharge by reducing the velocity of runoff water from fields.
These measures aiso help the soil imprevement and cover measures to reduce

ev isirn darage and sediment yield.

Structural Measures

A svstem of 10 flocdwater vetarding structures will be installed in the water-
shed to afford the needed protection to flood plain lands that cannot be
previded by land treatment measures alcne. The structureswlll temporarily de-
tain the runsff from 55.41 square miles, or 42 percent of the watershed, from
a sterm that can be expected toc occur on an average of once in 25 years, Sto-
ragc in individual sites will range from 3.50 to 4.77 inches of runoff from
their watersheds, depending on local conditions. The total of 12,331 acre-
feet of detention capacsity previded by the 10 structures is sufficlent to
detain 4 .23 inches of runoff from the area above structures, or the equivalent
of 1.65 inches from the entire watershed.

To ¢btain the desired degree of protection for the watershed, structures were
necessatry at Sites 3 and 8. 1In order to develop the required storage for

Site 3 it was necessary to locate Site 2 above Site 3. This will gilve protec-
tion tc the flood plain lands between these two sites. Site 7 was located
ahave Site 8 to give protectinon to the intervening flood plain lards.
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Proper use and deferred grazing maintains stands of good grass on
rangelands,
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peas meke an excellent winter cover crop.
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Runoff from heavy rains being
structuras.

controlled by floodwater retarding
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Floodwater retarding structures releasing water slowly through the
principal spillwey following heavy reins.
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Filgure 2 sh-ws a sectinu ¢f 13 tvpical floodwater retarding structure. The loca-
ticn of the structural measures is shown on figure 3, Planned Structural Meas-

ures,

Trerr are 22 luw-water crossings on Mustang Creek and its tributaries that

wiil he affected ny the release flow from the principal spillways of the

£ -odwater retarding structures  Under present conditions water flows over
thece crassings for relative short periods following rains. After the struc-
tures are installed, the flow will be reduced in peak but flow will be greatly
rrolonged  Eighteen of these crossings arve on county voads and 4 on farm to
market road FM-765. The Coutho County Commissioners Court will install culverts
or other improvements needed to keep the crossings on county roads passable
during periods of floodwater release at no cost to the Federal Government. The
Conchn Soil Censervation District and the Concho County Water Control and
Impruvement District Number 2, in cooperation with the State Highway Department,
will make necessary arrangements to keep the crossings passable on the farm to

market road FM-765.

Land, easements and rights-of-way for the floodwater retarding structures will
be rrovided hy local interests at no cost to the Federal Government. The value
of these sites, togather with the cost gf relocating roads and utilities, is
estimated to be $47,700, based cn current market values furnished by the local
Tt is estimated that an additional $4,771 of non-Federal funds
will be expended for legal services required in the securing of easements. The
tota; area of the sediment pools is 287 acres, of which 36 acres are flood plain
lands. In addition, the detention pools will temporarily inundate 1,381 acres,

of which 128 acres is floed pliain.

srganizations.

The total estimated cost of establishing these works of improvement 1is $803,260,
~i which $52,471 will he borne by local interests and $750,78% by flood preven-

tirn funds.

ion,$28,512, with an estimated

The estimated annual equivalent cost of installat
makes a total annual cost of

annual opevation and maintenance cust of $1,517,
$30,029.

Suificient detention storage can be developed at all structure sites to make
peseihle the use of vegetative spillways, thereby effecting a substantial
reducticn in eccst over concrete or similar type of spillway. All applicable

State water laws will be complied with in the design and construction of the
ficodwater retarding struetures.

BENEFITS FROM WORKS OF IMPROVEMENT

The evaluation storm series for the period 1923 through 1942 contained 67
st-rms which would cause flooding under present conditions at the valley cross

secticn where flooding hegins.

The estimated average annual floodwater, erosicn and indirect damage within the
watershed would be reduced from $44,595 to $9,558, a 79 percent reduction.
Approximately 95 percent, $33,305, of the expected reductieon in the average
annua! damage will result from the system of floadwater retarding structures.
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The general location of the benefits from the combined program of land treatment
and structural measures 1is presented in table A. The highest level of protection
is provided in Reaches 2B through 8 where 95 percent of the existing damages

acour.

owners and orerators of flood plain lands say that if adequate flood protection
is provided, they will restore land now in idle or poor pasture to cultivation.
All ~f this land was in cultivation at one time but is now used chiefly for
rasture because of the frequency of flooding. 1t is estimated that average net
inceme from such restoration will amount to $4,482 (long-term price levels)

annually.

TFis loss from the original production has been considered a crop and pasture
damage and 1ts restoration a benefit in table 5.

1t is also expected that landowners will convert some pastureland to cropland,
which will result in an additional $1,035 increase in net average annual Income.

The total flood prevention benefits, as 2 result of structural measures, are
estimated to be $34,340.

COMPARISON OF BENEFITS AND COSTS

The annual equivalent cost of structural measures (converted from total installa-
tion cost) plus the annual operation and maintenance cost is estimated to be
$30,029. When tbe project is completely installed, it is expected to produce
average annual benefits of $34,340. The project, therefore, will produce $1.14
for each dollar of cost, Other substantial values will accrue from the project,
such as increased opportunity for recreation, improved wildlife habitat and a
sense of security, none of which has been used for project justification.

ACCOMPLISHING THE PLAN

Federal assistance for carrying out the works of improvement, as described 1im
this work plan, will be provided under the Flood Control Act of 1936, as

amended snd supplemented.

Land Treatment Measures

Land treatment measures itemized in table 1 will be established by farmers

in cooperation with the Concho Soll Comservation pistrict during the 5-year
project installation period. The cost of applying these measures will be
borne by the owners and operators of the land. 1t is expected that the owners
and operatcrs will be reimbursed for a portion of this cost through the
existing Agricultural Conservation Program or other Federal programs. The
amount of reimbursement to be expected has been estimated, based on current
program criteria, and this amount has not been {included in the total estimat-
ed non-Federal cost for land treatment listed in table 1. The soil conserva-
tion district is giving assistance in the planning and application of these
measures under its going program. This assistance will be continued to assure
application of the planned measures wlithin the S-year installation period of

the project.
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The governlng bedy of the soil conservation district will arrange for meetings
according tc a definite schedule. By this means and by individual contacts
they will encourage the landowners and operators within the watershed to adopt
and carry cut soil and water conservation plans on their farms. District-
cwned equipment will be made available to the landowners in accordance with the
existing arrangements for equipment usage in the district. The district
governing body will make periodic inspections of the completed conservation
measures within the district and follow through to see that needed maintenance

is performed.
ation Service work unit at Eden will assist landowners and

district in accelerating the preparation of soil
d the application of conservation practices.

The 501l Conserv
operators cooperating with the
and water conservation plans an

The soil and water conservation loan program of the Farmers Home Administration
will be made available to all eligible individual farmers and ranchers in the
area. Educational meetings will be held in cooperation with other agencies to
outline the services available and eligibility requirements. Any present

FHA clients will be encouraged to cooperate in the project.

The county ASC conmittees will cooperate with the governing body of the soil
conservation district by selecting and recommending financial assistance for
those ACPS practices which will accomplish the conservation objectives in the

shortest pcssible time.

The Extension Service will assist with the educational phase of the program
by conducting general information and local farm meetings, preparing radic and
press releases, and using other methods of getting information to landowners )
and operators in the watershed. This activity will help to get the land
treatment practices and the structural measures for flood prevention carried

aufl.

Structural Measures for Flood Prevention

{ce will contract for the construction of the 10

1t also will provide technical specialists
to prepare plans and specifications, supervise construction, prepare contract
pavment estimates, make contract payments, make final inspections, certify
completicn, and perform related dutles for the {installation of these struc-

tural measures.

The Soil Conservation Serv
flocdwater retarding structures.

The Concho County Water Control and Improvement pistrict Number 2, in coopera-
will furnish the land,

tico with the Concho Solil Conservation District,
casements, rights-of-way and arrange for road and utility changes for all
the structural measures at no cost to the Federal Government.

Since the entire watershed is one hydrologic unit and all structures are need-

ed to secure the desired reduction in damages no attempt was made to separate
the watershed into construction units. This will necessitate securing all
necessary easements and rights-of-way prior to the expenditure of Federal

funds for construction in the watershed.
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The cooperating parties have agreed on a 3-year installation period for the
structural measures. The estimated schedule of obligation for the complete 5-
vear project installation period, including installation of both land treat-
rent and structural measures, is as follows:

Fiscal Structure . Federal : Non-Federal
Year : Numbers . Funds ] Funds : Total

{(dollars) {(dollars) (dollars)
1st 7, 8, 9 and 10 187,513 41,031 228,544
2nd 4, 5 and 6 288,575 56,501 345,076
ird 1, 2 and 3 282,076 58,314 340,390
4th 2,750 38,535 41,285
S5th 2,375 33,567 35,942
Total 763,289 227,948 991,237

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

Tke structural measures will be constructed 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 land, easements and rights-of-way have been secured.
3. Operation and maintenance agreements have been executed.
4. Flocd prevention funds are available.

The various features of cooperatinn between the cooperating parties have been
covered in appropriate memoranda of understanding and working agreements.

PROVISIONS FOR OPERATION AND MAINTENANCE

1 and Treatment Measures

Land treatment measures will be maintained by the landowners or operators of
the farms and ranches on which the measures are installed under agreements
with the Concho Soil Conservation District. Representatives of the soil
conservation district will make periodic inspections of the land treatment
measures to determine management and maintenance needs and to encourage land-
~wners and operators to perform the management practices and maintenance needs.
They will make district-owned equipment available for this purpose.

Structural Measures

The ten floodwater retarding structures will be operated and maintained jointly
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by the Conchn Soil Conservation District and the Concho County Water Control
and Improvement District Number 2. The estimated operation and maintenance
cost 1z $1,517 annually, based on long-term price levels. The necessary
paintenance wcrk will be accomplished through the use of contributed labor

and equipment, by contract, by force account, or 4 combination of these methods.
funds for this work will be provided by the Concho County Water Control and
Impreovement District Number 2, which has legal authority to raise funds. A
maintenance fund of $1,000 per structure or $10,000 will be established. This
will be raised by taxation at the rate of $1,517 per year. When it becomes
necessary to use any of this money for maintenance expenditures, 1t will be
replenished in the shortest feasible time.

All floodwater retarding structures will be inspected by representatives of

all cosponsniing organizations at least annually and after each heavy rain

or stream flow. A Soll Genservation Service representative will participate

in these lnspections at least annually. Ttems of inspection will include, but

not be limited to, the conditions of the principal spillway and its appurtenances,
the emergency spillway, the earthfill, the vegetative cover of the earthfill

and emergency spillway and fences and gates installed as a part of the flood-
water retarding structures. The sponsoring local organizations will maintain

a record of the inspection and maintenance work performed and have it available

for review by Soil Conservation Service personnel.

Provisions will be made for free access of representatives of the cosponsoring
organizations and the Federal Government to inspect the ten floodwater retard-
ing structures and their appurtendnces at any time.

Tke cosponscring local organizations fully understand their obligatioms for
maintenance and will executive specific maintenance agreements prior to the
issuance of any invitation to bid.

CONFORMANCE OF PLAN TO FEDERAL LAWS AND REGULATIONS

The installation of the watershed protection and flood prevention project on
the Mustang Creek watershed will make a substantial contribution to the
objectives of the overall Middle Colorado River development program,

This project plan conforms to all Federal laws and regulations and will have
ar known detrimental effects on existing downstream projects or any that
might be constructed in the future.
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SECTION 2
INVESTTGATIONS, ANALYSES, AND SUPPORTING TABLES

INVESTIGATTIONS AND ANALYSES

Project Objectives

Flord problems, needed land treatment measures, and the desired degree of
rrotection were discussed with the local sponsoring organizations and the

following project objectives reached:

1. That more land treatment measures which contribute directly to
flood prevention, based on current needs, are required.

2. That a 75 percent reduction in average annual floodwater damage
will be required to maintain the economy of the watershed.

3 That a structural program will be necessary.

Land Treatment

S5i] Conditions, Land Use and Treatment Needs

Soil conditions and land use on the upland were determined by expanding a 10
percent random sample of the watershed to the entire upland area. The land
use of the flood plain was determined by planimetering the flood plain strip
map which was developed during the economic investigations.

The status of land treatment measures and practices effectively applied and
the current conservation needs were secured from the records of the Concho
Soil Conservation District. This information was expanded, with assistance
from personnel of the Soil Conservation Service Work Unit at Eden to estimakte
the amounts of various practices that will be applied during the 5-year
instaliation period for the entire watershed.

Cover Conditions and Range Sites

Cover conditicons and range sites were determined from information secured
by a 10 percent random sampling of the watershed and from available range

surveys.

Project Formulation

Determination was made, first, of the needed land treatment measures which con-
tribute directly to flood prevention remaining to be done in the watershed,
based on range condition classes and land capability classes developed from
soil surveys. The hydraulic, hydrologic, sedimentation and economic investi-

.gations provided data on the effect these measures would have on the reduction

of sediment and flood damages. Although significant benefits would result from
application of these needed land treatment measures, it was apparent that other
floed prevention measures would be required to attain the degree of watershed
rrotection and flood damage reduction desired by the local people.
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Determinat ion was then made of structural measures for watershed protection
and flood prevention which would be feasible to instal! so as to meet Che

objectives of the spouswring lccal erganizations.

The study made and the

procedures used in that determination were as follows:

1.

A base map of the watershed was prepared showing the watershed boun-
dary, drainage pattern, system of roads, and other pertinent informa-
tion. A sterecscopic study of 4-inch consecutive aerial photographs
located all probakie floodwater retarding structure sites, the limits
and the area of the flocd plain, and points where valley cross sections
should be taken for the determination of hydraulic characteristics and
for flood routing purposes. This information was placed on the water-

shed base map for use in field surveys.

The cross secticns of the flood plain, previously located steroscopl-
cally, were examined in the field, adjusted to give the best represen-
tation of hydraulic characteristics and surveyed at the selected
locations. Data developed from these cross sections permitted the
computation of peak discharge-stage-damage relationships for various
§lcod flows. A map was prepared of the fleod plain on which land use,
crozs section locations, and other pertinent information were recorded.
A field examination was made of all probable floodwater retarding struc-
ture sites previously located stereoscopically. Sites which did not
skow gonwd storage possibilities or which would inundate highways or
improvements for which the cost of relocating could not be economically
justified, were dropped from further consideration. From the remaining
sites a system of floodwater retarding structures was selected, based
cn tte degree of vontrol desired, for further consideration and detail-
ed survey. Plans of a flcodwater retarding structure, typical of those
planned for this watershed, are jliustrated by figures &4 and 4A.

To obtain the desired degree of protection needed, give adequate
protection to all flood plain lands, and develop the storage necessary
for this protection, it was necessary to locate Site 2 in series with
Site 3 and Site 7 in seriles with Site 8 (figure 3).

A topographic map with 4-fost contour intervals was made of the

peal area ¢f each of the proposed sites in order to determine the
storage capacity of the site, the estimated cost of the dam and

the areas of flood plain ard upland that would be inundated by

the sediment and flood pools. Sediment storage requirements were
determined for each site through a study of the physical and vege-
tative conditions of the drainage area above that site. Spilllway
widths, depths of flow, embankment yardage, and volumes of rock
excavation in spillways were computed for each structure starting
with the storage volume needed to temporarily detain a minimum

of 3.50 inches of runoff and to provide the additional storage needed
fcr sediment. The inches of runcff to be stored were then increased
by increments to determine the amount of storage that would result
{n the most economical structure. The minimum storage was deter-
mined from criteria as set forth in So0il Conservation Service,
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Washington Engineering Memorandum No. 27, Hydrology Memorandum EWP-2
(Revised), Technical Release No. 2, and Section 2404, Texas State

Mannual.

6. The limits of the flood pools and sediment pools of all satisfactory
sites and the flood plain of the stream were drawn to scale on a
copy of the base map. Structure data tables were developed to show,
for each structure, the drainage area, the storage capacity needed
for floodwater detention and sediment, storage in acre-feet and in
inches of runoff from the drainage areas, the release rate of the
principal spillway, the emergency spillway widths and depths of flow
maximum height of dams, the acres inundated by the sediment and deten-
tion pools, the volume of fill in the dams, and the estimated cost of

the structures (tables 2 and 3.

odwater, sediment and erosion were deter-
mined from damage schedules and surveys of sample areas. Reduction
in these damages resulting from the proposed works of improvements
were estimated on the basis of reduction of peak discharges, stages,
and volumes of runoff in inches for various frequency storms, as
determined by flood routings. These flood routings were made for
conditions without the project, with land treatment, and for future
conditions assuming that all proposed works of improvement had been
installed. Benefits so determined were allocated to individual meas-
ures or groups of interrelated measures 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.
By further analysis those individual floodwater retarding structures
and interrelated structures which had fayorable benefit-cost ratlos
were determined. Those which were unfavorable were dropped from
further consideration and, where replacements were found to be
necessary to effect needed control, alternate sites were investigated
until a system of floodwater retarding structures wasg developed which
would give maximum net benefits for the degree of control needed.

These works were included in the plan.

7. Damages resulting from flo

When the land treatment measures and the structural measures for flood preven-
tion had been determined, a table was developed to show the total cost of each
type of measures. The summation of the total costs of all needed measures
represented the estimated cost of the planned watershed protection and flood
prevention project (table 1). A second cost table was developed to show
separately the annual installation cost, annual maintenance cost and total
annual cost of the structural measures (table 4).

Hydraulic and Hydrologic Investigations

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

1. Basic meteorologic and hydrologic data were tabulated from Clima-
tological Bulletiuns, United States Weather Bureau and Water
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Supplv Papers, United States Geological Survey, and local records
and analyzed to detevmine avevage precipitation depth-duration
reiatinnships, se2sonal distribution of precipitation, the fre-
quency of occurrence of meteorological events and the historical
fleced series to be used in the evaluation of the project, rainfall-
runoff relaticnships, runoff-peak discharge relationships, and the
relaticnship of geology, solls and climate to runoff depth frequency

for singie storm events.

Engineering surveys were made to colleect information on selected
stream reaches, including valley cross sections, channel capacities,
high water elevations of selected storms, bridge capacities, and other
hydraulic characteristics, and on proposed structure sites to

collect data used in design. These cross sections and evaluation
reaches were selected on the ground in conference with the economist

and sedimentation specialist.

Determination was made of the present hydrologic conditions of the
watershed, taking into consideration such features as soils, land
use, topography, cover and climate. Future hydrologic conditions
were determined by obtaining from the work unit conservationist the
changes in land use and cover conditions that could be expected
during the installation period of the project. Runoff curve numbers
were computed from this scil-cover complex data and used with figure
3.10-1, Soil Conservation Service, National Engineering Handbook,
Section 4, Supplement A, to determine depth of runoff from individual

storms.

Determination was made of the rainfall-runoff relationship. This was
then rompared to nearby actual gaged runoff on similar watersheds.

The frequency cf meteorclogic events was determined by computing

the pletting positions of histerical series taken from climatolegi-

cal papers and water supply pulletins, and plotting rainfall, runoff
and peak discharges against their respective plotting positions on
Hazen probability paper. The relationghips of runoff, peak discharges
and damages were determined for varicus frequencies. (Pages 3.18-1-24,

NEH, Secticn 4, Supplement A).

Rating curves for the cross sections were computed by Mannings formu-
la and concordant flow (Pages &.2-1-9, NEH, Section 4, Supplement A),
and were checked at selected sectilons by water surface profiles

for various selected discharges. (Doubt method, Pages 3.14-7-13,

NEH, Section &, Supplement A and NEH, Section 5, Supplement A). Stage-
area inundated curves weare developed for each cross section, and from
these, composite runoff-area {nundation curves for each evaluation

reach were developed.

Determination was made of peak discharges, area inundated and damages
caused by various amounts of runoff which would exist due to:

a. Present conditions.
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b. Effect of land treatment measures.

c. Effect of land treatment measures and floodwater retarding

structures,
d. Gonsideration of alternative programs and measures.

7 Structure classificaticns were determined and emergency spillway
design storm inflow hydrographs were developed for all structure
sites. Spillway widths and depths of flow were determined by the
Goodrich graphical routing method in accordance with procedures set
forth in Washington Engineering Memorandum No. 27; NEH, Section 4,
Hydrclogv, Supplement A; NEH, Section 5, Hydraulics; Technical
Release No. 2; Rydrology Memorandum EWP-2 (Revised); Section 2404,

Texas State Manual.

From a graph showing cumulative departures from normal precipitation the rain-
fall for the period 1923 to 1942, inclusive, was selected as most representative

of normal rainfall for this watershed.

The largest rain whick occurred during the 20-year period was a storm of 11.18
inches. An average rain of this magnitude would produce the equivalent of 3.28
inches of runoff at section No. 1, after adjustment for transmission loss.
Under present conditions, 6,996 acres of flood plain would be flooded by runoff
from this storm. If such a rain were to occur after land treatment practices
and measures had been applied, it is estimated that the area inundated would

be reduced to 6,953 acres. With land treatment measures applied and the struc-
tural measures for floocd prevention in operation, only 3,837 acres would be

flocded.

1t was determined that 0.02 inch of runoff was the minimum volume that would
cause flooding to a depth of six inches at the smallest cross section. There-
fore, no storms producing less than 0.02 inch of rxunoff were considered for
flood-routing purposes. This amount of runoff would be produced by 1.65 inches
of rainfall under Mcisture Condition I, 0.82 inch under Moisture Condition II,
and 0.30 inch under Moisture Condition 1II. Runoff of 0.02 inch would produce
a dischavge of 130 cubic feet per second at the minimum cross section (No. 16)
and 380 cubic feet per second at the reference section (No. 1). The minimum
cross section is located about 2.3 miles northeast of Millersview, Texas, The
reference cross section is lecated approximately 0.80 mile southwest of the
confluence of Mustang Creek and the Colorado River (figure 1).

The channel capacity at the reference section is 16,500 cubic feet per second.
The peak discharge at this point for a 11.18-inch rain under present conditions
is estimated to be 42,640 cubic feet per second. After installation and full
functioning of all the planned measures on the Mustang Creek watershed, the
discharge at the same point would be reduced to 25,200 cubic feet per second.

The 6-hour design storm rainfall was taken from figure 3.21-1, NER 4-A. The
emergency spillway and freebeard hydrographs were computed using 0.50 P and
1.00 P, respectively, adjusted to the drainage area of each site. Routing
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the emergency spillway pydrographs resulted in no flow through the emergency
spillways. Therefore, the dimensions of the emergency spillways were
determined by graphically routing the freeboard hydrographs and adding one
foot of dry freebcard Composite hydrographs were developed for thcse sites
storage indication method to flood route between the
structures. The criferia and procedures used are set forth in Washington
Engineering Mem:randum S¢S No. 27, Technical Release No. 2; Hydrology
Memoranda EWF-1, EWF-2, and EWF-4; NEH, Section 4, Supplement A; NEH, Section

5 and Section 2404, Texas State Mannual.

in series using the

e nf emergency spillways was based on regional anmalysis of

gaged runcff from sim) lar watersheds. Detention storage, spillway depth and
width, embankment yardage, rock excavation and spillway alignment were balanced
to give the mast eccnomical structure, which was included in the watershed plan.

Frequency of us

Sedimentation Investigations

Sediment S:urce Studies

gediment scurce studies te determine the 50-year sediment storage require-
ments were made in the drainage aredas of the 10 planned floodwater retarding

structures accocrding to the following procedures:

1. Detailed investigations were made in the drainage areas above 4 of

the planned floodwater retarding structures. These investigations
included: mapping soil units by slope in percent; slope length in
feet; present land use; present land treatment on cultivated land;
present cover ccndition classes on pasture and woodland; land
capability classes; lengths, widths, and depths of all gullies;
lengths, widrhs, and depths of all stream channels affected by

ernsion; and the estimated annual lateral erosion of gullies and

stream channels in feet.

2. Office computationa included summarizing erosion by sources (sheet
erosicn, gully erosicn, and streambank erosion) in order to fit
these data into formulas for computation oi gross annual erosion

in acre-feet

The following formula was used for computing sheet erosion:

E - A x F x SF x CF x RF, where

E - Sheet erosion in acre-feet per year

A - Area in Aacres

F - Basic erosion rate of soil unit in feet per year
SF - Slope factor, based on percent and length of slope

CF - Cover factor, based on present cover and land treatment
RF - Rainfall factor, based on maximum two-year 30-minute

rainfall intensity

The following formula was used for computing gully and streambank

ercsion:
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-~ N xbL xP x Hx LE =+ 43,560, where

- Eraosion in acre-feet per year

- Number of banks affected

Length of gully or streambank in feet

- Pervcent of gully or streambank affected by erosion
- Averagc height of bank in feet

- Estimated annual lateral erosion in feet

1

11

3. TFleld surveyvs and office computations to determine the estimated
sediment rates for the remaining six structures under present
canditions consisted of mapping the land use and arranging the sites
inte homogenecus groups and the preparation of sediment source summary
sheets based on the homogeneous grouping of the sites and the detailed

investigations.

4. The sediment rates were then adjusted to reflect the effect of expected
land treatment on the drainage areas of the planned floodwater retard-
ing structures. The computed sediment storage requirement for each
site is based on a gradual improvement of watershed conditions as a
result of the installation of needed land treatment measures expected
to be installed during the first ten years and maintaining these
measures at 75 percent effectiveness during the next 40 years.

5. The ratio of sediment storage volume in the pools to soil in place
was estimated to be 1.4 for all structures 1n the watershed.

6. The allocation of sediment to the structure pools was based on
20 percent deposition in the detention pool and 80 percent in the

sediment pool.

The sediment source studies indicated that the erosion rates in the watershed
are low. A summation of the annual sediment yields above the 10 planned flood-
water retarding structures was found to be 18.1 acre-feet.

The average annual rate of sediment production above structures is 0.33 acre-
feet per square mile.

Using the detailed sediment source studies as a basis, it was found that approxi-
mately 99 percent of the annual sediment production in the upland areas of the
watershed results from sheet erosion and 1 percent from gully and streambank
arosion. The expected application of 80 percent of the needed land treatment
measures, if maintained at 75 percent effectiveness, will reduce sediment pro-

" duction from the upland areas approximately 22 percent.

Fleood Plain Sedimentaticn and Scour

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

and land capabilities:
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1. Field exsminaticns were made along each of the valley cross sectlons
{figure 1) making ncte of depth and texture of deposits, scour
channel.s, sbeet scour areas, stream channel aggradation or degradation

and other important factors.

5> Estimates of past physical flood plain damage were obtained through
interviews with the landowners and operators.

A damage table was developed to show percent damage by texture and
depth inerement for deposition and percent damage by depth and width

far scour.

L]

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

with farmers.

5. The present annual damages from overbank deposition in the watershed
was found to be negligible in terms of monetary loss and was not
further evaluated. The reduction of scour damage due to installation
of the complete project is based on reduction of depth and area

inundated.

Geological Investigations

Preliminary geolegic dam site investigations were made at each of the 10

prlanned floodwater retarding structure sites. These studies included valley
slepes, alluvium, channel banks, and exposed geologic formatilons. Borings with
a hand auger were made to determine nature and extent of fill material that

might be encountered in construction.

Description of Problems

All of the proposed sites are underlain by formations of the Wichita group of
Sites 1 through 4 are located in outcrops of the Belle Plains for-
mation and Sites 5 through 10 in outcrops of the Clyde formation. These forma-
tions consist of regular thin beds of moderately hard, blue-gray limestones with
alternating beds of shale or marl which are somewhat thicker in the lower beds
than the upper beds. The presence of anhydrite and gypsum in the upper part

of the Belle Plains formation has caused some minor folding and moderate joint-
ing of the overlying limestone beds which are exposed at Site 3 and in the
vicinity of Site 2. No surface outcrops of gypsum were observed. Leakage
through the thin-bedded and jointed limestomnes will probably be a problem in

all sites and will require toe drains in the embankment. Rock excavation is
expected in the emergency spillways of Sites 2, 3, 4, 5, 8 and 9, but the

total volume of this excavation will not be excessively high. Soils suitable
for embankment purposes are adequate and are classified as predominantly CL,

CH, and GC hy the Unified Soil Classification System.

Permian age.

Detailed investigations, including exploration with core-drilling equipment,
will be made at all floodwater retarding structure sites prior to their
construction. Laboratory tests will be made to determine the suitability
and placement of the available embankment mater lals.
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Economic Investigations

Basic methods used in the economic investigation and analysis are outlined in
the Economics Guide issued December 8, 1958.

Determinations of Annual Benefits from Reduction in Damages

Agricultural damage estimates were based upon schedules obtained in the field

covering approximately 85 percent of the flood plain of Mustang Creek and its
tributaries. These schedules covered land use, crop distribution under normal
conditions, crop ylelds and historical data on flooding and flood damage.

Most of the flood damage information obtained was for floods which occurred
in 1955.

Analtysis of this information formed the basis for determining damage rates for
various depths and seasons of flooding. In calculating crop and pasture
damage, expenses saved, such as costs of harvesting, were deducted from the

gress value of the damage.

The proper rates of damage were applied, flood by flood, to the floods which
occurred during the period 1923 to 1942, and an adjustment was made to take into
account the effect of recurrent flooding when several floods occurred within

4 one year. The flood plain land use was mgpped #n the field. Normal yields were

based on data obtained from agricultural workers in the area.

ing and degree of future

Sigﬁificant differences in land use, frequency of flc .
A

use were sufficient to divide the flood plain into nine evaluation reaches.
different damageable value was used for each reach. The locations of the

evaluation reaches are shown in figure 1.

Estimates of damages to other agricultural property such as fences, livestock,
and farm equipment were made from analysls of flood damage schedules.

The estimated monetary value of the physical damage to the flood plain from ero-
eion was based on the value of the production lost, taking into account the lag
in recovery of productivity and for the cost of farm operations to speed

recovery. Damage from erosion was related to depth of flooding, giving greater

weight to deeper flows.
n the flood plain were obtained from

highway district maintenance englineer.
obtained from local farmers.

Estimates of damages to roads and bridges i
the county commissioner and from the state
These estimates were supplemented by information

Indirect damages in this watershed primarily involve extra farming expense, such
as additional travel time for farmers and costs for extra feed, re-routing

scheol bus transportation and mail delivery; and interruption of utility service.
An analysis indicates that these damages are slightly less than 10 percent of

the direzt damage for all evaluation reaches.

Farmers in the flood plain were asked to state changes made in land use as a
result of past flooding. This information, together with landowners and operators
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estimates of future changes in land use and crop distribution as a result of
reduction in flcod extent and frequency, was the basis for estimating benefits
from changed land use and restoration of productivity. These estimated benefits
were divided between changed land use and restoration of productivity based
upon farm-by-farm analysis. Benefits from restoration are included as crop

and pasture benefits. Consideration was given to increased damage after resto-
ration of productivity and the added damage was deducted. Among the factors
considered in this analysis were the size and location of the areas affected,
land capability, acreage allotment restrictions, existence of available markets
and reduction in frequency of flooding. It is not expected that acreage allot-
ments will be increased as a result of the project.

All benefits from flood plain land use changes and restoration of productivity
are net benefits remaining after deducting production and harvest costs,
additicnal costs for taxes and overhead, and clearing costs where applicable.
All such benefits were discounted to provide for either a five- or ten-year

lag in accomplishment.

Benefits in each evaluation reach were allocated to each evaluation unit on the
basis of drainage area controlled. The allocation was made so that no struc-
ture or group of structures received benefits from a reach in which that struc-
ture or group of structures did not effect a reduction in damage.

Flood plain which will be inundated by the sediment and detention pools was
excluded from the damage and benefit calculations. An estimate was made, how-
ever, of the value of the production lost in these areas after installation of
the program. In this appraisal it was considered that there would be no
productisn in the sediment pools, and that the land covered by the detention
pcols would continue to be used as pasture after installation of the program.

-of-way for the 10 floodwater retarding

The cost of land, easements and rights
This evaluation was based

structures was determined by individual appraisal.
on estimates by local interests.

n within the structure sites was comp ared

The easement value was found to be the
assure a conserva-

The average annual loss in productio
with amortized value of easements.
greater and therefore was used in economic justification to

tive benefit-cest analysis.

No evaluation was made of benefits accruing on the mainstem of the Colorado

River.
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TABLE 1 - ESTIMATED PROJECT INSTALLATION COSTl/
Mustang Creek Watershed, Texas
(Middle Colorado River Watershed)
Price Base. 1958

Installation Period June 1959-June 1964
. . Estimated Cost 2/.
Item Unit . Number . Non- = Total
: . Applied : Federal . Federal :
(dollars) (dollars) (dollars)

LAND TREATMENT FOR.
Watershed Protecticn
Snil Conservation Service

Contour Farming Acre 4,605 - 4,605 4,605
Cover Creopping Acre 5,150 - 20,600 20,600
Rotation Hay and Pasture Acre 2,487 - 13,461 13,461
Crop Residue Utilization Acre 3,034 - 3,034 3,034
Conservation Crop Rotation  Acre 4,500 - 7,200 7,200
Fertilizing ' Acre 4,500 - 7,200 7,200
Deferred Grazing Acre 41,351 - 16,540 16,540
Proper Use Acre 33,282 - 13,312 13,312
Brush Control Acre 8,096 - 40,470 40,470
Range Seeding Acre 1,233 - 6,165 6,165
Terracing Mile 279 - 16,740 16,740
Diversion Construction ' Mile 10 - 2,000 2,000
Waterway Development Acre 83 - 4,150 4,150
Pond Construction No. 50 - 20,000 20,000
Technical Assistance (Accel.) 12,500 - 12,500
SCS Subtotal : 12,500 175,477 187,977
TOTAL LAND TREATMENT 12,500 175,477 187,977

STRUCTURAL MEASURES
Scil Conaervation Service

Floodwater Retarding Struc. No. 10 577,530 - 577,530
577,530 - 577,530

SCS Subtotal
Subtotal - Construction - 577,530 - 577,530
Installation Services
Soil Conmservation Service
Engineering Services 105,005 - 105,005
Other . 68,254 - 68,254
. S¢S Subtotal 173,259 - 173,259
Subtotal - Installation Services 173,259 - 173,259
Other Costs
_ Land, Easements, and R/W - 47,700 47,700
Legal Fees - 4,771 4,771
Subtotal - Other - 52,471 52,471
TOTAL STRUCTURAL MEASURES 750,789 52,471 803,260
WORK PLAN PREPARATION COST 25,633 - 25,633
TOTAL PROJECT 788,922 227,948 1,016,870
SUMMARY
Subtotal SCS 788,922 227,948 1,016,870
TOTAL PROJECT 788,922 227,948 1,016,870

1/ Does not include Erior expenditures of flood prevention funds or accomplish-

ments resulting therefrom (see table 14).
2/ Excludes cost that will be reimbursed from other Federal funds.

Note . There are no Federal lands in this watershed. June 1959
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TABLE 1A - STATUS OF WATERSHED WORKS OF IMPROVEMENTl/
Mustang Creek Watershed, Texas
(Middle Colorade River Watershed)
Price Base, 1958

Prior to June 1959
; : Estimated Cost
Ttem . Unit . Number : 2? Non- 3!: Total
; . Applied : Federal=: Federal=": __
(dollars) (dollars) (dollars)

LAND TREATMENT FOR.
Watershed Protection
Soil Conservation Service

Contour Farming Acre 12,914 - 12,914 12,914

3 Cover Cropping Acre 718 - 2,872 2,872

Rotation Hay and Pasture Acte 1,701 - 5,103 5,103

' Crop Residue Utilization Acre 9,500 - 9,500 9,500
Conservation Crop Rotation Acre - - - -
Fertilizing Acre - - - -

Deferred Grazing Acre 20,564 - 8,226 8,226

Proper Use Acre 28,506 - 11,402 11,402

Brush Control Acre 7,030 - 35,150 35,150

Range Seeding Acre 128 - 640 640

Terracing Mile 350 - 21,000 21,000

Diversion Construction Mile 16 - 3,200 3,200

Waterway Development Acre 4 - 225 225

Pond Construction No. 113 - 33,900 33,900

Technical Assistance (Accel) 2,500 - 2,500

SCS Subtotal , 2,500 144,132 146,632

TQTAL LAND TREATMENT 2,500 144,132 146,632

STRUCTURAL MEASURES
So0il Conservation Service
Floodwater Retarding Struc. No. - - - =
SCS Subteotal - -
Subtotal - Conatruction -
lnstallation Services
Soll Conservation Service
Engincering Services -
Other - -
SCS Subtotal -
Subtotal - Installation Services - -
Qther Costs

. Land, Easements, R/W and Legal Fees - - - -
Subtotal - Other - - - -
TOTAL STRUCTURAL MEASURES - - - - -
WORK PLAN PREPARATION COST - - = -
TQTAL PRQJECT 2,500 144,132 146,632
SUMMARY .
Subtotal SCS 2,500 144,132 146,632
TOTAL PROJECT 2,500 144,132 146,632
]

1/ At time of work plan preparation.
2/ Flood Preventilon funds, including accelerated funds.

3/ Excludes costs that will be reimbursed from other Federal funds.
June 1959
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TABLE 1B - TOTAL ESTIMATED INSTALLATION COSTSLI
Mustang Creek Watershed, Texas
(Middle Colorado River Watershed)
Price Base- 1958
1/

Total Project—

- Estimated Cost

ILtem . Unit : Number : 2? Non- _:
. Federal—=} Federalgg Total

(dollars) (dollars) (dollars)

LAND TREATMFNT FOR:
Watershed Protection
Soil Conservation Service

Centour Farming Acre 17,519 - 17,519 17,519
Cover Cropping Acre 5,868 - 23,472 23,472
Rotaticn Hay and Pasture  Acre 4,188 - 18,564 18,564
Crop Residue Utilization Acre 12,534 - " 12,534 12,534
C=nservation Crop Rotation Acre 4,500 - 7,200 7,200
Fertilizing Acre 4,500 - 7,200 7,200
Deferred Grazing Acre 61,915 - 24,766 24,766
Prceper Use Acre 51,788 - 24,714 24,714
Brush Control Acre 15,126 - 75,620 75,620
Range Seeding Acre 1,361 - 6,805 6,805
Terracing Mile 629 - 37,740 37,740
Diversion Constructien Mile 26 - 5,200 5,200
Waterway Development Acre 87 - 4,375 4,375
Pend Construction No. 163 - 53,900 53,900
Technical Assistance (Accel.) 15,000 - 15,000
$¢S Subtotal 15,000 319,609 334,609
TOTAL LAND TREATMENT 15,000 319,609 334,609

STRUCTURAL MEASURES
Sni] Censervation Service

Floodwater Retarding Struc. No, 10 577,530 - 577,530
508 Subtotal 577,530 - 577,530
Surtatal - Construction 577,530 - 577,530
Tnstallation Services
Soil Conservation Service
Engineering Services 105,005 - 105,005
Other 68,254 - 68,254
SCS Subtotal 173,252 - 173,259
Subtota) - Installation Services 173,259 - 173,259
Other Cozts
Land, Easements and R/W - 47,700 47,700
Legal Fees - 4,771 4,771
Subtotal - Other - - 52,471 52,471
TOTAL STRUCTURAL MEASURES L 750,789 52,471 _ 803,260
WORK PLAN PREPARATION COST 25,633 - 25,633
TOTAL PROJECT 791,422 372,080 1,163,502
Y
Subtotal SCS 791,422 372,080 1,163,502
TOTAL, PROJECT 791,422 '572I080 1,163,502

B e
1/ Table 1 plus table lA.
2/ Flood prevention funds, including acceleration funds.

El Excludes costs that will be reimbursed from other Federal funds.
June 1959
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TABLE 5 - MONETARY BENEFITS FROM STRUCTURAL MEASURES

Mustang Creek Watershed, Texas
(Middle Colorado River Watiyahed)
Price Base Long-Term—

Item

‘Estimated Average Annual Damage.

After Land . ‘Average
; , Treatment : -Annual
Without : for W/S . With :Monetary

:Project . Protection : Project :Benefits

Floodwater Damage

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

Crop and Pasture 19,868 19,131 5,175 13,956
Other Agricultural 17,209 16,618 2,834 13,784
Nonagricultural
Roads and Bridges 2,053 1,966 309 1,657
Subtotal 39,130 37,715 8,318 29,397
Ercsion Damage
Flood Plain Scour 1,818 1,659 371 1,288
Subtotal 1,818 1,659 371 1,288
Indirect Damages 3,647 3,489 869 2,620
Tctal, All Damages 44,595 42,863 9,558 33,305
Changed Land Use
To Crop Production XXX XXX XXX 1,035
Subtotal XXX AKX XXX 1,035
TQTAL FLOOD PREVENTION BEENEFITS XXX KEX XXX 34,340
TOTAL MONETARY BENEFITS X%X XXX AKX 34,340

1/ As projected by ARS, September 19537.

June 1959




43

56T @unp _
"SPINSEAR pBIEBTS1IdIUT /¢
‘1661 19qmeadas ‘Syv £q pa3loefoad se sadtad

m1231-8U0T U0 3DURUIIUTIRE pue uoilviado pur s$37TId CT uUO paseq 3500 UVOTIBTIEISUL \M

‘16T 1aquaides ‘gyv Aq pordafoad se ‘sT2a2] 2o1ad masl-Buo] /]

T:T°T 6Z0°0€ O%E‘%E Ge0‘T 0z9°2 887 ‘1 L6E°6L TVIOL ANVED

Ty 1 296°L 819°0T 00Y - S9¢L £ve 011 0T pue ‘6 ‘g ‘L /€

T:T°T ZIL6T 6$8°02 €9 €99 ‘1 £68 v89 ‘LT g pue ‘¢ ‘4 ‘¢ ‘¢ /€
1:0°T oiL‘z  €98°¢C 0 z1z 8y €09°z T

$3in3on135 SuTpielay A3IeMpooTd

(saerrop) (saerrop) (SIETTOP) (s3eT1op) (saeyiop) (SiAeTTOP)

oT3Ey ! aMuwouu 13101l : 9s[] pueI: 3IIVITpu] : UBOTSOAY a9lem
31s0) m Hm:n=¢” : 30 3jueyd: : -pooid ¢ ‘soanseay .
11i3uayg :98elvay. GOIIUdARIg POOTA : i

\ﬂmHHmmzmm TVONNY JOVIIAV

..

{paysaaieyM 19ATY OpeIOTOD STPPIW)
sexa] ‘poysialem ¥a31) Bueisny
SISAIVNV 180D IIJANIG - 9 FTAVI




