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DESCRIPTION OF THE WATERSHED

Bitter Creek rises in the northeastern part of Grady County and flows in

a southerly direction for approximately 20 miles, entering the Washita
River about seven miles east of Chickasha in Grady County, Cklahoma, West
Bitter and Brushy Creeks comprise the western portion of the watershed
area, The eastern portion is drained by East Bitter and Spring Creeks.
Easgt Bitter and West Bitter Creeks join about one mile south of U, 5, High~
ways 277 and 62 to form the main stem of Bitter Creek. Friend Creek, =
small direct tributary of the Washita River, is also included in the
watershed plan,

Amber, located on the nortlwestern boundary of the area, is the only tomm
in the watershed, There are 156 miles of roads, of which 26 miles are
hard-surfaced.

The watershed has an area of 73,243 acres (11k.L sq. mi.), of which
69,889 acres are in farms and ranches. The remaining area is composed of
1,504 acres in stream chamnnels, urban areas, roads, railroad and miscell-
aneousg uses, and 1,850 acres which lie within the confines of the Corps
of Engineers' proposed flood control and water supply reservoir. The
bottomland area, 14,086 acres, is divided as follows: 12,052 acres in
Bitter Creek; 206 acres in Friend Creek; and 1,828 acres of Washita River
bottomland not subject to flooding by Bitter Creek or its tributaries.
These figures include 628 acres of stream channels in Bitter Creek, 1,500
acres of bottomland in the Corps of Engineers! reservoir site on Vest
Bitter Creek, and 20 acres of stream channels in Friend Creek.

Soils and Land Use

The entire watershed is in the Reddish Prairies Problem Area in Soil Con=-
servation. It is divided into five sub-problem areas on the basis of
differences in soils, topography, land use, land treatment, and contribu-
tion to modern sedimentation rates.,

The soils of Area A are dominantly dark grayish brown to dark reddish
trown, deep to shallow, and medium-textured, A large percentage of the
soils have very slowly permeatle {claypan) subsoils, and "slick spots"
are numerous, The soils are productive, and 7L percent of the area
(3,885 acres) is used for the production of cultivated crops. Of the
remaining, 20 percent (1,05L acres) is in pasture or range land, 1 per-
cent (4L acresge %26

is in miscellaneous uses, and 5 percent 2 acres) is




abandoned cropland, Area A is located on the divides in the wesvern part
‘of the drainage area and occupies 5,2L5 acres, or 7.1 percent, of the
watershed.

The soils in Area B are reddish in color and moderately productive. They
are classified as follows: deep, medium-textured soils, 50 percent;
shallow and very shallow, medium-textured, L2 percent; and rough broken
land, 8 percent., Nineteen percent of the area (10,393 acres) is culti-
vated; L5 percent (2L,260 acres) is in pasture; 1 percent (500 acres) is
in miscellaneous uses; and 35 percent (18,L09 acres) is abandoned crop-
land, This area contains 53,562 acres of rolling or hilly land and
occupies T3.0 percent of the watershed.

Area C consists primarily of deep, medium-textured bottomland seils which
are reddish brown to dark brown in color, Only 5 percent of the soils
are fine-textured, Generally, these soils are very mroductive, 89 percent
of the area (9,57L acres) being in cultivation., Of the remainder, 5 per-
cent (1486 acres) is in woods pasture and 6 percent (698 acres) is in
miscellaneous uses., Some of the bottomland on Bitter Creek is on a low
terrace which has not flooded in modern times., Area C occupies 10,758
acres, or 14,8 percent, of the watershed.

Area D is Washita River bottomland and terrace soils which are not sub-
ject to overflow from streams in the Bitter Creek watershed. The s0ils
are reddish brown to dark brown in color. Approximately 50 percent are
deep, fine-textured, and 50 percent are deep, medium-textured soils.
These soils are very productive, Seventy percent of the area (1,2?6
acres) is in cultivation, 23 percent (420 acres) is in woods pasture,
and 7 percent (132 acres) is in miscellaneous uses. Nearly all of the
area in woods pasture is subject to freguent flooding by the Washita
River. This area occupies 1,828 acres, or 2,5 percent, of the watershed.

Area E is composed of 1,850 acres which lie within the confines of the
Corps of Engineers'! proposed flood control and water supply reservoir,
This reservoir occupies 2.5 percent of the waterched area.

Total land use in the watershed is as follows:

Percent of
Land Use Acres Watershed Aros
Cultivated Land 25,128 31143
Pasture 25,314 34,6
Voody Pasture 906 1.2
Idle 18,671 25,5
Miscellaneous 1,37k 1,9
Corps of “ngineers' Reservoir Site 1,850 245

Total 73,243 100,0
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Geology and Topography

The drainage area consists of gently rolling to hilly topography in the
Redbed Plains section of the Central Lowland province. It is well drained
by a system of V-shaped valleys trending in a southerly direction. The
main alluvial valley bottom is approximately 10,000 feet wide at a point
immediately below the junction of East and ¥West Bitter Creeks. The valley
narrows down to 2,000 feet in width at hydrologic section 1B, approxi-
mately two miles below the junction. Near the headwaters of the creek the
bottomland narrows to 200 feet or less.

The Chickasha formation and Duncan sandstone are the exposed geological
units through which the stream flows. Both formations are of Permian age.
The upper part of the Chickasha formation consists of a scries of deep
red to purple mudstone conglomerate lenses, separated by very fine-grained,
pink uncemented sand. The middle portion is a stratum of pink, unconsoli-
dated fine-grained sand in which no massive lenscs occur, The lower part
of the Chickasha formation consists of a series of massive, dark red
midstone lenses separated by red shales and an occasional sandy shale.

In the northern part of the watershed the lenses in the Upper Chickasha
are less massive, and the formation occurs mainly as banded gypsiferous
shale,

The Duncan sandstone consists chiefly of a wcll-cemented sandstone 10 to
50 fect thick, which varies in color from buff to light red. Below this
sandsto ne are alternate beds of very soft green and red shales and thin
sandstones.

Climate

The c¢limate is usually mild with extreme variations. The average maximum
temperaturc for August is 95.8 degrees Fahrenheit, and the avcrage minimum
for January is 26.8 degrecs. However, oxtremes of 11 degrees below and
116 degrees above zere have becn recorded,

The growing season has varied from 189 days im 1932 to 268 days in 1927.
The average frost-frec period of 217 days extends from karch 29 to
Novembor 1., The arca is charactcrized by high-intensity rains in the
spring, summer, and fall months, Storms over the area arc of two types:
those of long duration (1 to 5 days), and the high-intensity storms which
usually last but a few hours. Storms of cither type have produced
damaging floods in the Bitter Creek watershed.

The average annual rainfall is 30.86 inches. Rocords show that about 77
percent of this rainfall comes during the growing pcriod of Lpril through
QOctober.

Water Resources

Potable water, although usually high in mineral content, is obtainable
from wells in most parts of the watershed. One hundred and fourteen farm
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and ranch ponds have becn constructed on Soil Conservation District
cooperators! farms. In the immediate futurc, 1L0 additional stockwater
ponds are needed for better distribution of grazing in thc area. The
Corps of Engineers! proposed reservoir, when constructed, will provide
a new or additional source of water for the City of Chickasha. This
reservoir site is shown on the work plan map,

ECONOMY OF THE WATERSHED

Apricultural Economy

The Bittor Creck watershed is an agricultural area, Livestock production
and dairying are important enterprises on the farm and ranch units which
range in size from 80 to 1,950 acres., Forage and grain crops arc produced
on 88 percent of the cultivated land, These crops are fed to dairy
cattle, beef cattle, hogs, and sheep; and a surplus is marketed,

Crops grown on the bottomland inelude alfalfa, small grains, corn, and
broomcorn. Upland arcas in cultivation are used to produce small grains,
grain sorghums, and cotton., Idlc land is being sceded to native grasses
for pasture,

The Bitter Creck watershed is served by onc Soil Conservation Scrviece work
unit .which is assisting the Grady County Soil Conservation District. This
work unit has assisted farmers and ranchers in preparing 197 conservation
plens on 49,892 acres within the watershed boundaries. ‘here land treat-
ment measures have been applied and maintained for as long as two or
three years, crop yields have increased ¢ to 3k percent.

Uprban and Othoer Influences

Urban influenceos upon the economy of Ditter Creck watershed area are
importent., This arca is in Oklahoma City's milkshed, Because of this
market for whole milk, 50 percent of the cattle are dairy animals, The
importance of dairying is further indicated by the more than 50 grade-A
units which are in production. The Oklahoma City stock yards hendle most
of the livestock marketing for farmers and ranchers in the arca.

Chickasha has market facilities for all types of agricultural production
from the watershed, Storage, warchousing, and processing establishments
are available to producers of grains, bwroomcorn, cotton, and certified
ficld crop secds., Chickasha is the scat of counby government. It is the
home of Oklaheoma College for Viomen and the Cotton Research Station of
Oklahoma A&M College., Morchandising facilitics of Chickasha adequately
meet the needs of the arca,.

Residents of both Chickasha and Oklahoma City have purchased farms and
ranches in the Bitter Creck watershed., This urban demand for ownership

has created higher land prices.




Ues 5., State, and County roads accommodate travel by cars and trucks to
a2ll points of the area. Railroad service is available at Chickasha and
Arbor,

Although there is no oil develonment in the watershed, therc has been
extensive leasing activity. Sales of royalty and lease payments have
been an important economic influence,

FLOOD PROBLEMS AND DAMAGES

Bitter Creck has flooded fregquently and caused high annual damage, During
the 20=year period from 1923 to 1942 inclusive, there were 11 floods which
covered more than one~half of the flood plain, and 71 smaller floods,
Eighty percent of the larger floods occurred during the spring and summer
months, causing great damage to growing crops. The flood plain, cxclusive
of channel area, is 9L.l percent cultivated. Demage rates are high due

to the intensive cropping system,

FLOOD CONTROL ACTIVITIES

Farmers and ranchers have spent much time and money during the past few
yvears on ditches and levees and in straightening creck channels, Usually
this work has been donc on an individual basis without rcegard to the
over=all flood problem, Far this reason these efforts are effective only
during small floods and are of minor importance in eliminating damages
from large storms.

LAND TREATMENT ACTIVITIES

During the past threc years, landowners and operators in 22 small neighbor
groups, with membership wholly or partly within the Bitter Creek watcrshed,
have been cooperating with their soil conseorvation district in the appli-
cation and maintenance of land treatment practices on their lands.

HYDRAULLC AND HYDROLCGIC THVIESTIGATIONS

The rainfall secrics for the period 1923 through 1942 was selcchtod as most
representative for the watershed., All damage-producing storms for this
period were routed under the following conditions: (1) Present conditions,
(2) with land treatment practices and measures applied, and (3) with land
treatment measures applied and the system of floodwater detention struc—
tures in operation.

The storm used for detontion structure design would produce lL.2 inches

of runoff under present conditions. Runoff of this magnitude is not
expected to occur more frequently than once in 25 years, and this value
was used in determining minimm floodwater dctention sborage requiremants.,
From a study of rainfall-runoff and channel-size relationships for this
watershed, it was found that a rain of 1,27 inches was the minimum which
would causc flooding at the smallest channel section under present con-
ditions, This section, 2-IB, is located on the east fork of Bitter Creek




one-half mile above U, S. Highways 277 and 62 and has a chamnel capacity
of 55C cubic feet per second. ith land trecotment practices and measures
applied to the watershed, 1,5C inches of rainfall would be required to
produce flooding at this scetion. With land treatment practices and the
rroposed system of floodwater detention structwres in operation, 1.91
inches of rainfall would be required to flood section 2-EB,

The largest rain which occurred during the 20=ycar period was one of

6.12 inches, which produced 2,98 inches of runoff. Under present con-
ditions, 5,693 acres of the flood plain would be inundated by the runoff
from this storm. If such a rain were to occur after land trcatment
practices and measures have becn applied, it is estimated that the arca
immndated would be reduced to 5,243 acrcs. These figures are based on
the cntire flood plain area, assuming the Corps of Engineers' roscrvoir
in place, With land treatment measures applied and the detention struc-
turcs in operation, only 2,125 acres would be flooded as a result of such
a storm. However, an additional 380 acrcs of flood plain would lie within
the permanent pools of proposed detention structures and 308 acres within
the detention pools.

The channel capacity of Bitter Creck at vallcy section 1 is 4,250 cubic
feet per second. This scction is located anproximately one-half mile
above the mouth of Bitter Crcek., The peak discharge at this point for a
6.12-inch rain under prescnt conditions was 19,200 cubic fect per sccond.
The discharge would be reduced to 6,600 cubic foot per sccond by land
treatmont and the proposed systam of floodwater detention structurcs,.
Both of these figurcs arc bascd upon the assumption that the Corps of
Enginecrs! reservoir is in place,

SEDDMEMTLTION CCDITIONS

Chennel enlargement in the main valleys and entrenched gullies in the
headwaters of the drainage arca arc the chief sediment sources., Bank
crosion is occurring in all mzjor branches of the watershed, Tt is csti-
mated that 3,77 acres are lost annually by bank crosion in the alluvial
bobtoms. The chamel banks avcrage 16 feot high; thercfore, approximately
60 acre=foot of scediment is produced annually from this sourcc alonc. &
fow decp, entrenched gullies occur in the watershed. They average 50 feet
wide at the top and 20 fect in depth, and ercsion is occurring on 50 to
100 percent of the length of the gully sides.

Shceet and gully crosion are severe on abandoned cultivated land in the
watershed, This change in land use has reduced the amount of shect
erosion, but numerous small gullies still producc large amounts of sedi-
ment. These gullies are V-shaped, averaging 2 to 6 foct in depth and

10 to 20 fcet wide at the top. In some arcas the gullies arc less than
100 foet apart. Scction-linc roads are producing apprcciable amounts of
sediment to proposed detention structure sites, It is cstimated that

L0 acre-fect of scdiment is being produced annually from thesc arcas.




Accelerated Overbank Deposition

Examinations were made along all hydrologic cross-sections in the Bitter
Creek watershed to determine the area affected and extent of damage by
overbank deposits. Damaging modern deposits were found on 2,976 acres,
or 2li,2 percent, of the bottomland area. The textures of the modern
deposits are dominantly fine and very fine sands with low percentages of
silt and clay in the mixbure. The highest percent of damage occurs in
the narrow first bottoms in East and Viest Bitter Creeks. In these areas
the trees have modern sediment accumulated around their trunks to a depth
of from ! to 7 feet. In the lower part of the valley the first bottom
has been completely filled with sediment, and its elevation is now higher
than the low terrace. This is causing increased flood and sediment damage
to the widest portions of the bottomland area.

The old soil beneath the modern deposits is dark brown to black in color
and moderately fertile. Analysis of this old soil at cross-section 3-Br.
shows it to be high in potassium, neutral in reaction, and medium in
organic matter and phosphorous content. Analysis of modern sediment near
the channel at cross-section 2-WB shows the potassium content to be
doubtful and the organic matter content to be very low. Application of
comuercial fertilizer (L~16~0) at the rate of 300 pounds per acre is
recormmended for alfalfa production by the Soils Operation Laboratory at
Stillwater, Oklahoma.,

Hodern sediments range in color from brown to yellowish red. Assessed
damages were estimated to range from 10 to 80 percent, depending on the
texture, color, and depth of the recent dcposit.

The Corps of Engineers! flood control reservoir will cover a portion of
the flood plain of West Bitter Creek and Brushy Creek. This portion of
the damageable flood plain is, therefore, subtracted from the bottomland
total for damage calculations.

The exbtent of damage by modern overbank deposits was estimated to be a
total of 353 acres damaged 10 percent; 1,064 acres damaged 20 percent;
;31 acres damaged 4O percent; 390 acres damaged 60 percent; and 139 acres
damaged 80 percent. The period of accelerated erosion is estimated to be

50 years,

£11luvial Fans

Damaging alluvial fans are numerous in the watershed. Severe sheet and
gully erosion on adjacent hill areas have deposited sediment on the
bottomland to depths of from 6 inches to 3 feet. These areas are above
ordinary overflow from the main channels. The degree of damage varies
locally with the color, depth, and texture of deposit. It is estimated
that 886 acres, or 7.6 percemt, of the bottomland area have been damaged

by alluvial fans,




The exbent of damage by alluvial fans was estimated to be 3k acres
damaged 10 perccent, 799 acres damaged 20 percent, and 135 acres damaged
Lo percent, The period in which this damage has occurred is estimated

to be 50 years.

Channel Filling

Chamnel filling is a major source of damage. The main upstream channels
have enlarged during the past L0 years and have caused gully entrenchment
in the headwater areas. FErosion from the entrenched areas, along with
rapid channel enlargement in the upper part of the bottomland, is rapidly
f£illing the channels near the mouth of the creck. At the bridge where

U, S. Highway 62 crosses West Bitter Creek the channel has filled 3 feet
in the past 15 years, according to highway engineering records. The
channel has a sandy bedload, and filling occurs cither over the entire
bottom of the channel or in the form of bars 50 to 200 feet long. In-
croased flooding due to reduced channel capacities is causing the farmers
to straighten channels and build levees. An increase in the anmial cost
of contrelling floodwater and sediment by these methods is expected in
the futurc.

Rescrvolir Damapc

The roposed Corps of Engineers' reservoir has a nct drainzge area of

55 square miles, . The annual rate of scdiment contribution is estimated

to be 1,8 acre-feet per square mile of drainage area under prcsent con- _
ditions of land treatment. It is expected that the application of land '
treatment measures would bring about a L0 percent reduction in the sedi- /
mentation rate, lcaving an estimated annual deposition of 1,08 acre-feet

per square mile of drainage area,

A further reduction in the rate of sediment deposition in the Corps of
Enginecrs' proposed rescrvoir would result from the construction of the
pianned floodwater detention structurcs. An cstimated 90 percent of the
sediment reaching the detention structures would be retained in the
pormanent pools. Therefore, the annual sediment contribution to the
proposed reservoir would be reduced te 0,107 acro-foot per squart mile of
drainage area for the 32 square miles controlled by the system of
detention structures, The total sediment contribution to the reserveir
under prosent conditions is 99.0 acre-feet annually. The sediment
contribution would be roduced to 28,3 acre~feet per year by land treat-
ment and the proposcd system of floodwater detention structures.

Sediment Output Rates

Sediment output rates arc high in the watcrshed. The sediment is coming
from active sheet and gully erosion and enlargement of the stream channels.
Predictions of secdiment output ratecs are based on a close study of recent
aerial photographs of the watershed and a reconnaissance of the watershed

area.




Estimated scdiment deposit rates to downstream detention structurcs are
0.5 to 1.0 acrc-foot per square mile in sub-problem area A and 1,0 to
2.5 acre-feet in sub-problem area B.

Reduction of sediment output rates in the future is expected to result
from further adjustments in land use and intensified land treatment.

FLOOD PLAIN SCQOUR AND CHANNEL ENLARGEMENT

Flood FPlain Scour

It is estimated that 239 acres, or 2,L percent, of the bottomland area
have been damsged by flood plain scour. Damages werc estimoted to range
from 10 to 90 percent. The percent of damage is based on loss of topsoil
and changes in topography causing increased farming hazards.

The extent and percentages of damage by flood plain scour were cstimated
to be a total of 22 acres damaged 10 percent, 94 acres damaged 25 percent,
91 acres damaged 50 percent, 2l acres damaged 75 percent, and 8 acres
damaged 90 percent., These damages arc based on a 1l0-year scour cycle.
These are net damages and do not include the area inundated by the pro-
posed Corps of Engineers' rcservoir.

Chammel Enlargement

Channel cnlargement is causing a substantial loss of good bottomland in
the Bitter Creck watcrshed. Bank erosion was cbserved at nearly all
hydrologic crogs—sections. Annual lateral cutting of the banks was
cstimated to range from 6 to 36 inches. In some arcas as little as

10 perccent of the bank areas are croding, but in the most severe areas
the barks are eroding on 100 percent of both sides, The worst arcas are
located at hydrologic cross-sections 3-WB, 4-WB, 6-WB, 7-WB, L-Br., 2-IB,
5a-EB and 3b-Sp.

The annual loss of land by chamel cnlargement in the Bitter Creck watcr-
shed is cstimated to be 3,77 acres. This is the net acreage loss, assuming
the proposed Corps of Engineers' reservoir is in place.

FLOOD DAKAGES

Tlood damage informetion for approximately three-fourths of the flood
plain arca of Bitter Orcck and its tributaries was obtained from land-
owners or operators. Most of the specific information as to amounts and
extent of damage related to the May, 1949 flood and the flood of July,
1950. Other information obtained included fleood plain land use, yiclds
of major crops, property damages which would result from a major flood,
and general flood problems. The percentage of damage to flood plain
lands by sedimentation and scour was determined on the basis of reduced
productivity and increased cost of production.

Information concerning flood damages to roads and bridges was obtained
from Grady County road officials,
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Pamge rates to crops and pestures were determined for both season and
depth of flooding. Wonetary evaluation was based on present prices and
costs., After estimating the amount of crop damage which would have
resulted from a single flood during the 20~year rainfall series, this
figure was adjusted for recurrence of flooding. Flood plain areas lying
within the pool limits of proposced detention structures and the Corps of
Engingers' reservoir were excluded from zll damage calculations.

The total direct floodwater and scdimentation damages are estimated to
average $12l1,256 annually under prescnt conditions, of which 38,188

(68 percent) is crop and pasture damage. These figures are based on the
entire flood plain area, exclusive of that covered by the Corps' rescr-
voir. After excluding the arcas of flood plain inundated by the proposcd
floodwater detention structures, the average amual dircet damage would
be $111,92l, of which 74,0hli is crop and pasture damage. In addition,
there are numerous indirect damages such as the interruption of travel,
losses sustained by dealers and industries dependent upon agricultural
products from or sales to residents of the flooded areas, demreciation
in property values in the fleooded areas, and similar items. Ten percent
of the total annual value of the dircet damages, or 11,192, was taken
as a conservative cvaluation of the annual indirect flood damages. The
average annual monetary flood damages are summarized in Table 1.

THE REMEDIAL PROGRAM AND ITS EVALUATION

Land Treatment Measures Needed

The major land treatment measure needed is the seeding of 19,400 acres
(27 percent of the area) of the following two types of areas: (1) Idle
land, and (2) areas now in cultivation on which a permanent grass cover
neads to be established.

Approximately 460 miles of terraces are necded to assist in the control
of erosion on 7,000 acres of cultivated land. About 160 acres of vege=
tated waterways are needed to carry the runoff from thase systems of
terraces, and 20 drop-inlet structures are nccded for the protection of
the vegetatod watcrways.

Other land treatment measurces needed include 77 miles of farm diversions;
250 farm ponds; 180 miles of fencing to enclose newly retired and resceded
arecas; improved crop rotations on 211,998 acres of cropland; and 26,220
acres of improved range and pasturc management,

The estimated total cost of installing these measures is $771,015, and
the annual cost, including installation and maintenance, is 540,782,

Flood Control Structures and Mecasures

The flood control structures and measures needed to provide adequatce flood
protection for the flood plain lands and highways are shown in Table 2,
items 1 through 5.
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A system of 11 detention structures is needed to protect the flood plain
lands along Bitter Creek and its tributaries. The proposed detention
structures and their drainage areas are shown on the Work Plan Map., Des-
cripti;e information concerning the detention structures is summarized in
Table 5,

The system of detention structures and the Corps of Engineers' reservoir
will detain the runoff from 75 percent of the portion of Bitter Creek
lying above cross=section 1. If the Corps of Engineers' reservoir is
clirinated, 50 percent of the area lying above this cross=section will
be controlled by the proposed system of detention structures.

#s indicated, it will be neccssary to relocate portions of several county
roads. A transmission line and a pipe line must also be moved wherc they
cross the pool areas of proposed detention structures.

The estimated total cost of applying these structures and measures is
#571,846, and the annual cost, including installation and maintcnance, is

$1.7,617.

FEffect of These licasures on Damages and Benefits

The conbined program of land treatment and flood control measures des-
cribed above would prevent damage from 25 of the 71 minor floods and 11
major floods such as occurrcd in the 20-year period 1923 to 1942
inclusive., The remaining floods would be reduced to minor floods cover-
ing an average of 850 acres annually and causing an estimated average
annual damage of $21,190,

The annual benefit from reduction of scdiment in the Corps of Engineers'
reservoir is estimated to be $3,56L from land treatment measures and
32,799 from the proposcd floodwater detentien structures.,

Most of the expected rcoduction in annual flood damages would be effected
by land treatment measures. The annual value of the reduction in flood
damages attributable to the detention structurcs is cstimated to be
wh5,917 out of the total of $101,926 from all measures as shown in

Table 1.

Owners and operators of flood plain lands say that if flood protection

is provided they will intensify their usec of these lands by growing’
higher value crops such as alfalfa, cotton, and broomcorn on areas now
uwsed for grain sorghums and small grains, They also expect to clear the
timber from woods pasturc arcas and placc them under cuitivation after
flooding has been reduced, It is cstimated that this more intensive use
would increase the net income to the land, aftcr all expenses are deducted,
by 913,680 annually. The total flood control benefits arc estimated to
be $115,606 annually. In addition, it is estimatod that the benefits to
landovmers and operators in upland arcas of the watcrshed from the appli-
cation of land trcatment measurcs would be (256,525 annually, The total
expected benefit from the combined program would amount to 372,131
annually,
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The cxpected land treatment bencfits were determined by estimating the
increcased net income to the land which would result from the application
of the necded land troatmont practices and measures., Tt was assumed that
the proportion of cropland used for cach crop would not change, although
the total arca used for cropland would be decreased by the retirement of
idle cropland and steep and severely croded arcas to native grasses.
Likkewisc, it was assumed that there would be no change in the percentages
of cattle used for dairying and beef production, although the total
number of cattle would increase materially becausc of the increased
acrecages of pasture and the greater per-acre pasturc carrying capacity to
be expected from the application of land trcatment measures,

The estimeted increase in annual net income is $52,599 from crops and
203,926 from pasture, or a total of $256,525 annually.

Comparison of Costs and Benoefits

The ratio of the average amnual bencfit from detention structures,
#59,597, to the average annmal cost of the detention structurcs and
appurtenant structures, $17,617, is 3.38:1.

The ratio of the average annual benefit, $312,53L, from the land treat-
ment measures and practices to their average annual cost, 540,782, is

7.66:10

The ratic of total averape annual benefits, $372,131, to total average
anmal costs, 58,399, is 6.37:1. See Table l.

AWNUAL MATNTENANCE

Fstimeted anmual maintenance costs after the land treatment measures and
flood control structures have been installed are shown in Table 3.

It is expected that the flood control structures will be maintained by
the benefited farmers under an agrcement with the soil conservation dise
trict which carries the responsibility for maintenance. UGroup organiza-
tions of farmers will be dsoveloped for this purpose. The land treatment
measures will be maintaired by the landovmers or operators of the farms
on which the measures arc instslled.
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Table 2
Cost Lstimate Table
BITTER CRWEK W.1ERSHID
Cost
To To State,
. To Federal County

Structure or Moasure Unit No. Farmer Funds or Other Total
Detention Structures Each 11§ #$03,170 $51,500 $ Lok, 670
Site Acquisition Total 6l,4880 6ly,880
Culverts Each N 8,411 8,411
Relocating Roads Mile 2.1 2,580 2,580
Floodwater Diversions Mile 3.0 1,305 1,305
Seeding Retired Areas  Acre 19,400 197,880 131,920 329,800
Farm Waterways Acre 160 12,000 4,000 16,000
Terracing Mile L6o 57,500 57,500
Farm Diversions Mile 77 11,550 11,550
Drop Inlets, Inc, Fills Each 20 60,000 60,000
Farm Ponds Each 25) 11k, 300 114,300
Farm Fencing Mile 180 72,000 72,000
Farm amd Ranch Planning

and Application Acre  73,2L3 109, 865 109,865

Total 865,230 $615,140  $62,491  $1,342,861

Estimated Amount to be
Expended During 1952
Fiscal Year $ 54,000 $122,500 $ 176,500
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Table 3
Annual Costs
BITTER CREEK WATERSHED
Annual Cost
otructure or Measure Unit No. Installation Maintenance Total
Detention Structures Each 11 $1h,027 $ 1,200 $15,527
Site Acquisition Total 1,622 1,622
Culverts Each L 210 Lo 250
Relocating Roads Mile 2.1 65 65
Floodwater Diversions Mile 3 33 120 153
Seeding Retired Areas Acre 19,100 11,213 11,213
Farm Waterways Acre 160 580 6L0 1,220
Terracing Mile 460 2,300  b,600 6,5 500
Farm Diversions Mile 77 Lé62 616 1,078
Drop Inlets, Inc., Fills Each 20 1,500 500 2,000
Farm Ponds Each 25Y hyS72 h,572 9,20y
Farm Fencing Mile 180 2,880 3,600 6,180
Farm and Ranch Flanning
and Application Acre 73,243 2,7L7 24707
Total $h2,611 $15,788 $58,399
Flood Comtrol Structures and Measures $17,617
Land Treatment Practices and Measures Lo, 782
Annual Maintenance - Farmer $15,7h8
Annual Maintenance - State, County or Cther 0




Table I
Comparison of Average Annual Benefit and Cost of the Recommended Program
BITTER CREEK WATERSHED
(1950 Prices)

Benefit per

Source of Benefit Annual Cost Annual Benefit Dollar
of Cost
(dollars)} (dollars) (dollars)

Detention Storage 17,617 59,597 3.38

Land Treatment

Flood Control XXX 56,009 XXX
Land Treatment K 256,525 XHX
Total Lo, 782 312,53L 7.66

All Sources 58,399 372,131 6437
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APPENITX
Table 1

Increase in Income Through More Intensive Use of Flood Plain Lands
BITTER CREEK WATERSHED
(1950 Prices)

Gross Net
Iand Use Acres Yield Production Income Cost Income
Present Conditions
Alfalfa 1,302 L,.25 Ton 5,533 $112,559 $ h3,957 ¢ 63,602
Corn 733 4O Bu. 29,320 38,409 16,95 21,1455
Broomcorn 6L8 «25 Ton 162 56,700 28,998 27,702
Qats 641 50 Bu. 32,050 26,922 8,9&8 17,97h
Wheat 518 25 Bu. 12,950 26,029 74274 18,755
Cotton 667  LOO Lb. 266,800 99,250 50,065 49,185
Grain Sorghum 196 2000 Lb, 392,000 74566 3,125 Lyl
Woods Pasture 250 1.00 Ac, 250 125 125
Miscellaneous 50
Total 5,005 $367,665  $159,l46  $208,239
After Land Treatment
and Detention Storage
Alfalfa 1,549 L.25 Ton 64583 $133,437 $ 52,L97 $ 680,940
Corn 633 LO Bu. 25,320 33,169 1,641 18,528
Broomeorn 771 .25 Ton 192.8 67,180 31,601 32,876
Oats 5L 50 Bu, 27,050 22,722 74553 15,169
Whe at 518 25 Bu. 12,950 26,029 75274 18,755
Cotton 793  LOO Lb. 317,200 117,998 59,627 58,371
Woods Pasture 150 1.00 Ac, 150 75 75
Miscellaneous 50
Total 5,005 $400,985  $176,271  $22),71h
Net Increase $ 16,475
Less Overhead 1,648
Less Added Damage 1,147

Net Benefit

$ 13,680
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APPENDIX
Table 2

SEDIMENT DAMAGE TO COKRFS OF ENGINEERS' RESERVOIR
AND BENEFITS TC THE PROPOSED RESERVOIR
THAT CAN BE EXPECTED BY INSTALLATION
OF UPSTREAM FLOOD CONTROL MEASURES
Basic Data
Stream - West Bitter Creek
Location ~ 7 miles by valley above junction with Washita River

Drainage Area - 57 square miles

Storage Capacity
Sediment Storage « o « « ¢« ¢ 4 o s . . 6,700 acre-feet
Water SUpply « o o o o o o o o o o o o 11,600 acre-feet

Flood Control & B & & & & & & & & 4 lh,OOO acre=-feet

Total 32,300 acre-feet

The annual rate of sediment contribution to the proposed Corps of Engineers?
Reservoir on West Bitter Creck is estimated to be 1.8 acre-feet per square
mile of drainage area. Cost per acre-foot of storage, Corps of Engineers®
Reservoir = $90.0’Ot

It is believed that the land treatment program will reduce the sediment
output rate by LO percent when these practices are established.

Surface area of water supply and sediment storage for Corps of Enginecrs!
Reservoir is approximately 2 square miles.

Then 57 = 2 = 55 square miles net drainage area applicable to the land
treatment measures.

Then 1.8 x 55 x L0 a 39.6 acre-feet of sediment prevented by the land
treatment practices.

The arnual benefit from land treatment will be $90.00 x 39.6 = $3,56L.00.

The drainage area above the reservoir protected by floodwater retarding
structures is approximately 32 square miles.

Since low release rates are planned for these structures, it is estimated
that they will retain at least 90 percent of the sediment transported from
the drainage area to them.
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APPENDTYX
Table 2 (Cont'd,)

Then 148 x o0 » 0.72 acre-foot of sediment per square mile of drainage
that is stopped by the land treatment measures, and 1.8 minus 0.72 equals
1.08 acre-feet per square mile that will reach the detention structures.
The sediment retained by these structures will be 1.08 x .90 x 32.0 or
31.1 acre-feet annually.

The annual benefit from reduction of sediment to the Corps of Engineers!
Reservoir by the proposed floodwater retarding structures will be
$90.,00 x 31.1 or $2,799.00.

Summary
Annual damages = (55 x 1.8 x 90) = $8,910.00 present conditions
Anmmal damages = $8,910 - $3,56L = $%5,3L6.00 with land treatment only

Annual damages = $8,910 - $6,363 = $2,5L7.00 with detention storage
and land treatment

Annual benefit = $3,564.00 from land treatment measures

Annual benofit = $2,799.,00 from detention storage

Annual benefit a $6,363.00 from detention storage and land treatment
Measures.
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TOTAL ACRES IN BITTER CREEK"
73,243 ACRES

LEGEND

A Deepand slaliow medium textured
Rolling Red Plains soiis.

B Deep,shallow, very shallow and rough
broken Rolling Red Plains soils.

C Fine ond medium textured bottomiand
soils.

D Washita River bottomland and terrace
soils.

Mydrologic Gross Sections
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