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DESCRIPTICON OF THE NATERSHED

Clear Fork rises near the town of Poolville, in Parker County, Texas,
and flows in a southeasterly direction for }0 miles, emptying into
Benbrook Reservoir. The watershed ranges from 7 to 12 miles in width,
averaging 10 miles. Gourd Neck, ¥i1llow, Burgess, Bear, South Bear,
Rock and Primrose Creeks are the major tributaries.

Waptherford is the principal municipality, dbut there are several small
villages located in the watershed.

There ars LL5 miles of roads, of which 102 miles are hard-surfaced and
%00 miles are graveled all-weather roads. Of the 110 bridges, 35 are
major bridges spanning the larzer streams.

The watershed comprises 246,880 acres, (417 square miles) of which
241,98} acres are in farms. The remaining 1;,896 acres, about 1.8 per-
cent, are in urban areas, roads, rallroads and miscellanecus usese. The
bottomland area includes 9,408 acres of flood plain and LB8 acres of
stream channels,

Soils and Land Use

The Clear Forl watershed lies within two soil conservation problem arsas.
About 72 percent of the area above Benbrook Reservoir is Grand Prairie
and 28 percent is West Cross Timbers.

The Grand Prairie portion of the watershed was originelly covered by tall
grasses. The soils were developed from limestone and shale formations
and consist of dark clays and clay loams., They vary from gray to brown
in color and from deep to very shallow. The very shallow soils arse
fairly well distributed over the Grand Preirie area, mostly on valley
slopes, end are not suited to cultivation,

The deeper soils of the Grand Prairie are fairly fertile and suitable
for cultivation of general crops. They cccur mostly on the more gently
sloping divides and in the valley bottoms. The Grand Prairie soils
cccupy about the lower two-thirds of the watershed, Erosion cver most
of this area has been moderate due to tho types of farming practiced.
Soms small grains are grown which provide winter cover for the land,
Ahout 2% porcent of the Grand Prairie is in cultivation, &7 percent
pasture, and 10 psreent wooded pasture.

The Wosgt Cross Timbers area is located at the upper end of the watershed.
The area orizinally was covered with native post oak timber until clecared



for cultivation. Most of the cleared land, cxcept the bottomland soils,
lies on rather steop slopos. The soils are mostly medium textured, with
some coarse toxtured surface soils overlyine crumbly subsoils, BErosion
in the aroa is severo to very severc dus to improper land use, steepnoss
of the slopcs, poor vegetative cover snd the hich dotachability of the
soil particles. Wind erosion is rather ssvere on the coarser texturad
soils, About lJ) percent of this area is in cultivetion or idle, 28 per-
cont in open puasture and 28 percent in wooded pasturo,

Approximately 55 percent of the flood plain is cultivated, 32 porcent
is in opon pasture, and 13 percent in wooded pasturs,

Geology and Topography

Tho watershed lies in two sections of the Contral Lowland physiographic
provinco, and contains two lower Cretaceous rock groups.

The westorn headwatoer area of the watershcd, known as the West Cross
Timbers (28 percent of the drainage area), is underlain by tho sandy
Trinity formation. Underlying most of the ceastern part is a series of
limestone, marls, and shalos of the Fredoricksburg and Washita formations
(72 percont of the drainage aroa) which ovorlie the Trirnity sands.

The Frodericksburg limestonos outerop in narrow bands or ridgos along
tho wntershod divides of most of the tributary stroams in tho contrel
and lowor roachss of the watershod. In goneral the Fredericksburg for=
mation lics bebwoon tho Trinity on the west and tho Washita formaetion

on the oast, The Washita formation cccurs in tho contral and lower sec-
tions of the watorshed.

Gonerally the structure of all tho rock fermations is fairly uniform.
Tho dip of the formations is approximately southeast at low angles. In
gonoral the sandy, easily eroded Trinity formation (West Cross Timboers)
has produced modium to coarso toxturcd, fertile soils., The shalos,
marls and thin limestones of the Fredericksbure and Washita groups
(Grand Prairie) have woathorod %o producc dark browm to black fine
toxtured prairie typo seils,

Practically all of the arca is topographically mature and has a waell
developed dendritic drainago system., The toocography is rolling, becom-
ing morc broken ncar the huadwaters. Local roliof alonzy the major
stream valleys runges from a minimum of 50 foot in the lowsr reachos to
about 200 feot near the headwators, Elevations rango from about 1,250
foet above moan sea lovel at the sourco te 617 feet in the channel at
the Benbrook Roscrvolr dam.

The Cloar Fork has on avorago slope of 12 feot por mile. The sbtream
chennel in the lower roaches is from 70 to 200 foet wide, averaging
about 100 foot, The borks are 11 to 23 foot high, with an average of
17 feet, Most of tho streams in this ares flow over limostone bedrock,
Stroam channels in the upper reachos avernze 50 foct wide with hanks
sbout 8 foet highs Tho stream beds in this cres are characterized by
aslternate bers of coarse sand and gravel and ponded pools,



Tho flood plein averazos 2,000 foet wido in tho lowor reaches and 1,000
feed wide in the uppcr reacheos,

Climato

Tomporatures for this area range from 11 degross bolow zore te 113
degroes abovo zaro, with & moan temporature of 4.1 dogroes Fohrenheit,
The average dates of the first ond last killing frosts are October 2l
and Morch 25, respoctivoly, an average growing soason of 233 dayss The
averago annual rainfall is 31,25 inches with the hcaviest procipitation
falling during the months of April, Mzy and Juno.

Water Resourcaes

Benbrook Resorvoir is the larzest body of surface water within the water-
shocde The Toxas and Pacific Railroad leke has been purchasod by tho City
of Weathorford, and water from this source now suppleoments water from
decp wolls for the city's supply. Thesc doep wells, oxtonding into tho
Trinity sand, are its main source of water. The present use of watar in
the watershod is principally for municipelitioes, livostock and domestic
purposes. Only a small amount is used for irrigation, but with soil
charncteristics suitable for irrigation oxisting on a large portion of
tho bottomlands, it is anticipated that thore will bo a demand for a
groater water supply in the future.

ECOMOMY OF THE WATEZRSHED

Agricultural Economy

The watorshod contains an cstimatod 762 farms with an avoragoe sizc of

214, acres. Tho West Cross Timbors in the uppor part of tho watorshed
wns formorly devoted to gonersl crop farming but has becn largely rotired
from cultivotion due te erosien and depletion of seoil fertility. It is
now used principally for livestock preduction.

The prineipal crops grown inoludo alfalfs, smell grains, corn and hay
crops in the Grand Preirie; and sorghums, corn, poanuts, castor beans and
somo truek crops in the Wost Cross Timbers Problem Arca in Scil Consorva-
tions Supplomentrl grazing is also obtnined from smell grein, vetch and
Johnsongrass. Production is still good on the level aroas and gontle
slopes but the neood is apparsnt for conservation crop rotations on all
cropland to increaso tho organic mattor contont and preoductivity of the
soil. Large arocs of tho Wost Cross Timbers are severely eroded and
should bo planted to permenont grass. In the Grand Prairio crop land

is confined lerzoly to the more zentle slopos.

Becsuse of thae froqueney of flocding in tho upmer portion of the water-
shed (West Cross Timbors), 20 percont of the flcod plain aroa formerly
used for high income crops such as corn or cotton is now meadow, pasture
or tdle lend. Ths lowsr {Grend Proirie) reach does not flood as froguont-
ly and the land use in the flood plain has remained unchanged,



Fifteon neighbor groups of landowners and opsrators, with membership
wholly or partially within the Clear Fork watershed, have been cooper-
ating with their local scil conservation districts in the application
and maintenance of land troatmont measures on their lands. It is
expcctad that when land troeatment practices have been aprlied and
maintained for as long as two or three yoears, ylolds in the watershed
will be increased approximately one-third.

Urban and Othor Influences

One incorporated town and seven small villagos in the watershed are
lergely dependont upon the agriculturel production of this areca.

Fifty-two miles of State and Federal highways, fifty milos of farm-to-
market roads, and three hundred and forty throe miles of county rocads
provide access to almost all parts of the watershed. However, flecds
froquently maeke many of thesc roads impassable and cause deley in getting
to market with perishable products.

Clear Fork watershed is served by two reilroads, The Gulf Colorado and
Santa Fo and the Texas and Pacific, with loading points at Weatherford
snd Aledos However, farmers dopend on private transportation to move
their products to markets in Woatherford and For® Worth.

FLOOD PROBLEMS ARD DAMAGES

Clear Fork ond its tributaries flood frequently and cause high annual
damegos. Flooding occcurs abeout 3 to , times a yeer in tho upper portion
of the watorshed and 1 to 2 timos a year in the lower recaches. This
difference in froquency of flooding is principally due to the size of
chennols in the uppor and lower portion of the waotershed. During the
20-yoar period 1923 to 1942, inclusivo, there ware 1} floods that covered
mors than one-half of the flood plain and 58 smaller floods. Thirty-eight
of the floods occurred in the months of April, May and June. Eleven
floods ocourred in Octobor and the romeining floods ocourred in the other
oight months of the year. Tho spring flocds ccused extonsive damages to
growing crops and severe damage was caused to maturo, unhervastoed oreps
by summer flcods.

The typos of flood damage encountercd in fthe wotorshed were: (1) damago
to orops and pasture; (2) deposition of sedimont in reservolirs, channols
end on velley lendsy (3) flood plein scour; (L) damage to roads, bridgos
and fences and loss of livestock, Other damages include late planting
of crcps, incrsased cost of cultivation caused by noxicus weeds, and the
plenting of lower incomo crops of shorter growing season duc to spring
floods, Mn estimctad_hl?_acra—foot of soediment is roaching tho lower
end of tho wetershed annually and being doposited in the Benbrook Rescr-
volr, :

LAND TREATMENT ACTIVITIES

The Clcar Fork watershod is served by threc Soil Conservatioen Sorvice
Weork Units which are assistine the Hood-Porker and Dalworth Seil Consor-
votion Districts. The work units havoe assistod farmers in preparing
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297 consorvation plans on 102,1L5 ncres. Apvroximately 25 poreent of
the planned practices have beon appliced.

FLOOD PREVENTION ACTIVITIES

The upper porticns of all stream channels aro badly clozzed with sediment
and have very little capacity for sterm runoff. These blocks causo flood
wator te breek cut of the chanmnel ond inundate portions of the bottomlonds
before the normal channel capacity is reeched. Land owners have made
attempts tc protect their bettomland ficlds freom floods by construeting
levoes, dikes and divorsions but since these individual cefforts were nct
coordinated much of tho cof fort was wasted. However, inundation of bottom-
lands by somo of the smaller floods has beon prevented by these strucfuros.

HYDRAULIC AND HYDROLOGIC INVESTIGATIONS

From a graph showing cumulative depecrtures from normal procipitation,
the rainfall series for tho pericd 1923 to 1942 was selcetod as most
regprosentative for tho watershed eren.

The design storm, under maximum runoff producing conditions, would proe-
duco 1430 inchos of runoff from the watershed. Runoff of this magnitude
is not oxpected to occur more frequently than once in 25 yoears, and this
vrlue was used in detormining minimum detention storage requirement.
From a study of the rainfell-runoff reletionships for this watershed and
the hydraulic characteristics of the stream channel it was found that o
rain of 1,58 inches, ¢couring within a ene-day period cnd producing

0.1 inches of runcff was tho minimum which would couse flcoding at the
smnllost channol seetirn. Such o rein would produce 1,050 c.f.s. at the
reforencoe cross-sections Thorofeoro, no rains of loss than this amount
wore considered for flecod rcuting purposes. The largest rain considered,
which occurred durin% the 20-ycar poricd, was one of 5,92 inches, which
produced 1,95 inches of runoff, Under prosert cenditions 8,408 acros of
tho flood plain above clevation 730, the flcod pool limit ef Benbrook
Rosorvoir, would be flocded by tho runeff from this sterm. No flood
plain acreage weculd lic within or above the pecls of the proposed flood-
water rotarding structures., With land troatment practices and measuros
applied to the land, 7,942 acres wculd be flecoded. With lend troatment
practicos and measuros cpplied to the land, 7,5L2 acres would bo flooded.
With lend troctment measurcs cpplied snd the propesed flocdwoter retard-
ing structures in oporation, only L,056 acres would be flooded as a
result of such a storm.

The channel capacity of Cloar Fork at Cross-Section No. 3 {tho referonce
ercss-soction) is 3,589 cubic feet per socond. This scetion is locatod
gbout L} miles southoast of Alodo end is at tho locatlen of the USGS

Stago Rocorder. The peck discharge at this print for a 5.92-inch rain
undor prosent cenditicns is 16,500 cubice feot per socond., This dischargo
would be roduced to 8,609 cubic fooet por socond by tho installaticn of
tho lend treatment moasures and propesod system of flcodwater retarding
structures, e roducticn of I8 pareont,
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SEDIMENTATION DAMAGES

Shoot and gully orosion are severe ovar much of the West Cross Timbers
arcas These arens cf sovore erosicn arc directly related to tho type

of farming practiced, cultivation of stoep slopes and improper land
treatmont. Overgrazing of rangs lends in seme of the Grand Prairie aren
also has causod cccelerated runoff and ercsien. Eresion en the cultivated
lend in the Grand Prairie is modorate since farmers grow smell grein and
other clese grewing crops which tend to reduce oresion, In the Cress
Timbers aree row crep forming has predominated and the azricultural veluo
of much of the cnce preductive land has been destreyed. Erosion has
decreasod in tho past ton yeors in parts of the West Cross Timbers area
due to abendonment of somo of the steeper and merc saverely eroded
cultiveted land. Naturel revezetetion has aided in reterding eresicn

on much of the idle and abandonod lands. A fow of the extensive gully
systems have boeccmeo partially stabilized in recent voars,

The principal sedimentation damages in tho watershed aro: (1) overbank
deprsition on vellay lsnds; (2) damege to roserveirsy (3) accessory
damazos; and (4) chennel filline, Other rolated damazes are (1) flocd
plain sceur; (2) channel enlergoment; and (3) impnired drainagze on valley
lands-

Overbonk Depcsition

The depesition of scndy sedimont on the fleood plains of Clear Fork and
its tributary valleys has caused an estimated average damage of .

10 to 20 percent to 122,2 acres annunlly, These averate annual damagos
are estimated in terms of decrossed field crep and pasture grass vyields,
based on o roconnaissance valley sodimentation survey which shows that
6,110 acros of valley land in Clear Fork and its tributaries hevo boon
demaged by modern sedimont deposits ovor a pericd of 50 years (estimctoed
period of acceloracted orésion), These deposits range in thicknoss frem
a few inchaes to about 6 foot, avorcging ebout two feot, Deposition cn
the main stom ¢f Clear Fork and the upper tributarics is valley-wide
dewn te about Dicoy schocl and torminatos clese te Alede, Dopesits are
valloy-wide zleng the upper raaches ef Willew Crock, then narrowing
down somewhat on Scuth Fork and extending ir a decreasing width boelow
Ue S Highway 377.

Reserveir Damages

Under prosont wetorshed conditions it is estimated that Benbrook Reservoir
will reccive sediment sccumulaticns at an average annual rate of 1.0 acre-
foot per square mile of the Cloer Fork drainage area, or L17 acre-fect,
The Mast Creas Timbers areca (117 square miles) is sxpected to contribute
opproximately 1,5 mere-foet annually psr square mile of drainage ares,

and tho Grand Prairie (300 squars miles) appreximately 0.8 acre-foot
ennuclly per square mile of dreinaze arem, Those estimates are based

on the detniled sodimentation surveys cf Lake Dnllas and T & P Rosoervoir
(Weathorford) made in 1938, with adjustments for land usc, ernsien con-
ditirns, and sizo of watershed. For cnleulating benefits from the
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flecodwator retarding structures, it wos estinmcted that land treatment
measuros weuld reduce the present sediment preduction rates an averngo
of %6 porcont, or an asnnual roduction of 149 mere~foet. The 33 propesod
fleedwater rotarding structures weuld reduce the annual sediment contri-
bution to Bonbrook Reservoir an additicnel €0 acre~feet. Thus the lend
treatment moasures plus tho propesed fleocdwater retontion structuros
would reduce the annual sediment accumulation in Benbreock Reserveir by
208 acre-feot, or an average reductien of 50 percent,

The present annual sedimentation damages to Bznbroek Reservoir are
ostimated to be 31$,753. Annual benofits due to reduced sedimentaticn
are ostimated to bo 37,058 from land troatment ond 32,8L2 from floodwater
retarding structures, cr = combined annual benefit of %$,200, Theso
estimates are based on a replecement coest of 3L47.37 per acre-feot of
sterago capacity, which is equivalont to the cost of 312,250,500 for
Benbrock Resorvoir as estimated by tho Corps of Ensgineers in 1951,

The only other roservoir cf consequence in tho wotershed is the T & P
Roserveir, It is estimated that under present conditions the average
annual sodimentati on demage te the reservoir is 33,390, The application
of "land trectment measures to the watorshed lands is expected %o reduco
tho present sedimentation rate approximatoly LO percent. This would
rosult in an avorage annuel benefit of 31,356 to the rescrveir. These
estimates are based on the deteilod sedimentation survey of the T & P
Roservoir made by the Scil Censervaticon Service in 1938, The measured
average onnual sediment accumulation in the ressrveir is 0.8 acro-fect
per squore mile, Ne floodwster retarding structures cre planncd in the
T & P Reserveir wotershed, therefore, nec benefits from structures wculd
be ebtoined,

Accessory Damncges

The doposition cf sodiment on field creps and pasture grasses is causing
some damage in the upper roachos cof the Clear Ferk drrinage system. The
damegos ronge frem moderate, cnused by the depositien of cearse sondy
sodiment which nct only .affocts growing plants but has some effect on
suscoeding crops, to miner damazo onused by the dopesiticen of fino sodiment
(silt end clay), Tho mcdsratc damazes arc included with overbank deposi-
tien and the mincr domages are included with floedwator domages.

Chennel Filling

The depesiticn cf sediment in the stream channel is cousing considerablo
damnze in the Clear Fork drroinage systems Chamnnel filling is occurring
at o rother rapid rote in the uppor part of the floed plain whers reduc-
tisns up te 75 porcent of the orizinal channel capneity were ohsarvoed,
The rate of filling decreases dewnstroam, and practicelly nc channol
filling is occurring in the lowor roaches of the main stom of tho Cloar
Forkt, Bodloads cf sandy sedimsnt, however, are carried the full lenzth

&of tho channol deownatream t¢ tho head of Bembrock Reservoir.

Channeol deposits cemprise only a smzll volume of the total modorn depesits,
but thoy have boen of major impertance in cousing {ncronsad cverbank
floeding,




Sedimcent OQutput Ratos

The prosont gediment output rotes for the watorshod ronge from 0.5 teo
1,0 nero-feot ennually per square mile of draincge aroa in the Grond
Prairie area, and 0.8 tc 2.0 ncro-feet srnually por squaro mile cof
drainage aroa in the West Cross Timbers. Those ostimated ratos cro for
watorsheds with dreinago arecs of 140 te 7.0 squaro miles. Scmo of tho
smell tributery wotershoads {50 to 200 ccres) hove average annunl oubpub
rotoas up te 5.0 acre-fect por square mile of draingge nren in the West
Cross Timbers arone. Theso rotes aro based on tho detoiled sedimontntien
surveys cf Leko Dolles rnd the T & P Resorveir, made in 1938 by the Soil
Censorvotion Sorvico. The meoasured sediment output rates fer thoso
surveys were l.1 acro-feect cnnually poer squere mile for Leke Dollas ond
0.8 for tho T & P Rosorvolr,

In cdditieon to tho above data 11 detniled upland site studies wore mndo
tc ostimnte tho sodiment output rates for individual floodwater reton-
tien sbructuros,

The prodicted sedimentation rote for each of the fleodwoter retarding
structuros was cdjustod fer: (1) presont ercsion rates, land use and
vorotative cover of the wrntorshed londss {2) size ond shapo of the
wetorshod, and (2) the locetion of high sodiment preducticn arees,
espociclly in the West Crocss Timbers, with roference o the structure
sites. The sourcocs of the sedimont carried by theo stroams of Clear

Fork drainsge systom, or measured as depesitod motericl in reserveirs,
cro as varied gs the types of ereosion in tho wotershed. However, the
rolativo amcunt ¢f sodimoent derived frem tho vericus scurces becomos
oxtromoly impertont in the ovaluation of the offects of lond treatmont
upon sodiment production of the wntorshed. Based on the 11 detailed
upland watershed studies and rocomnaissance investigeticns in tho remain-
dor of the watershed, it is estimated that tho relative sedimont sources
c¢f tho watoershed are cos follews:

Problem Arca : . Estimatod Sources of Sedinmant {Percent)
Arca : Shoot :  Gully :Stroambank:¥Flced Plelin
: Sqe Miy ¢ Brosicn : Erosien ¢ Erosien @ Scrur

Grend Prairie 200 80 12 5 2
Wost Cross Timbers 117 55 35 7 5

Wolghtod Aveorope
fer Watershed L17 73 19 6 2

Scdimont depositien in floodwoter reterding structure peols with drainago
arcas of loss than 1.0 squore mile is estinated te be about two-thirds of
the gress crosicn, For drainage aroas of 1.0 te 5.0 square miles the
guantity is estinmoted to be cne~half ef the gress orosicn, ond for drailnoge
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areas of 5,0 te 10,0 square miles the amount rof sediment dopresited in
tho structurc pcels is estimated tec be cno~third of the gross eresinn,

Lend trectment mersures rpplied to the wetershed lands cre oxpected to
reduce the sedimont cutput rate Lo te 70 porecent fer draoinaze aross of
1.0 to 5.0 squere miles, The reduction in sodiment cutput rates for
tho lerger drainage srees (5,0 to 20,0 square milos) will range from
20 to 50 percent.

OTHER RELATED FLOOD FPLAIN DAMAGES

Flood Plain Scour

Demage frem floed plein scour is mederate in the Closr Fork watershod,
Secur channols cecupy approximately 310 acres cof tho flood plain area
but mest of them are wido, flat-bottomed channels thot ¢cn beo ercssed

by farm implewmonts., During cverbenk floods areas cro scourod to Plow
depth, resulting in ¢ less of preductien capacity of 25 te 75 porcont,
Flcod plain scour has coused estimeted demego of 25 porcent te 2.2 neros
of ercplend and 1.9 acros of pasture; 50 porcent damage te 1.5 acros of
croplend and 3,8 acros cof pasture; cnd 75 percont drmage te .6 acros

of cultivated lend and 3,8 acres of pasture cnnuelly,

The seour chomnels are rather unifermly distributed threuthout the flnod
Plain aroa, In tho lowor portion of the wetorshed flood plain scour
dameges are typical of those feund in valloys of the Grand Preirie., 1In
valleys of the West Cross Timbers, however, many of the sccur chennels
are in arcas of dopesitien bohingd natural levees,

Channol Enlargement

Stream bank orosien and chamnel ontrenchment eare of minor impertanco

in tho Clear Fork watorshod, Threughcut the flocd plein aren benk
orosicn ceecurs for shert secticns (50-100 feoet), with only slisht
shifting in the sherp bends cf the channel, There is an average annual
less of enly 0,51 acres due tc channol enlargement, Stocble channols
with bank ecutercps pertly ef limestenes and shales core typical in tho
Grand Prairioc, while sodiment dopesition in the channels of the Wogh
Cress Timbers causos decrocses in channel capneity cnd considerrble
instobility ef the channels,

Inpaired Draincro cn Valloy Lands

Peer dreinagoe conditicns, as o result of excessive sedimoataticn and
scour channols, hes affected cppreximately 12 acres annually in tho
Clear Frrk watershed, Tho annusl drmaze is abeout 50 percent in terms
of reduced pasture grass yields, The prndege cr swanping is due mestly
tc {1) the formotion of netural levees which chstruct tho free flow of
side slopc runcff and flecdwater inte ths mein chonnels, and (2) the
dep-sition of sediment plugs in the sceur channols,
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FLOGD DAMAGES

Flood damage information on 70 percent of the flood plain araea of Clear
Fork and its major tributaries was obtained from landowners or operators,
Information obtained included floocd plain land use, yields of major
crops, property damage which would result from a major flood, and general
flood problems. The monetary value of the damage to flood plain lands
by sediment deposition and scour was determined on the basis of present
prices and costse

The schedules obtained were analyzed to determine the land use in the
flood plain, crop yields, other agricultural damaze and crop and pasture
damag 2, '

Information concerning flood damages tc roads and bridgos was obtained
from the county commissioners, No damage %o railroads was reportsd
during the 20~year periocd investigated,

Damage rates, as dotermined from tho damasc survey wore adjustod on the
basis of relationships found from surveys of other watsrsheds of similar
characteristics to indicate damage rates to be expocted from floods of
various sizes and scasons. These ratos were multiplied by acreages
flooded by cach flood, by size and sseson, in the ovaluation sories and
damagzoes adjusted for recurrence of flooding.

For the purpose of this study the flood plain on the mein stem of Clear
Fork of tho Trinity was dividod into four roaches and ono major tributary
{South Fork) was divided into two reaches, Differences in land use,
yields, channel charactoristics and frequency of flooding made separate
ovaluations of the soveral rcaches advisable.

Tho total direct floodwater and sediment damages are cstimatod %o average
3181,74&1 under prosent conditions of which 38,728 (117 porcent) is crop
and pasturc damego, In addition, thero aro numorous indiroct damargos
such as the intoerruption of travel, losses susteined by tho doalers and
industries dopondent upon agricultural products, loss of porishable farm
products, deprociation in property values in the flocded aroas, and
similar items, Ton porcont of tho total annual wvalue of the direct
demazos or 318,176, was takoen as a conservativc ovaluation of the annual
indircet flood damaze. The avorago armual monstary flood damasos are
summarized in Table 1,

THE REMEDIAL PROGRAM AND ITS EVALUATION

Land Trestmont loasuros Neodod

Tho major land trcatmont measuros ncoeded are: (1) seeding or sodding
20,917 acros of rotired lunds (2) socdine critical orosion arcas totaling
L55 acres; (3) sodding 319 acres of farm waterways and (/i) constructing
€71 miles of field torraces,

Othor lond treatmont moasurses nocded include 3% miles of diversion
terraces, 209 farm ponds, 57 miles of fencinz to enclose newly resecded
and rotirod aroas, 'consorvation rotations on 75,A0 acros of cultivatod
land, and improvod menegument practices on 128,792 acros of pasturc,
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The ostimatod cost of installing those measuros is 31,014,590 and the
annual cost, includinz installation and maintenance, is 3h8,14%,

Structures and Mcasures for Runoff and Waterflow Rotardstion

The runoff and waterflow rotardation structures and measurcs neodod to
provido proteetion for flood plain lands, hizhways, and roads aro listed
in Table 2, itoms 1 - L, inclusive.

A systom of 33 floodwater retarding structures and one drop inlot is
needed to proteot the flood plains along Clear Fork and its tributarioes
above Elov. 730, tho flood pool elevation of Benbrook Rosorveir,

The proposed structures and their drainago aroas cro shown on tho work
plan mep. Deseriptive information concerning the structures is summarizod
in Table 5. This system of flood water retarding structures will dotain
runoff from 31.9 porcent of tho watershed areoa above the Aledo gago.

Sufficient dotontion storage can he provided at all sites to make possible
tho use of vegotated emergoncy spillways.

Tho one drop inlet listed in Table 2 is neceded to control a critienl
erosion aroa, and theroby protoct tho flood water rotarding structure
Fo., 30 from excessive sedimentation.

4s indicatod in Table 2, it will be nocoessary to roloceto or raise short
portions of several county roads which ceress the poel zaroas of scvoral
floodwrntor retarding structures,

Tho estimated cost of instclling these messurcs is 31,165,675 and tho
annual cost, including installation and mointenance, is 3hh, 67h.

Foundation and Borrow Investigations

In order to hove data on foundation conditions and suitability of con-
struction matoriels at the proposed 33 flecodwoter retarding structuro
sitos in advence of detniled dosign and the procuring of cascments,
somi-detailod invostigations woro made on 11 of tho structurs sites.

BEffoct of Those Moasures cn Damages and Benefits

The combinod program of land treatment and run-off ond waterflow roterda-
tion mecsuros desecribod shove would prevont demage on the floed plain
aroa ehove elevetion 730, from 3h of the 72 floods in the 20-yoar period
of study. Elovation 730 is tho maximum expected high wator lovel of
Benbrock Resorvoir. Tho remeining 38 fleods would inundate an averago
of 2,139 nereos snnucally, compared to present average annuel flooding

of 8,B67 meres. Bocouso the Texas and Peeific Railroad and the town

of Woathorford lios slont the mzojor Towm Creck tributery, further reduc-
tion of fleeding on Scuth Fork of the Cleasr Fork would be impractical.
Further reduction of tho moin stom would neecessitzte much greater
contrel, cbtaincd only by censtrnetine largo reserveirs which would
inundate extensivy areas of voluable flood plain,
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Most of the expectad reduction in snnual flood damagzes would be effected
by the proposed system of floodwater retarding structures, The annual
value of the reduetion in flood damages attributable te these structures
is astimated to be %98,B7% out of a total of $14G,780 from all measures,
as shown in Table 1,

Owners and operators of flood plain lands in the watershed ahove eleva-
tion 730 say that if flood protection is provided they will intensify
their use of these lands by growing high value crops such as truck
crops, oats and castor beans on areas that are now idle or used for
pasture because of the frequency of fleooding, It is estimated that this
more intensive use would increase the net income of the land by 34,571
annually after all expenses are deducted,

The total waterflow retardation benefits, including both the reductions

in flood damages and the benecfits from more intensive use of flood plain
lands are estimated to be $15h,551. In addition it is estimated that

the conservation benefits to land owners and operators in the upland

areas of the watershed from tho application of land treatment measures
would be 3360,528 annually, Tho total expected benefits from the combined
program would amount to 3514,879 annually.

The expected land treatment benefits were determined by estimating the
increased net income to the land which would result from the application
of the neesdod land troatmont practicos and measurss. It was nssumod
that the proportion of the cropland used for each crop would chango vory
little although tho totel area used for cropland would be decroased by
tho rotiromont of idle cropland and steep, severely croded areas %o
pasture or meadow, Likowise, it was assumod that thero weuld be ne
change in the percontases of cattle usod for dairying and beef production,
although the total number of cattle would incrcuso materially becauso of
the increased acrcuge of moadow and pesture and the greater per-acro hay
production and pasture carryins capacity to tho oxpected from the appli-
cation of land treatment measuros.

The loss in valuo of production in the proposed structure sites is osti-
mated at 33,1329 snnually, This is less thon the estimated 33,216 onnual
cost for sito nccquisition in Table 3.

The cstimatod increaso in annusl net income is 3318,4%0 from crops and
442,098 from pasturo, or a total of %%£0,%8 annuclly.

Comparison of Costs and Benofits

The ratio of tho avorage annual boenefit from the floodwater retuarding
structurcs, 3103401, %o the averazo snnual cost of those structuros and
appurtoncnt structuros for their proteetion, 344,674, is 2.32:1. Tho
ratio of the sveramo annual benefit, 3L411,L435, from the land treatment
messuros and practices to thoir nverago annual cost, 38,169, is 8.%h:1.
The ratio of tho totucl avorage annual bonefit, 1514,879, to totel avorasze
annual cost, 792,843%, is 5,55:1,
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ANVU AL, MATNTENANCE

Tho ostimatod total annusl maintonsnee cost of tho land treatment prac-
tlcos ond spocial flood provontion moasures is 116,805, Distribution
of this cost is shown in Table 2.

It is coxpooted that the run-off and watorflow roetordation structuros

will be maintained by the benofited farmers under an agroomant with the
soil conservation districts which carry the responsibility of maintcnsance.
Group orgonizaticns of farmers will bo devolopad for this purpose. The
land treatment measuras on privately ownod lands will be meintainod by
tho landownors or operators of tho farms on which tho measures are in-
stallod.
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Table 2
Cost Estimate Table
CLEAR FORK WATERSYED
q Cost
To To State
Structure or Msasure Unit No. To Federal County Total
Farmer Funds or Other

Flood Retarding Struc- '

tures Bach 33 3 370 31,069,427 % 2,300 31,072,097
Site Acquisition Total 80,405 80,405
Drop Inlets Fach 1 L,715 h;715
Relocating Roads Mile e 8,L58 8,458

Sub~Total 380,775 %1,074,1L2  %10,758 31,165,675
_ % )

Seeding Retired Areas  Acrs 20,917 355,580 +559,58Y
Seeding Critical Areas Acre 1455 22,750 22,750
Farm Waterways Aera 219 31,900 31,900
Terracing Mile 671 83,875 83,875
Farm Diversions Mile 83 12,4450~ 12,450
Farm Ponds Each 205 9% ,250 % ,250
Farm Fencing Mile 57 22,800~ 22,800
Farm & Ranch Planning .

& Application Aere 261,98, 1392,976 302,976

Sub~Total Béer, bl 33,976 1,014,590

Totals §702,389 31,467,118 310,758 12,180,265
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Table %
Annual Costs
CLEAR FORK WATERSHED

Annual Cost

Structure or Measurs Unit Vo, Installation Maintenance Total
Floodwater Retardine // :
Structures Each 33 437,80l 13,300 341,10k
Site Acquisition Total 3,214 3,216
Drop Inlets Each 1 118 25 113
Relocating Roads Mile e 211 211
Sub=Total 3h1, 39 33,325 3hh, 67
Seoding Retired Areas Acre 20,917 1,22} 14,22l
Seeding Critical Arsas Acre Lss 910 910
Farm Waterways Acre 319 1,276 1,276 2,552
Terracing Mile 671 5’655 £,710 10,065
Farm Diversions Mile 83 64, 1,142
Farm Ponds Each 205 3,690 3,690 7,580
Farm Fencing Mile 57 912 1,140 2,05
Farm and Rench Planning '
and Application Acre 261,98L 9,824 9,82l
Sub-Total 33l €89 %13,4,80 %L8,169
Total 376,038 816, 805 392,843
Amual Maintensnce =~ Farmer 316,805
Mnual Maintenance - Government 0
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Table U4
Comparison of Averape Annual Benefit and Coat
of the Recommended Program
CLEAR FORK WATERSHED
(198 Prices)
- " Benefl® per
Source of Benefit Mnnual Cost Annual Benefit Dollar
of Cost
(Dollarg) {Dollars) “{Dollars)
Detention Storage Program My, 67l 103, 4L 2.%2
Land Treetment Program:
Reduction of Flood
Demages KAXX 50,907 XXXK
Land Treatment XXXX 360,528 KXKX
TOT AL 48,169 L11,435 8,54

411 Sources 92,843 54,879
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APPEYDIY

Foundation and Borrow Investigations

In order to have data on foundation conditions and suitability of construc-
tion materials at the proposed 33 floodwater retarding structures well in
advance of detailed design and the procuring of easeuments, semi -dstailed
investizations were made on 11 typical structure sites.

Most of the sites are located within ftwo specific physiozraphio areas;

(1) The West Cross Timbers and (2) the Grand Prairie. Several, however,
are located in areas which are a combination of the above arocas. For
example, st some sites, the surface formations are of the Grand Prairie,
but the valley deposits arc derived from West Cross Timbers formations
which coccupy the greater part of the watershed. At other sites the stream
channels have cut down through the Grand Prairie into thc sandy Trinity
formations of the West Cross Timbers.

In general, construction in the West Cross Timbers area will be more dife
ficult becauso of tho high proportion of sand in both alluvium and underlying
bedrock. In areas predominently within the Grand Prairie the limostons and
shale outcrops should be favorable for installing the structurc abutmonts

and tho alluvium, containing good proportions of sand, silt and clay, should
ba favorable for construction of both corcs and fills.

A sufficicnt number of sites in ecach of tho threo areoes wore investigated
to show the ropresentative conditions.

Borings worc madc along tho center lino of the proposed sito, in the borrow
area, and in the spillway section, Tontativo rocommendations as to scleotion
of materials, excavation for foundation, ctc. were mado in a short report

for cach site investizatod. Samplos, both disturbed and undi sturboed, were
taken at cach site and sent to tho 8C38 soil tosting lgboratory at Albuquerquo,
New Moxico, for analysis. Final conclusions and rocommendations regarding
construction will be made when theso analyses arc rocoived.

The following tablo summarizos information gathored during the foundation
investigation of the 11 representative sites in tho watorshed. A bricf
roconnal ssancce was made of the othor 22 sites to dotermine their characteris-—
tics in relation to those investizated.
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APPENDIX
Table 24
Cost Estimate Table
CLEAR TORK WATERSHED
(Main Stem & Tributaries above Aledo Gauge)

s cosT

t : tTo Stete @

H :To Federal: County
Structure or Measure Unit Yo, ¢ To Farmer: Funds sor Othar : Total

Floodwaber Retarding,

41,069,427 % 2,300 731,072,097

Structures Each 33 3 370
Site Acquisition Total 80,405 80,405
Drop Inlets Each 1 4,715 ' L,715
Rolocating Roaods Mile e 8,458 8,158
Sub=Total: 380,775  %1,074,142 310,758 31,165,675
Soeding Retired Arens Acre 13,529 229,993 229,993
Soeding Critical Areas  Acro Lss 22,7% 22,750
Farm Waterways Acre 171 17,100 17,100
Terracing Mile 187 23,375 23,375
Farm Diversions Mile e 9,300 9,300
Farm Ponds Each 104 L4,800 L6, 800
Farm Foncing Milo 12 L,800 L, 800
Farm & Ranch Planning
& Application Aere 153,4)3 230,L65 230,465
Sub-Total $25), 118 %230,165 558,583
TOT AL "*}-15!4.893 %1,50&,60? ?101758 31 17501258
L‘?‘:ﬂ T ——




APPEMDIX

Table 2B
Cost Estimate Table
CLEAR FORK WATERSHED
(Main Stom & Tributaries Below Aledo Gauge)

-

CoSt

+To Foderal

:To State
: County

Structuro or Mecasure Unit Mo. : To Farmer: Funds +0Or Othor : Tobal
Sceding Rotirsed Arcas Acre 7,388 3125,996 3125,596
Seeding Critical Areas Acre 0 0 0
Farm Watorways Acro 148 1L, 800 14,800
Torracing Mile Lhal, 40,500 €0,500
Farm Diversions Mile 21 2,150 3,150
Farm Ponds Each 101 45,450 45,450
Farm Fencing Mile L5 18,000 18,000
Farm & Ranch Planning

& Application Acre 108,341 3162,511 162,511
TOT ALY "2 67,496 1162,511 130,007
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APPEVDIX
Table 34
. innual Costs
CLEAR FORK WATERSHED
(Main Stem and Tributaries above Aledo Gauge)
f Annucl Cost
Structure or Moasure Unit Yo :Installation: Maintenance : Total
Floodwater Reharding '

Structures Each 33 337,804 %3 ,300 3h1,104
Site Acquisition Total 3,216 3,216
Drov Inlets Eech 1 118 25 143
Ralocating Roads Mile 9 211 211

Sub~Total 31, 2h9 13,325 SLly, 67h
Seoding Retirod Areas Acre 13,529 9,200 g,200
Seeding Critical Areas Acre L55 910 910
Farm Waterways Aero 171 sl &8ly 1,368
Terracing Milo 187 935 1,870 2,805
Farm Diversions Milo L 372 1196 B€8
Farm Ponds Eaoh 10k 1,872 1,872 3,70k
Farm Fencing Mile 12 192 2l0 L32
Farm & Ranch Flanning
& Application Acro 153,643 5,78 5,762
Sub-Total 319,927 35,142 425,089

Totals _ 361,276 18,487 369,763




17
APPENTDIX
Tablo 3B
Annunl Costs
CLEAR FORK “TTATERSHED
(Mzin Stem and Iributaries below Alcdo Gauze)
H Mnual Cost
Structurc or Msasure Unit o tInstallation:Maintenance: Total
Socding Retired Aroas Acre 7,388 4 5,024 3 5,024
Sceding Critical Areas Acro 0 0 0
Farm Watorways Acre 148 592 3 52 1,18
Terracing Mile Lal, 2,420 L,8,0 7,260
Farm Diversions Mile 21 124 168 294
Farm Ponds Each 101 1,818 1,818 3,636
Ferm Foneing Mile L5 720 900 1,620
Farm and Hanch Planning '
and Application Acros 108,341 L,06 4,06
Totals 81,76 38,318 23,080
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