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WORK PLAN
MUKEWATER CREEK WATERSHED
Of the Middle Ceclorado River Watershed
Brown and Cckeman Counties, Texas
(Revised March 1955)

INTRODUCTION

Authority

The Mukewater Creek Watershed Flood Prevention Project will be carried
out under the authority of the Soil Conservation Act of 1935 (Public Law
No. 46, 74th Congress) and the Flood Control Acts of June 22, 1936 (Public
Law No. 738, 74th Congress) and December 22, 1944 (Public Law No. 534,
+78th Congress, 2nd Session).

Purpose and Scope of Plan

The Brown-Mills and Central Colorado Soil Conservation Districts provide,
through their programs and work plans, for the application of a complete
program of soll and water conservation and improved plant management within
this watershed. Their objectives are to use each acre of agricultural land
in accordance with its capabilities for sustained agricultural production
and to treat each acre in accordance with its needs for protection and
Improvement. Such a program, when applied and maintained on all the land
within the watershed, will be effective in reducing runoff from small rains
and will effect some reduction in peak flows from excessive rains. An
effective land treatment program will have a major effect in the reduction
of upland ercsion rates which in turn will reduce sediment damages. Addi-
tional measures primarily for flood prevention are needed to complete the
soil, plant and water conservatiocn program in the watershed and provide
effective reductions in flood damage.

The purpose of this plan is (1) to state specifically the land treatment
and structural practices and measures which are designed primarily for,
or contribute directly to flood prevention, and (2) to specify how, when,
and by whom they will be carried out to achieve the maximum practicable
reduction of ercsion, floodwater and sediment damages. Measures and
practices planned herein constitute an integral part of the complete
scil, plant and water conservation program in this watershed and have
been incorporated in the work plan of each of the scil conservation

districts concerned.

Application of this mutually developed plan will provide the protection
to and improvement of land and water resources which can be undertaken
at this time with the combined facilities of local interests and State
and Federal agencies. Upon completion and continued maintenance of the
measures set forth in this plan a material contribution will be made

toward increasing agricultural production to the maximum level consist-
ent with the capability of the land, thereby promoting the welfare of



the landowners and operators, the community, the State and the Nation. The
watershed lies in Coleman and Brown Counties and contains 87,500 acres.

SUMMARY OF PLAN

This plan is & combination of land treatwment practices and flood prevention
measures which contribute directly to soil, plant and water conservation
and flood prevention. The works of improvement as listed in Table 1 are
planned to be installed at an estimated total cost of $1,881,221, of
which $958,960 is to be borne by State and local interests and $922,261
by the Federal Government. These estimates &re inclusive of the current
costs of local interests and State agencies under the going National
programs pertaining to the objectives of this plan. The Brown-Mills and
Central Colorado 8o0il Conservation Pistricts, under provisions of State
enabling legislation, have agreed to gssume responsibility for over-all
periodic inspection and maintenance of the floodwater retarding structures
and stream channel improvement at an estimated annual cost of §5,607.

The landowners and operators will maintain the land treatment measures at
an estimated annual cost of $37,320 in accordance with provisions of the
farmer-district cooperative agreements.

Comparisons of Benefit and Cost

When the works of improvement are applied and operating at full effective-
ness the ratio of the estimated average annual benefit (284,376} to the
estimated average annual value of the cost ($122,463) is 2.32 to 1, based
on current price levels for costs and long-term prices for bemefits.

DESCRIPTION OF THE WATERSHED

Mukewater Creek rises near the towns of Santa Anna in Coleman County and
Bangs in Brown County, Texas, and flows in a southeasterly dirsction
through Coleman County for a distance of approximately 30 stream miles,
entering the gorge section of Bome Creek approximately two ani one-half
miles above its confluence with the Colorado River. The watarshed al=zo
includes those short drains flowing into Home Creek and the Colurado
River east of Mukewater Creek to a point approximately 0.8 mils dJdrmn-
stream from the Coleman-Brown County line as shown on the work play

map. The watershed ranges from 4 to 10 wmiles in width.

The major tributaries are Hay Creek and East Mukewater Cree”.
Three towns lie partially or wholly within the watershed. Santa Anna

lies in the northwest corner, Bangs in the northeast corner and Trickham
in the south central part of the wstershed. There are 12] miles of roads,

of which 46 miles are hard-surfaced.

The watershed has an area of approximately 137 square miles, or



87,500 acres, of which 86,625 acres are in farms and ranches. The remaining
875 acres are in urban areas, roads and miscellaneocus uses. The bottom land
area includes 8,980 acres of flood plain and 511 acres of stream channels.
All of the flood plain was covered by the September, 1936 flood.

Soils and Land Use

There are four problem areas in soil conservation in the Mukewater Creek
watershed. Reddish Prairie soils occupy the northern and southwestern
portion nf the watershed and comprise 60 percent of the drainage area.
The Edwarde Flateau area, representing 25 percent of the watershed, is
found iz the southsaztern one-fourth of the watershed, The Rolling Red
Plains soils, which extend in a narrow band from the northweat through
the center to the eastern portion, include 10 percent of the watershed,
The remaining fiva percent is a small aresa of Cross Timbers soils in the
extreme northeastern portion of the watershed. .Approximately 80 percent
of the 30ils in the watershed are classified as fine textured and 20 per-

cent ag medium textured.

The uplands &and bottom lands are not intensively utilized, only about
36 percent of gach being in cultivation. Of the 86,625 acres of agricul-
tural land, 31,245 acres are cultivated and 51,989 acres are in range and

pasture.

Total land use in the watershed is estimated as follows:

1andﬂUse Acres Percent of the Watershed
Cultivated 31,245 35.7
Range lLand 51,98% 59.4
Formerly Cultivated 2,880 3.3
Stream Channels 511 0.6
Miscellanecus 1/ 875 1.0

Total 87,500 100.0

Geology and Topography

Rocks of two geologic ages, Pennaylvanian and Lower Cretaceous, occur in
the watershed. The strike of these formations extends generally parailel
to the main drainage or approximately north-south except for a few

Lower Cratacaous formatione in the extreme northern end which extend east
and west. These Cretaceous formations are in the vicinity of Santa Anna.
They are flat-topped buttes with cliff-like margins which are outliers of
the Edwards Plateau and are capped with hard crystalline limestone of the
Glen Rose formation. Extending north and south in the central region and
along the western boundary of the watershed is an ares underlain by shales
and limestone and sandstone of Permsylvanian Age. Outcrops of the Canyon

1/ Includes roads, highways, railroad rights-of-way and urban areas.



group of Pennsylvanian Age occur along the eastern watershed divide and
near the month of ths creek.

The topography of the watershed ranges from steeply rolling along the
western boundary to gently rolling in the central section and along the

eastern boundary.

Construction problems should not be serious in this watershed. Probably
the greatest problem will be the excavation of sandstone and limestone
from emergency splllways. Dams can be designed so as to use most of this
rock material as toe drains and rock blanﬁets for the embankments.

Climate

The climate is temperate and dry sub-humid. It is characterized by erratic
distribution of rainfall, moderate winters with sudden changes in tempera-
ture, long sumeers and a comparatively dry atmosphere. The average minimum
temperature for January is 34.4 degrees Fahrenheit, and the &verage maximum
temperature for August is 95.7 degrees. However, temperatures as low &s
8ix degrees below sero and as high as 114 degrees above zero have been
recorded. The average frost-frae period of 232 days extends from March 25
to November 12, although frost has occurred as late as April 30 and as

early as 0ctober_19.

The average annual precipitation in the watershed is approximately 26
inches, but the apmual rainfall has varied from 13 to 45 inches. Precipi-
tation is generally greatest during the spring and fall months and least
during the winter months. An insignificant portion of the precipitation
occurs a4s snow. The seasonal distribution of rainfall is generally
favorable for farming since approximately 72 percent of the rainfall occurs

during the frost~-free period.

Water Resources

Surface runoff is the principal source of water for all purposes due to
the low water table and poor quality of underground water. Farm ponds
supply a majority of the farmers and ranchers with water for domestic
and livestock uses., Mukewater and Hay Creeks have several water holes
which supply stock water throughout the majJor part of the year. Soms
well water is used for domestic purposes in the West Cross Timbers area.

ECONOMY OF THE WATERSHED

Agricultural Economy

The Mukewater Creek watershed is divided into two general types of farm-
ing areas. The Edwards Platesu and the rougher areas of the Reddish
Prairies and Bolling Red Plains are used principally as range. Supple-
mental feed crops are grown in the valleys. The smoother areas of the




Rolling Red Plains and Reddish Prairies &re used for gemeral farming,
supplemented by some livestock.

The major crops grown within the watershed are cotton, sorghum, small
grain, corn and soil improving legumes such as vetch and Madrid sweet-
clovar. The practice of growing legumes for soil improvement has
increasad in recent years.

The Mukewater Creek watershed is served by two Soil Conservation Service
work units located at Coleman and Brownwood, assisting the Central Colorado
and Brown-Mills Boil Conservation Districts. As of the time of this
revision these work units have assisted farmers and ranchers in preparing
120 conservation plans on 40,012 acres. More than 40 percent of the major
plammed land treatment measures have been applied. Where recommended

land treatmant measures have been applied and maintained for several

yenrs, crop yields have increased 10 to 25 percent.

Urban and Other Influences

01l production in the northern end of the watershed and the silica

mine at Santa Anna provide payroll income as well as income from the rew
products. Cottom gins and small grain elevators located at Bangs and
Sants Anna provide good local markets. The town >f Trickham is amall and
exerts little influence on the economy of the watarshed.

The 121 miles of roads provide the rural area with adequate outlets to
markets in dry weather. However, many areas are inaccessible during
prolonged periods of precipitation. The Santa Fe Eailroad provides ample
loading facilities for carload lot shipments with switches at Bangs and

Santa Anna, Texas.
FLOOD PROBLEMS ANL DAMAGES

Mukewater Creek has flooded frequently and cavsed high amnual dawage.
During the 20-year period from 1923 to 1942 inclusive, there were 38
floods which covered more than one-half of the flood plain. Twenty-
three of the larger floods occurred during the sprimg monmths, cawsing
great damage to growing cropa. Pourteen floods occurred ir the zarly
fall prior to harvest and too late for planting «f alternate crops,
thus destroying the entire crop for that seasom, except for small graiv

already harvested.
FLOOD CONTROL ACTIVITIES

Some farmers in the watershed have attempted to alleviate the flood
damage problem by constructing low levees or dikes on both sides of
small watercourses which pass through their farms. These dikes are
adequate only during storms which produce very low runoff. '

LAND TREATMENT ACTIVITIES

During the past eight years 13 farmer-neighborhood groups, with



membership wholly or partially within the Mukewater Creek watershed, have
been assisted by the Browm-Mills and Central Colorado Soil Comservation
Districts i{n the application and maintenance of land treatment practices
on their land. Approximately 46 percent of the agricultural land in the
watershed is now under cooperative agreement with these soll conservation
districts. The rate of application of plenned practices has been good
even though climatic conditions have been unfavorable during the past

few years.

HYDRAULIC AND HYDROLOGIC INVESTIGATIONS

Using a graph showing cumulative departures from normal precipitation, the
rainfall series for the period 1923 to 1942 inclusive was selected as most
representative for the Mukewater Creek area. Rainfall information used in
these studies was obtained by applying the Thiessen Polygon method of
weighting to the rainfall data tabulated for the Brownwood, Coleman, Santa
Anna and Trickham stations. All major storms occurring within this period
were considered since their intensity and magnitude were equal to or less

than the design storm considered.

The design storm would produce 4.62 inches of runoff from the watershed
under present conditions. Runoff of this magnitude is expected to occur
no more frequently than once in 25 years, and this value was used in
determining min{mm floodwater detention storege requirements. From a
study of the rainfall-runoff relationehip for this watershed, it was
found that a rain of 0.55 inch, occurring within a one-day period, was
the minimm which would cause damage-producing floods at the smallest
channel section. Therefore, no rains of less than this amount were con-

gidered for floqd routing purposes.

The largest rain that occurred within the 20-year period was one of 7.45
inches which produced 4,60 inches of runoff. Under present conditions
8,980 acres of the flood plain would be flooded by the runoff from this
storm. If such a rain were to occcur after land treatment practices and
measures have been applied, it is estimated that the area inundated would
be reduced to 8,590 acrea. These figures are based on the entire flood
plain area. With land treatment measures applied and the proposed flood-
water retarding structures and stream channel Improvement floodways in
operation, 2,472 acres would be flooded &8s & result of this storm. However,
310 acres of the flood plain would lie within the sediment pools of the
proposed gtructures, 348 acres within the detention pools, and 455 acres
would be included in the floodways.

The channel capacity of Mukewater Creek at Section No. 1 is 10,900 cubic
feet per second. This section is located approximately 0.2 mile above
the confluence of Mukewater Creek with Home Creek and has a drainage
area of 78,250 acres. The peak discharge at this point for a 7.45 inch
rain under presant conditions would be 50,000 cubic feet per second.

The discharge would be reduced to 30,000 cubic feet per second by the
proposed system of floodwater retarding structures.



A large percentage of the area flooded by the various storms after installa-
tion of floodwater retarding structures and land treatment practices would
be between Sections 1 and 5. This flooded area is at the lower end of
Mukewater Creek where the flood plain is rather narrow and mostly in perma-

nent grass.

SEDIMENTATION CONDITIONS

Accelerated erosion is occurring on the steep slopes in the watershed,
especially on the sandy formations. However, much of the eroded material
is being deposited on the gentle slopes at the base of the steeper iands.
The types of sedimentation damage most common to the watershed are channel

filling and overbank deposition.

Channel Filling

Channel filling 1s occurring at a slow rate on the main stems of Mukewater
and Hay Creeks and their tributaries. The channel filling which occurs on
the inside of bends is generally offset by bank erosion on the outside of
these curves. The deposits consist chiefly of gravel and sand bars between

intermittent pools.

Overbank Deposition

Sediment deposition on alluvial valley lands is of small extent and is
causing only minor damage. Fine textured deposits, ranging from ome to
four inches in thickness, in most cases have a dense cover of good pasture
grasses which indicates that the deposits originated largely from upland
top soils and are high in fertility. No recent natural levees or alluvial
fans were observed. Approximately 900 acres of cultivated and pasture
land have been damaged an average of 10 percent.

Sediment Production Rates

The estimated sediment production rates for the four problem areas in soil
conservation under present conditions are: Edwards Plateau, 0.4 to 0.6
acre-foot, Rolling Red Plaing, 0.6 to 0.8 acre-foot; Keddish Prairie, 0.%
to 1.0 acre-foot; and West Cross Timbers, 0.8 to 1.3 acre-feac annually
per square mile of drainage area. Present sedimert yields would be rednc.:d
about 30 percent with land treatment measur=s applied and maintained on

80 to 90 percent of the watershed lands.

OTHER RELATED FLOOD PLAIN DAMAGES

Flood Plain Scour

The two pripcipal types of scour damage found in the Mukewater Creek water-
shed were channel enlargement and flood plain scour. Damage caused by
channel enlargement, or bank erosion, was found to be approximately one

acre per year.



Flood plain scour was found to be active on 24 acres of cropland, causing
an estimated sannual dsmage ranging from 10 to 50 percent, and 38 acres of
pasture land, which was damaged 10 parcent annually. BSediment and scour
damages ars summariged i{n Table 4.

F100D PAMAGRS
Flood damage information on the flood plain of Mukewatar Creek was abui.n-d
from 20 percent of the landowners and operators. Most of the infomtion
as to smount and sxtent of damage referrad to the July, 1945 flood. 'Other
information obtained included land use, crop yields, property damage which
would result from a major flood and general flood problemss. All damagas
wears computed on the basis of present valuss and prices and convertad to
leag-l:cm lavals for scomomic lvl.lution.

Information comcarsing fleod damages to roads and bridges was sbtained
fromw county highway pfficials lnd landowners living adjacent to areas

- where the demage ocourred,

Damage rates obtaimsd from the July, 19&5 flood lud ethars wara adjutnd
on the basis of ralationships feund from surveys of other witarsheds of
similar chavacteristics to imdicats damage rates to be expacted from floods
of varicus dapths and seseuns. These rates ware sultiplisd by acres :
flooded by sach flond, by dspth and sesson, im the svaluatiom seriss.
Samage figures ware thenm adjusted for yecurrsuce of flooding. ¥lood
plain aress lying withis pool limits of proposed floodwater uurdiu
lh.‘ul:uru and floodways were mluded from all Iunaﬂt: ulculuim

The total ﬁract floodwater md sadiment damages are sstimated to average
$123,744 ansually under prasent cemditions, of which $76,779 is crop amd
pastura damage. Thass figures are based en the sntire flood plain sres.
After sxcluding the aress of the floud plain {mmdated by the proposed _
floedwater ratard structures, the average snmual direct demsge would be
t114,577 of which §71,154 is erop and put:url damsge. These estimates
art based on im-tm prices.

In addition to the shove thars are mmarous indiract damages such as loss
of travel time waiting for low water bridges to clear, depreciation in the
proparty valuss within the floeded ares and similar items. Ten percant
of the total annual vilue of the direct damages wis taken as a conserva- o
tiop svaluatiom of the gnnual fudirect flood dssages. The averaga smmual .
monetary flood dﬂlsll #n tmrtnd in ‘!lblt 4. R e S

lajer lmd traatment massures needad at l:hn tima of pr.pnutian of the
initisl work plam imcludsd swsding approximmtely 589 acras of ratired
cropland with psremnial nutive grasses. Proper ranga usa was wpsded
on approximately 49,740 scres. B -



Approximately 2,020 miles of terraces were needed on upland cultivated
areas to assist in the control of sheet and gully erosion and reduce the
sediment load of the stremms. About 530 acres of vegetated waterways were
needed to carry concentrated runoff from these terrace systems. Other
land treatment measures needed included approximately 96 miles of farm
diversion terraces, 174 farm ponds, and improved crop rotations on 31,245
acres of cropland which involves planting cover crops on 6,600 acres and
rotation hay and pasture on 3,000 acres. Contour tillage was needed on
23,500 acres and stubble mulching on 29,145 acres.

The estimated cost of installing all remaining land treatment practices
including the going program is $976,543 and the annual cost, including

installation and maintenance, is 3$81,440. These estimates are based on
the total watershed area.

Since the completion of the initial work plan, approximately 20 percent
of the needed land treatment practices have been applied through the
Central Colorado and Brown-Millg Soil Conservation Districts programs.
(See Table 1, page 12 for accomplishments during the period from July 1,
1950 to June 30, 1954.) The total treatment needs of the watershed at
the time the original work plan was developed are shown in Table 24,

page 20.

Flood Prevention Structures and Measures

A system of ten floodwater retarding structures is needed to protect the
flood plain lands along Mukewater Creek and its tributaries. The proposed
system of atructures and their drainage areas are shown on the work plan
map. Descriptive information concerning the proposed structures is
summarized in Table 6.

This system of structures will detain runoff from 46 percent of the
watershed lying above the junction of Hay and Mukewater Creeks. The
area below this point is predominantly range and the channel has a
gorge-like section and the flood plain is very narrow., Sufficient
detention storage can be provided at all floodwater ratarding srructure
sites to make possible the use of vegetated emergency spillways. It
will be necessary to raise or relocate portions of county roads which
cross the pool areas of proposed detention structures.

Stream channel improvement is needed to protect additional areas <f
flood plain where the stream channels are tco small to carxy tie crlrase
rate from the structures and runoff from the uncontrolled ayreas. Strean
channel improvement is proposed in the upper east portion of the water-
shed where it is not feasible to plan floodwater retarding structures
due to the unfavorable topography of this area.

All the flood prevention structures and measures needed to provide
flood protection for the flood plain lands are listed in Table 1.



Instrumentation

The effects of the watershed program have been computed by sound hydraulic,
hydrologic, and economic principles and procedures. However, as a part

of the operatiocns on this watershed, necessary rain gages and stream gages
have been or will be installed to provide information on the actual effect
of the recommended watershed protection program on runoff, erosiom, sedi~
mentation and evaporation. Cooperative arrangements have been with the

U. S. Geological Survey, the Weathar Bureau and other agencies to assist
in installing and operating the gages and analyzing the effects of the
floodwater ratarding structures and land treatment measures.

Effect of These Measures on Damages and Benefits

This flood prevention program consisting of land treatment measures and
measures primarily for flood prevention as described above, would eliminate
flooding from 26 of the damage-producing storms such as occurred in the
20-year period, 1923 to 1942 inclusive, The remaining flood flows

would be reduced in depth. This reduction in flooding would be such
that the total average annual acres flooded would be reduced from 21,053
to 2,450, The estimated average annual damage would be $14,133 as
compared to $126,145 under conditions existing at time of planning.

Most of the expected reduction in annual flood damages would be effected
by the system of floodwater retarding structures and stream channel
improvement. The annual value of the reduction in floodwater and
sediment damages attributable to the floodwater retarding structures is
estimated to be $52,916 out of a total of $112,012 from all measures,
while the annuel value of the reduction of flood damages attributable

to stream channel improvement is estimated to be $35,719. Sece Table 4.

Farmers and ranchers who own flood plain lands indicate that {f flooding
were reduced materially, about 16 percent of the flood plain now in
pasture would be used to grow field crops. It {s estimated that this
more intensive use would increase the net income to the land, after all
expenses are deducted, by approximately $16,386 annually.

The total flood prevention benefits, including both the reduction in
flood damages and the benefita from more intcnsive use of the flood plairn,
are estimated to be $128,398 annually. In addition, it is estimated that
the benefits to the landowners and operators in thu upland areas of the
watershed from the application of land treatmenrt measures will be
$155,978 annually. The expacted benefits trom the combined prcgram will
amount to $284,376 annually, as shown in Table 5.

The expected land treatment benefits were determined by estimating the
increased net income from tha land which would result from the applica-
tion of needed land treatment measures and practices. It was assumed

that the proportion of the cropland used for each crop would not change
even though cultivated and pasture acreages would be changed in accord-
ance with proper land use. It was also assumed that there would be no
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change in the ratio of the various types of livestock although the total
number would change because of the increased acreage of pasture and the
greater per-acre pasture carrying capacity to be expected from the appli-
cation of land treatment measures. The estimated increase in annual net
income is $138,509 from cropland and $17,469 from pasture, or a total of

$155,978 annually.

Comparison of Cost and Benefit

The ratio of the annual benefit from detention storage, $60,131, to the
average annual cost of the floodwater retarding structures and appurte-
nant structures for their protection, $28,461, is 2.11:1.

The ratio of the annual benefit from stream channel improvement, $45,830,
to its average annual cost, $12,562, is 3.65:1.

The ratio of the annual benefit from both floodwater retarding structures
and stream channel improvement, $106,021, to their combined average
annual cost, $41,023, is 2.58:1.

_The ratio of the average annual benefit from land treatment measures,
$178,355, to their average annual cost, $B1,440, 1s 2.19:1.

The ratio of total average annual benefits, $284,376, to total average
annual cost, $122,463, is 2.32:1. See Table 5.

All benefits were calculated on long-term prices and all costs were
calculated on present prices.

ANNUAL MAINTENANCE

Estimated annual majintenance costs after land treatment measures and
flood prevention structures have been installed are shown in Table 3.

The flood prevention structureg will be maintained by benefited farmers
under an agreement with the Brown-Mills aud Central Colerado Soil Con-
servation Districts which carry the responsibility for maintenance.
Group organizations of farmers and ranchers will be developed for this
purpose. Land treatment measures will be maintained by the landowners
or operators of the farms on which the measures are installed.



Table 1
Estimated Installation Cost by Yaars - Total Needed Program
MUKEWATER CREEX WATERSHED

(Middle Colorado River Watershed) March 1955
: : No. Units: Estimated Cost 7/1/50 to 6/30/54
: :__Applied : : Non- :
Measures : Unit : 7/1/50 to: Federal : Federal: Private' Total
: : 6/30/54 + Public :

(dollars) (dollars) (dollars)(dollarl)
A-Measures Primarily for Flood Prevention (SCS)

Floodwater Retarding

Structures Each - - - - -
Floodwater Diversion Mile - - - -
Stream Channel Improvement Mile - -

Easements (Land Value) - - - -
- 320 - 320

Local Assistance & Legal Fees
Work Plan Development 11,638 - - 11,638
Total A-Meapures 11,638 320 - 11,958

B-Measures for Conservation of Watershed Lands
Which Contribute Directly to Flood Prevention (SCS)

Contour Farming Acre 4,500 - - 6,750 6,750
Cover Cropping Acre 900 - - 10,800 10,800
Rotation Hay & Pasture Acre 0 - - 0 0
Stubble Mulching Acre 2,100 - - 1,050 1,050
Proper Use - Range Acre 4,800 - - 9,600 9,600
Range Seeding Acre 61 - 488 488
Pasture Planting Acre 6 - - 120 120
Terracing Mile 136 - - 27,200 27,200
Diversion Construction Mile 7 - - 3,150 3,150
Pond Construction Each 40 - - 18,000 18,000
Waterway Development Acre 26 - - 1,300 1,300
Farm & Ranch Planning
Asst. (Accl.) Acre 5,623 2,249 - - 2,249
Farm & Ranch Application
Asst. (Accl.) Acre 2,481 2,729 - - 2,729
Work Plan Development 3,597 - - 3,597
Total B-Measures 8,575 - 78,458 1/ 87,033
Total A & B Measures 20,213 320 78,458 98,991
. Total Flood Prevention Funds (SCS) 20,213 - - -
Grand Total 20,213 320 78,458 98,991
Facilitating Measures
Work Plan Development (SCS) (15,235) - - (15,235)
Program Evaluation (SCS) {10,200) (10,200)
Going Program (SCS)
Farm & Ranch Planning Asst. Acre 10,305 4,122 - - 4,122
Farm & Ranch Application Asst Acre 4,548 5,003 - - 5,003
Total 9,125 - - 9,125

1/ 1Includes $27,427 estimated A.C,P.S. assiﬁtance.



Table 1 ~ Continued
Estimated Installation Cost by Years - Total Needed Program

MUKEWATEBR. CREEK WATERSHED

(Middle Colorado River Watershed)

March 1955

No. to : : Non- : :

«+ FY 1955: Estimated Cost Fiscal Year 1955

Measures Unit ; be : Federal : Federal: Private: Total
Applied: : Public : : .
(dollars) (dollars) (dollars)(dollars)
A-Measures Primarily for Flood Prevention (SCS) '
Floodwater Retarding
Structures Each - - - - -
Floodwater Diversion Mile - - - - -
Stream Channel Improvement Mile - - - - -
Easements (Land Value) - - - - -
Local Assistance & Legal Fees - 1,440 - 1,440
Work Plan Development _ 2,750 - - 2,750
Total A- Measures 2,750 1,440 - 4,190
B-Measures for Conservation of Watershed Lands Which
Contribute Directly to Flood Prevention (SCS)
Contour Farming Acre 1,100 - - 1,650 1,650
Cover Cropping Acre 300 - - 3,600 3,600
Rotation Hay & Pasture Acre 300 - - 6,000 6,000
Stubble Mulching Acre 2,000 - - 1,000 1,000
Proper Use - Range Acre 3,000 - - 6,000 6,000
Range Seeding Acre 40 - - 320 320
Pasture Planting Acre 0 - - 0 0
Terracing Mile 70 - - 14,000 14,000
Diversion Construction Mile 4 - - 1,800 1,800
Pond Construction Each 10 - - 4,500 4,500
Waterway Development Acre 20 - - 1,000 1,000
Farm & Ranch Planning Asst.
(Accl.) Acre 1,600 640 - - - 640
Farm & Ranch Application
Asst. (Acel.) Acre 1,600 1,760 - - 1,760
Work Plan Development - - - =
Total B-Measures 2,400 - 39,870 42,270
Total A & B Measures 5,150 1,440 39,870 46,460
Total Flood Prevention Funds (SCS) 5,150 - - -
Grand Total 5,150 1,440 39,870 46,460
Facilitating Measures
Work Plan Development (SCS) (2,750) - - (2,750)
Program Evaluation (SCS) (5,780) (5, 780)
Going Program (SCS)
Farm & Ranch Planning Asst. Acre 2,400 960 - - 960
Farm & Ranch Appli. Asst. Acre 2,400 2,640 - - 2,640
Total 3,600 - - 3,600



Table 1 - Continued

Estimated Installation Cost by Years - Total Needed Program
MUKEWATER CREEX WATERSHED

(Middle Colorado River Watershed)

March 1935

Unit

FY 1956: Estimated Cost Fiscal Year 1956

to

Federal

Federal: Private

LTI

Total

A-Measures Primarily for Flood

Prevention (SCS)

Floodwater Retarding

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

4,284

Structures Each - - - -
Floodwater Diversion Mile - - -
Stream Channel Improvement Mile - - -
Easements (Land Value) - - - -
Local Assistance & Legal Fees - - 2,560
Work Plan Development - - -
Total A-Measures - - 2,560
B-Measures for Conservation of Watershed Lands Which
Contribute Directly to Flood Prevemtion (SCS)
Contour Farming Acre 1,400 - 2,100 2,100
Cover Cropping Acre 400 - 4,800 4,800
Rotation Hay & Pasture Acre 350 - 7,000 7,000
Stubble Mulching Acre 2,500 - 1,250 1,250
Proper Use - Range Acre 4,000 - 8,000 8,000
Range Seeding Acre 60 - 480 480
Pasture Planting Acre 0 - 0 0
Terracing Mile 90 - 18,000 18,000
Diversion Construction Mile 6 - 2,700 2,700
Pond Construction Each 12 - 5,400 5,400
Waterway Development Acre 30 - 1,500 1,500
Farm & Ranch Planning Asst.
Acre 1,640 656 - 656
Farm & Ranch Application
Asst. (Accl.) Acre 2,000 2,200 - 2,200
Work Plan Development - - -
Total B-Measures 2,856 51,230 54,086
Total A & B Measures 2,856 51,230 56,646
Total Flood Prevention Funds (S8CS) 2,856 - -
Grand Total 2,856 51,230 56,646
Facilitating Measures
Work Plan Development (SCS) - - -
Program Evaluation (SCS) (4,430) ( 4,430)
Going Program (SCS)
Farm & Ranch Planning Asst. Acre 2,460 984 - - 984
Farm & Ranch Application Asst. Acre 3,000 ___ 3,300 - - 3,300
- - 4’,284



Table 1 - Continued
Estimated Installation Cost by Years - Total Needed Program

MUKEWATER CREEK WATERSHED

(Middle Colorado River Uhtershedb

March 1955

Measures Unit:

=% B¢ Be ma

_FY 1957
No. to

be

1 éppliad

Estimated Cost Fiscal Year 1937

Non-
Federal : Federal :
¢ Public

Private: Total

i

Floodwater Retarding

r—

(dollars) (dollurl)(dolllrl)(dollaf;i

A-Measures Primarily for Flood Prevention (8CS)

Structurea EBach 5,6 125,840 - 125,840
Floodwater Diversion Mile .57 13,353 - - 13,353
Stream Channel Improvement Mile - - - - -
Eagements (Land Value) - 8,155 8,155
Local Agsistance & Legal Fees - - -
Work Plan Development - - - -

Total A-Measures 139,193 - 8,155 147,348
B-Measures for Comservation of Watershed Lands Which
Contribute Directly to Flood Prevention (8CS)
Contour Farming Acre 1,600 - - 2,400 2,400
Cover Cropping Acre 500 - - 6,000 6,000
Rotation Hay & Pasture Acre 400 - - 8,000 8,000
Stubble Mulching ' Acre 3,000 - - 1,500 1,500
Proper Use - Range Acre 5,000 - - 10,000 10,000
Bange Seeding Acre 80 - - 640 640
Pasture Planting Acre 40 - - 800 800
Terracing Mile 120 - - 24,000 24,000
Divergsion Construction Mile 9 - - 4,050 4,050
Pond Construction Each 15 - - 6,750 6,750
Waterway Development ~ Acre 40 - - 2,000 2,000
Farm & Ranch Planning
Assistance (Accl.) Acre 1,680 672 - - 672
Farm & Ranch Application
Assistance (Accl.) Acre 2,400 2,640 - - 2,640
- Work Plern Development - = i =
N Total B-Measures 3,312 - 66,140 69,452
Total A and B Measures 142,505 - 74,295 216,800
. Total Flood Prevention Funda (SCS) 142,505 - - - X
Grand Total 142,505 - 74,295 216,800
Facilitating Meagures
Work Plan Development (SCS) - - - -
Program Evaluation (SCS) ( 4,430) ( 4,430)
Going Program (SC8)
Farm & Ranch Planning Asst, Acre 2,520 1,008 - 1,008
Farm & Ranch Application Asst. Acre 3,600 3,960 - 3,960
Total 4,968 - - 4,968

—



Table 1 - Coﬁtinued

Estimated Installation Cost by Years - Total Needed Program

MUKEWATER CREEK WATERSHED

(Middle Colorado River Watershed)

16

March 1955

-

FY 1958: Estimated Cost Fiscal Year 1958

: : No. to ¢ : Non- : :
Measures : Unit be : Federal : Federal: Private : Total
: ; Applied: : Public : 2

A-Measures Primarily for Flood Prevention (SCS)
Floodwater Retarding

(dollars) (dollars)(dollara)(&ollars)

Structures Each 4, 7 81,727 - - 81,727
Floodwater Diversion Mile - - - - -
Stream Channel Improvement Mile - - - - -
Easements (Land Value) - - 19,250 19,250
Local Assistance & Legal Fees - - - -
Work Plan Development = - - -

Total A-Measures 81,727 - 19,250 100,977

B-Measurzs for Conservation of Watershed Lands Which

Contribute Directly to Flood Prevention (SCS)
Contour Farming Acre 1,800 - - 2,700 2,700
Cover Cropping Acre 600 - - 7,200 7,200
Rotation Hay & Pasture Acre 450 - - 9,000 9,000
Stubble Mulching Acre 3,500 - - 1,750 1,750
Proper Use - Range Acre 6,000 - - 12,000 12,000
Range Seeding Acre 100 - - 800 800
Pasture Planting Acre 40 - - 800 800
Terracing Mile 150 - - 30,000 30,000
Diversion Construction Mile 14 - - 6,300 6,300
Pond Construction Each 18 - - 8,100 8,100
Waterway Development Acre 50 - - 2,500 2,500
Farm & Ranch Planning

Assistance (Accl.) Acre 1,720 688 - - 688
Farm & Ranch Application

Assistance (Accl.) Acre 2,800 3,080 - - 3,080

To>tal B-Measures 3,768 - 81,150 84,918
Total A & B Measures 85,495 - 100,400 185,895
Total Flood Prevention Funds (SCS) 85,495 - - -
Crand Total 85,495 - 100,400 185,895
Yacilitating Measures
Work Plan Development (SCS) - - - -
Program Evaluation (SCS) (4,430) (4,430)
Going Program (SC8)
Farm & Ranch Planning Asst. Acre 2,580 1,032 - - 1,032
Farm & Ranch Appli. Asst. Acre 4,200 4,620 - - 4,620
Total 5,652 - - 5,652

-



Table 1 ~ Continued
Estimated Installation Cost by Years - Total Needed Program
MUKEWATER CREEK WATERSHED

(Middle Colorado River Watershed) March 1955
t t Balance: _ Estimated Cogt Balance to Complete
! t to be : : Nom- 1 !
Measures stait: Applied- Federal : Federal: Private : Total
H : i Public : . _
(douu-i) (dollars) (dollars) (dollars)

A-Maspures Primgrily for Flsod Prevemtion (SGS)

Floodwater Retarding 1,2,3,8,

Structures Rach 9,10 414,956 - - 414,956
Floodweter Diversion Mile - - - - -
Btream Channel Improvement Mile 23.7 222,468 - - 122,468
Eagements {Land Value) - - - - 69,120 69,120
Local Aggist. & Legal Fees - - - - -
Work Plan Development - - - =

Total A-Measures 637,424 - 69,120 706,544

B-Meagures for Conservation of Watershed Lands Which
Contribute Pirectly to Flood Prevention (5CS)

Contour Farming Acre 13,100 - - 19,650 19,650
Cover Cropping Acre 3,900 - - 46,800 46,800
Rotation Hay & Pagture Acre 1,500 - - 30,000 30,000
Stubble Mulching Acre 16,045 - - 8,023 8,023
Proper Use - Range Acre 26,940 - - 53,880 53,880
Range Seeding Acre 348 - - 2,784 2,784
Pasture Planting Acre 519 - - 10,380 10,380
Terracing Mile 1,454 - - 290,800 290,800
Biversion Comstruction Mile 56 - - 25,200 25,200
Pond Comstruction Each 79 - - 35,550 315,550
Waterway Pevelopment Acre 364 - - 18,200 18,200
Farm & Ranch Plannjing
Assigtance (Accl,) Acre 12,753 5,101 - - 3,101
Farm & Ranch Application
Agaigtanca (Accl.) Acre 21,379 23,517 - - 23,517
Total B-Measures 28,618 - 541,267 569,885
Total A & B Maasures 666,042 - 610,387 1,276,429
. Total Flood Prevention Funds (SC8) 666,042 - - -
. Grand Total ‘ 666,042 - 610,387 1,276,429
Facilitating Msasures
Work Plan Development (SG!) - - - _
Program Evaluation (8C8) (8,860) 1/ (8,860)
Going Program (8CS)
Farm & Ranch Flamning Asst Acre 17,260 6,904 - - 6,904
Farm & Ranch Appli. Asst. Acre 31,242 34,366 - - 34,366
, Total 41,270 - - 41,270

f

1/ Assumed a 5-year evaluation period beginning with FY 1956.



Table 1 - Contirued
Egstimated Installation Cost by Years - Total Needed Program
MUKEWATER CREEX WATERSHED

(Middle Colorado River Watershed) March 1955
1 tNo. of Estimated Total Cost
: : Banits @ : Nom- : H
Measures : Unit: to be IFederal ; Yederal: Private : Total
: jApplied ; 3 Public
{dollars) (dollars) (dollars) (dol lars)
A-Meagures Primarily for Flood Preventigm (¥CB)
Floodwater Retarding
Structures Each 10 622,323 - - 622,523
Floodwater Piversion Hile - .57 13,353 - - 13,353
Strean Channel Improvemant Mile 23.7 222,468 - - 222,468
Easements {Land Value) - - - - 96,525 96,528
Local Assist. & Legal Feea - - 4,320 - 4,320
Work Plan Development 14,388 - - 14,388
Total A-Messures 872,732 4,320 96,525 973,577
B-Measures for Conservation of Wat _Which
Contribute Birectly to ¥Flood Prevention (8CE)
Contour Farming Acre 23,560 - - 35,250 35,250
Cover Gropping Acre 6,600 - - 79,200 79,200
Rotatien Hay & Pasture Acra 3,000 - - 60,000 60,000
Stubble Mulching Acre 29,145 - - 14,573 14,573
Proper Use - Range Acre 49,740 - - 99,480 99,480
Range Seeding Acre 689 - - 5,512 5,512
Pasture Planting Acre 605 - - 12,100 12,100
Terracing Mile 2,020 - - 404,000 404,000
Piversiom Comstructiom Mile 96 - - 43,200 43,200
Pond Constructiom Each 174 - - 78,300 78,300
Watervay Development Each 530 - - 26,500 26,500
Farm & Ranch Planming
Assgistance (Acel.) Acre 25,016 10,006 - - 10,006
Farm & Ranch Applicationm
Assistance (Accl.) Acre 32,660 35,926 35,926
Work Plan Development 3,597 3,597
Total B-Measures 49,529 858 115 1/ 907,644
Total A & B Meagures 922,261 4,320 954,640 1,881,221
Total Flood Prevention Funds (SUS) 922,261 - - -
Grand Total 922,261 4,320 954,640 1,881,221
Facilitating Measures - -
Work Plan Development (8CS) (17,985) - - {(17,985)
Program Evaluation (SC8) (38,130) 2/ (38,130)
Going Program
Farm & Ranch Planning Asst. Acre 37,525 15,010 - - 15,010
Farm & Ranch Appli. Asst. Acre 48,990 53,889 - - 53,889
68,899 - - 68,899

Total

1/ Includes $295,446 that may be available from other Federal Funds (A.C.P.8.) to
reimburse private interests.

2/ Assumed a 5-year evaluation period beginning with FY 1956.



Table 2
Status of Flood Pravention Job Prior to Firat Year of the Work Plan

ftate - Texas
Subwatershed - Mukewater Ureek Bate - Maxch 1955

Authorized Flood Preventior Watershed - Middle Colorado River

s 3 t ¢ 1 Non-Faderal:
Measures t Unit ¢ MNumber : Federal : Cemstruc- ! Total
3 : t Cost 1/ : tion 2/ 1 Cost

(dollars) (dollars) (dollars)

A-Measures
Floodwater Retarding
Btructures Each 0
Stresm Chamnel Impreve-
Hent Nile 0
Subtotal
B-Measuresg
Contour Farming Acre 2,700
Cover Cropping Acre 540
Rotation Hay & Pasture Acre 0
Stubble Mulching Acre 1,260
Proper Use - Range Acre 2,880
Range Seeding Acre 37
Pasture Seeding Acre 0
Terracing Nile 78
Piversion Construction Mile 4
Pond Construction Each 12
Waterway Bevelopment Acra 12
Farm & Ranch Plamming
Asyistance Acre 14,450
Farm & Ranch Application
Asgistance Acre 2,985
Bubtotal 9,064 40,616 49,680
Total A and B Neasuras 9,064 40,616 49,680
. 1/ Flood pravention fumds including accaeleration fumds. }
2/ Includes an estimated $13,288 ef other Federzl fumds (A.C.P.B.) by which
private interests ware reaimbursed.
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PROGRAM EVALUATION SUPPLEMENT

Objective

Discussion of areas in which benefits are expected
to accrue

Hydrologic and sedimentation instrumentation needed
to measure the effects of the program

Plan of Study
Cooperative arrangements with other agencies
Coat of Evaluation Program

Structure and hydreclogic gage location map



EVALUATION OF WATERSHED PROGRAM
MUKEWATER CREEK WATERSHED
of the Middle Colorado River Watershed
Brown and Coleman Counties, Texas

Objective

The broad objective of the project evaluation is to evaluate the effect of
a flood prevention program in both physical and economic terms. To proper-
ly evaluate the effects, it will be desirable to measure various physical
and economic factors within the watershed and the changes brought about in
them by the application of the program. This will include changes in
rainfall-runoff characteristics, erosion, flood and sediment damages, evapo-
ration losses, and agricultural production resulting from soil and water

congservetion improvements.

This information will be beneficial to (1) the Soil Conservation Service

in the planning and design of watershed protection measures on other similar
watersheds, (2) other Federal agencies in the planning, design and operation
of dowmstream structures, (3) State and Federal agencies in their assistance
to industries, municipalities, etc., in the development of water supplies,
and (4) landowners and operators in the proper use and management of water-

shed lands.

The specific objective of the evaluation studies will be to determirne the
relation between estimated and observed benefits expected to accrue
annually as a result of the applied program. These annual benefits are

estimated to be: 1/

1. Reduction of floodwater and sediment damages $112,012
2. More intensive use of flood plain lands 16,386
3. Conservation benefits 155,978

Total all measures $284,376

Discussion of areas in which benefits are expected to accrue

Benefits from the reduction of floodwater and sediment damage are expect-
ed to occur below all floodwater retarding structures. The flood plain
area which will be benefited is shown on Figure 1 of the revised work

plan.

Benefits from more intensive use of flood plain lands will accrue along
the main stem of Mukewater Creek and its tributaries. (See flood plain

area, Figure 1 of the revised work plan).

Conservation benefits are expected to accrue throughout the watershed
as a result of land use adjustments and installing conservation measures.

1/ Table 5, Mukewater Creek Watershed Revised Work Plan.



Records will be maintained on the physical and economic effects of these
measures.

The major portion of the "off-site" benefits are expected to accrue primari-
ly as a result of installation of the "A" measures included in the program.
The "B" measures, which will contribute to the reduction of "off-site"
damage, will be primarily instrumental in bringing about increased conser-

vation benefits.

Hydrologic and sedimentation instrumentation needed to measure
the effects of the program

The objectives of installing the measuring devices are to measure precipi-
tation in the watershed, and to measure stream flow in such a manner that
hydrographs can be computed and the relationship between runoff, stage
and area inundated can be determined where applicable. Means must also
be provided for determining the amount of sediment carried by the stream
flow in determining the reduction in sediment deposition and damages.

To accomplish these objectives the following gages have been installed
at the locations shown on the attached map:

1. 15 standard rain gages
4 recording rain gages

2. One recording stream flow gaging station with cableway.

It is planned that a water stage recorder will be installed on one of the
floodwater retarding structures, probably No. 9, at the time of construc-
tion, providing funds are available.

Plan of Study

The objectives of this plan of study are to outline the procedure to be
used in relating the measurements and schedules taken in the field to the
benefits to be achieved by the installation of the watershed protection

program.

1. The reduction in floodwater and sediment damage will be
determined in the following manner:

The rain gages, water stage recorder, and stream flow gaging
station will provide a record of the storms, inflow and
outflow hydrographs in a key structure and a record of stream
flow for the main stream reach and tributaries in which flood-
water and sediment damages occur. Damages will be appraised
by qualified personnel after each flood which occurs during
the period of evaluation. For each event, the following

determinations will be made:



a. Damage with measures installed.

b. Damage that would have occurred without measures.
¢. Benefits creditable to the measures.

An annual report will be made of the benefits accruing to the
program.

2. More intensive use of land

Annual records will be kept by work unit personnel of land use
changes brought about as a result of the protection provided
by the floodwater retarding structures and other program
measures. Comparigon of net returns with and without the
program will provide the measurement of benefits.

3. gonservuﬁion benefitsg

Work unit personnel will keep records of the quantities of
"B messures installed, the initial cost and the increased

. met returns resulting therafrom.

This plan has heen formulated in confunttion with representativas of . =
the USGS and the Weather Bureau. o T _:g?ﬁgﬁg: B

~ The USGS.hqs agreed to install and operate a racording'iir&an_tlow gaging
station with cableway and make all hydrologic camwputations of vunoff

. records and analyses of rainfall data and supply these to the Soil Conesr- .

* vation Bervice on a reimbursable basis. S S -

in addition to reimbursing the UBGS as indicated, the.Soil-cdnlervntiun '

- Service will maintain and read the rain gages and keep the rainfall

‘records. : ' . '

_Qonqg a yeir, or as necessary, i 8011;cdnsa:v1tion Service angineering
- party will resurvey the monumented valley cross sections.

’wnd vacord any other pertinent information svailable. . =

v:ﬁith the assistance of thq.lﬁginﬁcring ﬁndtu;terqﬁid fllnning Unit;'q
suogiary of banefits and costs from works of imptovesent will bs praparsd

" .sach calendar year. Insofsr as possible, these evaluations will be

" for the same items as those evalustad in the work plan. This {nformation
“w{ll Be put in peport form and made aveilabla to the Htate Conservation-
- ist for submisaion.to Washington. . X |

. Jach ye r work unit perscnnal will bring up te dqtﬁ_phyqic;l invpgto:iup'“ :?E;u




The Soil Conservation Service will:

1.

12,

Cost of Evaluation Program

Furnish, install and fence 4 record-
ing and 15 standard rain gages

Reimburse the USGS for one-half the
cost of installing a recording stream

gage

Furnish, install, and maintain a water
stage recorder (reservoir)
(Location to be determined later,

probably Site 9)

Reimburse the USGS for one-half the
total cost of collection and computa-
tion of streamflow records

Reimburse UUSGS for the analyses of rain-

fall data

Operate and maintain 4 recording and

15 standard rain gages

Make approximate weekly inspections of

streamflow recorder

Record basic watershed data from which to

evaluate changes

Preparation of Special Storm Reports

Economic investigations of floodwater and
sediment damages and annual inventory of

land use and crop yields in the flood

and on upland

Annual surveys (highwater marks)

Preparation of annual report

Total Cost SCS

Costs
Ammual
Installation Operation
(dollars) (dollars)
1,050 1/
1,000 1/
3,100 2/
3/ 700
3/ 150
1,000
4/
1,350
430
plain
1,250
150
750
6,500 4,430



Cost of Evaluation Program

v {Cont inued)
. Costs
» Annual
. Installation Operation
(dollars) (dollars)
* The U. §. Geological Survey and Board of Water Engineers will:
1. 1Install one recording stream gage and
provide one-half the cost of the
installation 1,000 1/
2. Collect and make hydrologic computa-
tions of streamflow records 700
3. Analyze rainfall data
4. Furnish copies of rainfall and runoff
data to SCS within a reasonable time
after heavy runoff
Total Cost USGS and BWE 1,000 700
1/ These gages were installed i{n 1951 and 1952.
2/ To be installed at time of construction, if funds are available,
and included in working agreement with USGS for applicable year.
3/ Collection and computation of deta to be performed as provided for

in USGS Special Manual (Austin District) for operatiom of SCS
projects.
4/ To be done at time of rain gage visits.
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