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WATERSHED WORK PLAN AGREEMENT

between the

Gray County Soil and Water Conservation District

Local Organization

Gray County Commissioners Court
Local Organization

Hccfellan Creek Soil and Water Conservation District
Local Organization .

Carson County Cormisgioners Court
Local Organization

Donley County Soil and Water Conservation District
Local Organization

‘State of Texas
(hereinafter referred to as the Sponsoring Local Organization)

and the

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

Whereas, application has heretofore been made to the Secretary of
Agriculture by the Sponsoring Local Organization for assistance in pre-
paring a plan for works of improvement for the

McClellan Creek Watershed, State of Toxaa

under the authority of the Watershed Protection and Flood Prevention Act
{(Public Law 566, 83d Congress; 68 Stat, 666), as amended; and

Whereas the responsibility for administration of the Watershed
Protection and Flood Prevention Act, as amended, has been assigned by
the Secretary of Agriculture to the Sgrvice; and

Whereas there has been developed through the cooperative efforts of
the Sponsoring Local Organization and the Service a mutually satisfactory

plan for works of improvement for the McClellan Creek
Watershed, State of Texas .

hereinafter referred to as the watershed work plan, which plan is annexed
to and made a part of this agreement;

SERA-SCRFOST WORTR, $51. 1155
4-24199 1-648 Y-62 4-L-16578-1
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Now, therefore, in view of the foregoing considerations, the Sponsor-
ing Local Organization and the Secretary of Agriculture, through the Ser-
vice, hereby agree on the watershed work plan, and further agree that the

- works of improvement as set forth in said plan can be installed in about
o five years,

v . It is mutually agreed that in installing and operating and maintain-
“ ing the works of improvement substantially in accordance with the terms,

conditions, and stipulations provided for in the watershed work plan:

1. The Sponsoring Local Organization will acquire without cost
to the Federal Government such land, easements, or rights~
of-way as will be needed in connection with the works of
improvement. (Estimated cost § 322,483 )

2, The Sponsoring Local Organization will acquire or provide
assurance that landowners or water users have acquired such
water rights pursuant to State law as may be needed in the
installation and operation of the works of improvement.

3. The percentages of construction costs of structural measures
to be paid by the Sponsoring Local Organization and by the
Service are as follows:

Sponsoring
Works of Local Estimated
Improvement Qrganization Service Construction Cost
(percent) (percent) (dollars)
13 Ploodwater
Retarding Structuras 0 100,00 1,504,403

4-24199 1-68
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14,

4. The percentages of the cost for installation services to be
borne by the Sponsoring Local Organization and the Service are
as follows:

T Sponsoring Estimated
‘ Works of Local Installation
Improvement Organization Service Service Cost

v . (percent) (percent) (dollara)

13 Floodwater _
Retarding Structures 0 100,00 320,053

5. The Sponsoring Local Organization will bear the costs of
administering contracts. {Estimated cost $ _ 5,600 2)

6. The Sponsoring Local Organization will obtain agreements from
owners of not less than 50% of the land above each reservoir and
floodwater retarding structure that they will carry out conserva-
tion farm or ranch plans on their land.

7. The Sponsoring Local Organization will provide assistance to
landowners and operators to assure the installation of the land
treatment measures shown in the watershed work plan,

8. The Sponsoring Local Organization will encourage landowners
and operators to operate and maintain the land treatment
measures for the protection and improvement of the watershed.

9. The Sponsoring Local Organization will be responsible for the
operation and maintenance of the structural works of Improve-
ment by actually performing the work or arranging for such
work in accordance with agreements to be entered into prior to
isguing invitations to bid for construction work.

10. The costs shown in this agreement represent preliminary esti-
mates. In finally determining the costs to be borne by the .
parties hereto, the actual costs incurred in the installation
of works of improvement will be used,

el
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Ilh.

This agreement does not constiitute o financial
document to serve as a basis for the obligation
T Federal funds, and financial and other
stance to be furnished by the Service in
carrying out the watershed work plan is contin-
genu on the appropristion of funds for this
purpose.

Wnere there is a Federal contribution to the con-
stiruction cost of works of improvement, & scparate
agreement in connection with each construction
contract will e entered into between the Service
and the Sponsoring Local Organization prior to

the issuance of the invitation to bid. Such
agreement will set forth in detail the financial
and working arrangements and other conditions that
are applicable to the specific works of improvement.

The watershed work plan may be amended or revised,
and this agreement may be modified or terminated,
only by mutual agreement of the parties hereto.

No member of Congress, or resident

.caamissioner, shall be admitted to any share or

part of this agreement, or to any penefit that may
arise therefrom; but this provision shall not be
construed to extend to this agreeament if made with
& corpeoration for its general benefit.

The program conducted will be in compliance with
all requirements respecting nondiscrimination

as contained in the Civil Rights Act of 196k

and the regulations of the Secretary of Agriculiure
(7 C.F.R. Sec. 15.1-15.13), which provide that no
person in the United States shall, on the ground

‘of race, color, or national origin, be excluded

from participation in, be denied the benefits of,
or be subjected to discrimination under any
activity receiving Federal financial assistance.

iv
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Gray County Soil and Water Conservation District

. ﬁﬂynizaf ion

title (Ao, rman

Date No. /., /1967

The signing of this agreement was authorized by a resolution of the gzovern-
ing body of the Gray County Soil and Water Conservation District
Local Organization

adopted at a meeting held on jl/c) vermber /£, /1967

- V. ~\
-

7

{Secretary, Local O ization)

Date Nov- [, 1967

Gray County Commissioners Qourt

Local Orpanization (j¥¥f
By =5§j.§i. ga(:fi;uiﬂﬂn r -

\J, .
Title _(orau o cier j(/ \/Qd‘;é"ﬁ

V4 P4
Date __ AN L, /G6T

The signing of this agreement was authorized by & resolution of the govern-
ing body of the Gray County Commissioners Court
Local Organization

adopted at a meeting held on 22@::.:,’:‘44/)_ /L {95 7

-I-".:-F ‘
A ',.-"‘
~ , *
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.
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McGlellan Creek Soil and Watexr Conservation Diatrict

. Local Organization
By QZQ_M__
. : Title CHhauwran

Date N o [, 1867

The signing of this agreement was authorized by a resolution of the govern-

ing body of the McClellan Creek Soil and Water Conservatfon Dietrict
Local Organization

adopted at a meeting held on Q{"j— 149 . / ?Q;?
7). 2l P27 Sz

(Secretary, Local Organization)

Date Nod- /e 1867

Carson County Commissioners
a140rganization

Atle Cogroern (ocrty \éka//ae

Date | //-— /-—-—- //;17

The signing of this agreement was authorized by a resolution of the govern-
ing body of the _ Carson County Commissioners Court
Local Organization

adopted at a meeting held on M‘“é /?é 7
(

(Secretary, Local Organization)

Date %M@.Lﬂ 7

")-.

,

.’.
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.
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vii

Lecal Organization
=~ f
By ¢

Title C A 2,07 27

Date /]//01/,/, /867

The signing of this agreement was authorized by a resolution of the govern-
ing body of the Do d

Local Organization

adopted at a meeting held on

(Secretary, Local d;ganiﬁéﬁgﬁﬁ)
pate ___ A0/, /GG T

Local Organization

By

Title

Date

The signing of this agreement was authorized by a resolution of the
governing body of the

Local Organization
adopted at a meeting held on

{(Secretary, Local Organization)

Date

Soil Conservation Service
United States Department of Agriculture

By

Date

4-24190 1-838 Rev. 4-63 ulw16578-6




WORK PLAR
FOR

WATERSEED PROTECTION AND FLOOD PREVENTION

McCLELLAN CREEK WATERSHED

Carson, Gray, and Donley Counties, Texas

Prepared Under the Authority of the Watershed
Protection and Flood Prevention Act, (Public Law
366, 83rd Congress; 68 Stat. 666), as amended.

Prepared By:

Gray County Soil and Water Comservation District
(Sponsor)

Gray County Commissioners Court
(Sponsor)

McClellan Creek Soil and Water Conservation District
(Sponsor)

Carson County Commissioners Court
(Sponsor)

Donley County Soil and Water Conservation District
(Sponsor)

With Assistance By:

U. 8. Department of Agriculture
Soll Conservation Service
January 1967

4-24193 567
USDA-$CS FORT WORTH, FTX. 1867




- WATERSHED WOBRK PLAN
McCLELLAN CREEK WATERSHED

Carson, Gray, and Donley Counties, Texas

ADDENDUM

Since the preparation of this watershed work plan, the Federal interest
rate for benefit and cost evaluations has been increased from 3.25 percent
to 4.625 percent.

As a result, annual equivalent coats for the installation of these struc-
tural meagures will increase from $72,928 to $100,631. The total average
annual cost of structural measures (amortized total installation cost, plus
other economic costs and operation and maintenance costa) will be increased
to $131,910. Average annual benefits, excluding secondary benefits, accru-
ing to structural measures will change to $139,684, resulting in a benefit-~
cost ratio of 1.1 to 1.0,

Total average annual project benefits, including secondary benefits, will
change to $151,793, resulting in a benefit-cost ratio of 1.2 to 1.0,

4-24186 1-69
USD#-JCN-FORT WORIN, JET, 1374




WATERSHED WORK PLAN
McCLELLAN CREEK WATERSHED
Carson, Gray, and Donley Counties, Texas

January 1967

SUMMARY OF PLAN

The work plan for watershed protection and flood prevention has been pre-
pared by Gray County, McClellan Creek, and Donley County Soll and Water
Conservation Districts and Gray and Carson County Commissioners Courts as
sponsoring local organizations. Technical assistance has been provided by
the Soil Couservation Service of the United States Department of Agriculture.

McClellan Creek watershed covers an area of 347.53 square miles (222,422
acres). It is estimated that 29.3 percent of the watershed is cropland,
2.7 percent is pasture and hayland, 65.9 percent is rangeland, and 2.1
percent is in miscellaneous uses such as public roads, farmsteads, and
stream channels,

There are 1,449 acres of Federal land in the watershed. This area is knowm
as the McClellan Creek Grassland which is part of the Panhandle National
Grasslands and is administered by the Porest Service, United States
Department of Agriculture.

Objectives of the proposed project are to provide flood protection for
flood plain lands and to install proper land use and conservation practices
in the interest of soll and water conservation. The project proposed in
this work plan will accomplish these objectives.

Principal problems are the result of frequent flooding. Flooding that
results in some damage occurs on the average of more than once per year.
Severe floodwater damage to crops, grasses, farm improvements, and public
roads and bridges occurs every two to three years. The floods also cause
severe sediment and erosion damage to substantial amounts of flood plain
land.

The cumulative area flooded during an average year of the 26-year evaluation
period is about 3,745 acres. Average annual flood damages are estimated to
be $82,921, 1including indirect damages. The proposed project will reduce
these damages to an estimated $12,116 an average annual reduction of about
85 percent.

The work plan proposes installing, in a five-year period, needed land treat-
ment measures and 13 floodwater retarding structures. Total storage capacity
of structural measures will be 29,497 acre~feet, including 12,001 for sedi-
ment accumulation during a 100-~year period and 17,496 for floodwater
detention. An average of 1.77 inches of runoff will be detained from 53.5
percent of the watershed.

424199 11 -G48




Total project installation cost is estimated to be $2,851,415, including
$698,876 for installation of planned lend treatment and $2,152,539 for the
structural meagsures. The local ghare ie estimated to be $1,007,349 and the
Public Law 566 share is estimatad to be $1,844,066.

Public Law 566 cost share for the itructural measures is estimated to be
$1,824,456 and local share is estimated to be $328,083.

Total average ampual bepefits, resultiang from installation of structural
measures are estimated to be $149,845, Average annual cost for imnstalla-
tion and maintenance of structural measures and other economic costs as-
soclated with project developmeant is estimated to be $103,415. The
benefit~-cost ratio is 1.4 to 1.

Covaisgioners Courts of Carson and Gray Counties have powers of taxation
and rights of eminent domain under applicable State laws and will furaish
funds for finemcing local cost share of structural measures.

Operation and maintenance will be carried out by spomsorimng local organiza-
tions. Fumds for this purpose will be adequate and available from revenue
supported by existing taxes. The value of average annual operation and
maintenance expenses for structural measures is estimated to be $2,650.

4-2415%9 11-&4




DESCRIPTION OF WATERSHED

Physical Data

McClellam Creek, a tributary of the North Fork of the Red River, ia located
in the Panhandle of Texas and includes portions of Carson, Gray, and Donley
- Counties.

The wain atream of McClellan Creek originates in Carson County about five
wiles south of the city of Panhandle and begins a meandering course toward
the east-southeast. It entere Gray County, makes a gradual turn to a
northeasterly flow, paeses through Lake McClellan, and entere the Rorth
Fork of the Red River at the eastern edge of Gray County. The only mejor
tributary is North McClallan Creek, an ecaeterly flowing straam which joins
McClellan Creek in eouth central Gray County. There are many relatively
short tributaries with eteep gradients which join McClallan Craek from
either side. The watershed comprises an area of 347.53 aquare milas
(222,422 acres) of which 334 squara miles (213,760 acree) are contributing
drainage area.

Tha waterehed lies within two major land resource areas. The eaetern 75
parcent 1s Central Rolling Red Plains. The wegtern25 percent is Southern
High Plains,

The Bolling Red Plains can be Separated physiographically into two parts --
4 rolling erea and an escarpment area. The eastarn 45 percent of the
vatershed is the rolling area and {is characterized by smooth rolling hillas
and vegetated sand dunes. Predominsnt slopas rangas up to 10 percent, but
Staeper slopes occur on valley walls of larger streams. The central 30
percent of the watarshed is escarpment arsaa wvhich presente an abrupt
Separation of tha Rolling Red Plains from the elavated High Plains to the
west. McClellam Creek and its tributaries have cut deep re-entrant canyons
into the high plains. Slopes up to 35 percent are common.

The High Plains is characterized by a remarkably flat surface with a alight
general slope toward the east-eoutheast. This {s intarrupted omly by the
narrow, shallow valley of McClellan Creek and numerous flat-bottomed basins
or "playas". Drainage areas of such baains constitute the 13.53 square
miles of non-contributing area in the waterehed.

The nearly level flood plain ia well defined throughout moat of its langth,
The average flood plain width in the High Plains portion is about 1,000
feet. It narrows to an average width of 380 feet in western Gray County
. where the stream drops 250 feet from the High Plains into the Rolling Red
-y Pleins in a 13 mile éegment. From this point, the flood pPlain gradually
widens to a maximum width of 3,200 faet in the lower reaches. Thease widths
include the stream channel which ranges from 200 to 1,200 feet wide in the
.- lower 17 milas of McClellan Creek.

Elevations above mean sea level range frow greater tham 3,400 feet on the
High Plains to about 2,480 feet at the confluence of McClallan Cresk and

North Pork of the Red River.

A-24199 D-D7




Most of the watershed is within the outcrop of the Ogallala formationm,
which is made up of extensive deposits of Pliocene outwash from the Rocky
Mountains. It consists of somewhat cross-bedded, partially cemented sand,
silt, clay, and gravel. Secondary deposits of caliche are common through-
out the formation, Some caliche beds are indurated and much more resistant
to erosion than underlying beds. They form a protective cap which serves
to retard destruction of the nearly level plains surface by headward

T advancing streams. Quarternary deposits are significant in the following
forms: a thin eolian mantle covering the surface of the High Plains;
stabilized sand dunes in the eastern one-fourth of the watershed; and
alluvium in natural basins, flood plains and stream channels. There are
also minor outcrops of Permian red shales, sandstones, and conglomerates,
which accounts for less than three percent of the watershed area. These
outcrops occur at lower elevations in the eastern portion of the watershed
and are a result of downward cutting of McClellan Creek and its tributaries.

Soils of the eastern portion of the watershed include deep fine sandy loams,
loamy fine sands, and fine sands ranging from moderately permeable to
rapidly permeable.

Soils of the escarpment area include slowly to moderately permeable clay
loams, loams, and fine sandy loams. They range from very shallow to deep
but are predominantly shallow soils. There are conspicuous areas of bad-
land and rough broken land, but they account for a small portion of the
total escarpment area.

Most of the High Plains soils are uniform, deep, moderately fine textured,
very slowly permeable, and fertile,

The dominant soil series of the watershed are Pullman, Mansker, Mobeetie,
Potter, Miles, Springer, Likes, Tivoli, Bippus, Lincoln, Spur, and Sweet-
water.

The following tabulation shows land use in the watershed.

Land Use Acres Percent

Cropland 65,070 29.3

Pasture 6,084 2.7

Rangeland 146,490 65.9

Miscellaneous 1/ 4,778 2.1

Total 222,422 100.0

"y 1/ Includes roads, highways, railroad rights-

of-way, farmsteads, stream channels, etc.

- The Forest Service, United States Department of Agriculture, administers
McClellan Creek Grassland which is a portion of the Panhandle National
Grasslands. McClellan Creek Grasslamd includes Lake McClellan, with 325
acres of surface area, and 1,124 acres of grassland surrounding the lake.
This area serves the purpose of water based recreation, livestock grazing,
wildlife and watershed management, and oil and gas production.

4-24128 1 _-68




Hydrologic cover conditions on the watershed range from poor to good on

rangeland, with an estimated 75 percent in fair condition. Range sites

within the watershed are Deep Hardland, Hardland Slopes, Mixedland Slopes,

Sandyland, Very Shallow, Rough Broken, and Bottonland. When these sites
T are in excellent condition, dominant grasses are sideoats grama, little
bluestem, sand bluestem, blue grama, western wheatgrass, vine-mesquite,
switchgrass, indiangrass, and buffalograss. Some deterioration has taken
place because of overgrazing. Buffalograss, threeawn grasses, and hairy
grama have increased on land that was originally in bluestems. Also, there
has been some increase of mesquite, sand sagebrush, yucca, shinnery, and
pricklypear,

Juniper trees are scattered throughout the escarpment area. Cottonwoods,
elms, hackberrys, and wild plums are common along the lower reaches of
McClellan Creek.

Fish and wildlife habitat and population are described by the Bureau of
Sport Pisheries and Wildlife as follows:

"McClellan Creek has sufficient water to support moderate amounts
of minnows and small sunfish in the portion of the stream between
Lake McClellan and the Red River. The volume of water is not

sufficient, however, to support fishable populations of game fish.

White-tailed deer, wild turkey, bobwhite, and scaled quail are the
principal game species in the watershed. Deer and turkeys occur in
moderate numbers in the lower portion of the watershed. They are
expanding their range to other portions of the watershed where suit~
able habitat prevails and their numbers are expected to increase
significantly in the future.

Scaled quail occur in the upper portion of the watershed. Bobwhites
are distributed throughout the watershed with the largest concentra-
tion occurring in the lower part of the watershed. Habitat conditions
and populations of these birds are not expected to change significaatly
without the project.

McClellan Creek Watershed lies within the former range of the lesser

prairie chicken, a species now classified as rare by the Bureau of

Sport Fisheries and Wildlife. Remnant populations of this species

occur on suitable habitat in portions of Gray and Wheeler Counties

which lie fairly near to the McClellan Creek Watershed. Gray Couaty

has only a few birds. There is a fair population throughout Wheeler
- County. 1t is fairly certain that no lesser prairie chickens remain

e in any portion of the McClellan Creek Watershed."

. The climate is semi-arid. Summers are warm and clear. Winters are fairly
- mild. However, the region is subject to rapid and wide changes in
temperature. These changes occur especially during winter months when
masses of cold air surge southward over the unsheltered plains. Mean
monthly temperatures range from 36 degrees Fahreheit in January to 79
degrees in July. The normal growing season, extending from about April 17

4A—24198 987




to October 31, is 197 days. Average annual precipitation is a little more
than 20 inches. Average annuval snowfall is about 12 inches. About three-
fourths of total precipitation falls between April and September, mostly
in the form of local thunderstorms frequently accompanied by strong wind

: and hail. Three to five tornadoes generally occur each year,

Wells are the principal source of water for irrigatiom, rural domestic, and
i livestock use. Municipal water supplies for Groom and McLeam, located just

outside the watershed, are also obtained from wells. The main water bearing

sands are within the Ogallala formation and valley alluvium of McClellan

Creek,
Economic Data

The economy of the watershed depends to a large extent om agriculture,
Production and sale of cash crops of wheat and grain sorghum and the pro-
duction and sale of beef cattle are the primary sources of income. However,
considerable income is derived from crude oil and natural gas production at
the present time.

Generally, the western portion of the watershed is devoted to the production
of cash crops while ranching is the primary agricultural activity in the
eastern portion. Irrigation water from wells sustain high level yields of
wheat and grain sorghum on much of the cropland. Irrigation in the eastern
portion of the watershed is applied mostly to improved pastures and hay
crops. The principal hay crops are alfalfa and sorghums, in addition to the
native grass hay fields. Small grain is planted for supplemental pasture on
some land and wheat fields are used extensively for grazing during winter
months.,

It is expected that the present land use and crop distribution will continue;
however, some of the marginal cropland will be converted to grassland.

The ground water supply for irrigation will gradually decline. It has been
estimated that the supply will be depleted by the year 2000 at the present
rate of use. More careful use of the water will extend this period.

Very little flood plain land is irrigated since a sub-irrigated condition

exists in most of the Gray County portion. Since the water table is too

high in some areas for maximum use of flood plain land, a slight lowering of

the water table would improve the sub-irrigated condition. Slight stream

channel degradation, expected as a result of the installation of a flood

prevention project would cause some lowering of the water table. High level
- ylelds from hay fields and pastures in the flood plain, downstream from Lake

o McClellan, will be possible without irrigation.

Grain sorghum and wheat are the crops in surplus supply that are produced in
the watershed. Acreage now devoted to these crops is significant to the
watershed economy and to producers who depend upon these crops for s major
portion of the family income.

There are approximately 288 farms and ranches in the 'watershed. Based on
information contained in the United States Census of Agriculture, the
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following tabulations show information for farm and. ranch units in Carson
and Gray Counties. It is believed the County estimates are applicable to
the wstershed area.

Subject : Carson County : Gray County
Year 1954 1959 1964 1954 1959 1964

Average Size Unit
(acres) 1,157 1,113 1,240 1,071 1,409 1,465

Average Total Unit
Value (Dollars) 77,873 108,898 188,771 68,235 77,898 129,385

Average Value Per
Acre (Dollars) 76 102 155 52 56 88

All farms are an economical unit and none have sales of less than $3,000
annually, Very few operators work off-farm for 100-days or more during the
year. Estimated value of agricultural land in the watershed ranges from
about $90 to $450 per acre.

Pampa, McLean, Croom, LeFore, White Deer, and Panhandle are the principal
market centers serving the watershed. Large quantities of agricultural
commodities are stored and processed in these centers where most of the
employment opportunities for workers are provided.

The Carson County population increaeed slightly between 1960 and 1965 and
the population of Gray County decreased slightly during the same period. It
is expected these trends will continue for a period of time in the immediate
future. The rural population 1s expected to continue to decline slightly.

Transportation facilities providing eervice to the area are the Atchinson,
Topeka, and Santa Fe and the Chicago, Burlington, and Qunicy Railroads; and
U, S. Highway 66 and State Highway 70, Farm-to-Market roads and improved
county roade provide good travel routes within the watershed. There iz a
total of about 68 miles of hard surface roads that pase through the water-
shed.

Very limited watar based recfaatian facilities, other than Lake McClallan,
are available to attract tourists.

Good opportunitiee will exist in the future for development of bettar wild-
life habitate in addition to the opportunities for increased watsar based
racrestion activities.

Land Treatment Data

The Gray County, Donley County, and McClellan Creek Soil and Water Conserva-
tion Districts are assisting farmers and ranchers of the watershed in pre-
paration and application of basic soil and water conservstion plans on their
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land, Soil Conservation Service work units at Pampa, Panhandle, and
Clarendon are assisting these three districts. There are 288 operting
units, of which 267 are under district agreement. The land under district
agreement is 97 percent of the agricultural land in the watershed.

Work units have assisted district cooperators In preparing 213 basic soil
and water conservation plans, covering 84 percent of the agricultural land
in the watershed, and have given technical assistance in establishing and
maintaining planned measures (table 1A). Current revision is needed on 150
conservation plans. Soil surveys have been completed in Gray and Carson
Counties and a few farms have been surveyed in the Donley County portion of
the watershed.

It is estimated that 70 percent of total needed land treatment has been
applied and that more than 65 percent of the land is adequately treated.

The National Grassland land is adequately treated and no additional treat-
ment is necessary. The level of land treatment applied is expected to reach
greater than 90 percent in 5 years as a result of the planned land treatment

program.
WATERSHED PROBLEMS

Floodwater Damage

There are approximately 9,412 acres of flood plain land, including about
1,748 acres of sand filled channel of McClellan Creek. This 9,412 acres is
that area inundated by an estimated 100-year frequency flood., The area,
excluding channels, inundated by runoff from the largest storu considered

in the 26-year evaluation period was 5,738 acres. Included are 2,036 acres
in reach 1, 260 acres in reach 2, 1,228 acres in reach 3, 469 acres in reach
4, and 1,745 acres in reach 5 (figure 1). When recurrent flooding is con-
sidered, the cumulative area flooded during an average year is estimated to
be 3,745 acres. The market value of flood plain land is estimated to range
from $100 to $400 per acre.

Floods that result in damage occur on the average of more than one per year.
Severe damage to hay crops, pastures, fences, farm roads and creek crossings,
livestock, and public roads and bridges occur every two to three years.
Debris is deposited on land and on roads and bridges causing inconveniences
and extra expenses for clean up and removal of the trash following floods.
Flooding and sediment deposition has limited the use of much of the fertile
subirrigated flood plain land. A majority of the land, especially downstream
from Lake McClellan, was formerly used for hay production but at present time
is used as rangeland.

During the 26-year period (1940 to 1965), there were 15 major floods, each
inundating more than half the flood plain. 1In addition, there were 18 minor
floods covering less than half the flood plain. Floods often develop quickly
in this area, and the rapid runoff from the steep escarpment areas causes
peaks and high velocity of floodwater that is very destructive to the land
and to improvements in the flood plain.

Local efforts to reduce damages by attempting to straighten, direct, and
confine channel flow have met with some success. The adverse economic and
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Floodwater damaga to county road low water crossing located
downstream from Lake McClellan. Note temporary earth fill
on right end of crossing to allow traffic over the road.

Floodwater damage to bridge on Farm-to-
Market Road 273 across McClellan (reek.
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physical effect of flooding has been felt throughout the watershed, and
will prompt local participation in the alleviation of flood problems.

Recent major floods occurred im Jume 1961, October 1960, July 1958, May
1957, June 1954, and May 1951, The 1957 and 1951 floods were the most dam-
aging. The occurrence of a storm producing 1.0 to 1.5 inches of runoff,
which would equal an estimated 5-year frequency event, will cause flooding
over about 4,897 acres and inflict an estimated $28,968 in direct flood-
wvater damages. An estimated 26-year frequency storm will cause flooding
over about 5,738 acres and inflict an estimated $70,979 direct floodwater
damages.

Based on floods that were comsidered im the 26-year historical series, aver-
age annual direct floodwater damages, without land treatment and structural
measures applied, will total an estimated $32,921 (table 5). These damages,
by individual evaluation reaches, are shown in the following tabulations,

Average Annual Direct Floodwater Damages Without Project

Ewaluation: Damage in Dollars
Reach : (Based on Adjusted Normalized Prices)
(Figure 1): Crop and :  Other : Road and :
Number : Pasture : Agricultural; Bridge : Total
1 18,245 4,832 - 23,077
2 218 61 462 741
3 1,710 1,224 2,190 5,124
4 141 372 186 699
5 1,728 675 877 3,280
TOTAL 22,042 7,164 3,715 32,921

Indirect damages resulting from flooding are comsidered to involve such
items as restrictions im travel, delays and re-routing of school busses and
mail deliveries, interference with recreation activities at Lske McClellan
and inconvenience and delays in tending livestock, Indirect damages are es-
timated to average $7,539 annuslly.

There is some damage to wildlife habitat, espectally the nesting areas of
mourning dove, bobwhite, and turkey.

Floods have made expensive splllway repairs necesgary at Lake McClellan.

Sediment Damage

Sediment damage is extremely high in the watershed. Channel and flood plain
aggradation heve resulted in loss of channel capacities, increased flood
frequencies, and severe damage and destruction of flood plain land.

Prior to 1920, McClellan Creek flowed in a narrow, well defined chanmel.
Farming practices of the 1920's and 1930’'a resulted in increased erosion
rates. The additional sediment introduced into streams of the area
initiated 4 process of chamnel filling and widening. At present, the lower
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FPloodwater damage and sediment deposition on flood
plain land. Channel is filling with sand and widening.

Cx kN

Modern overbank deposttion of coarse
textured sediment on flood plain land.
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Aerial ﬁhotograph showing about two miles of McClellan Creek near
the confluence with North Fork of Red River. View indicates extent

of sediment deposition and channel encroachment on flood plain
land.
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17 miles of McClellan Creek consists of a shallow, braided channel with an
average width of 700 feet and bedload of fine to medium graimed sand. A
rising water table in the flood plain has accompanied aggradation,

Overbank deposition of sediment occurs as deposits ranging in texture from
medium grained sand to silty clay and in depth from 0.5 to 15.0 feet. The
- deeper and coarser textured deposits occur in lower reaches. The average

) thickness of overbank deposition in evaluation reach 1 (figure 1) is seven
feet, and the predominant texture is alightly silty, fine to medium graimed
sand, It i3 estimated that overbank deposition causes loas of productive
capacity on 2,893 acres of flood plain land. The following tabulation
shows this damage by evaluation reaches:

Average Annual Acres Damaged by Overbank Deposition of Sediment

Evaluation: :

Reach Percent Reduction im Productive Capacity : Total

(figure 1): 10 : 20 : 30 : 40 : 50 : 60 : 70 : 90 : Acres

1 0 0 164 166 431 841 209 138 1,949

2 0 0 0 137 0 0 69 o 206

3 51 124 0 98 17 3 0 29 322

4 64 123 0 0 0 0 0 0 187

S 229 0 0 o 0 0 0 0 229
Total '

Acres 344 247 164 401 448 844 278 167 2,893

The average amnual value of this damage is estimated to be $33,453 (table 5),

As stream and flood plain aggradation continue in evaluation reaches 1, 2,
and 3, overbank deposits progress toward the outer edges of the flood plain.
Channel widening, occurring simultaneocusly with this process, converts land
formerly damaged by overbank deposition to stream channel. The net effect

is estimated to be an equal amount of overbank deposition damage annually.
Damage by laad losa due to channel widening is included under Erosion Damage.

Sediment deposited in Lake McClellan 18 estimated to average 35 acre-feet
per year. The estimated average annual value of the damage caused by loss
of storage capacity is 33,500 (table 5).

Altus Reservoir is located downstream from McClellan Creek watershed on
North Fork of the Red River near Altus, Oklahoma., It is estimated that an
average of 22 acre-feet of sediment per year, derived from McClellan Creek
waterghed is deposited in Altus Reservoir. This is two percent of the total
average annual sediment deposition in Altus Reservoir.

Erosion Damage

Upland erosion rates in the wstershed range from low to high. The highest
ratea occur in the escarpment portion of the Central Rolling Plains Land Re-
source Area and average 4.1 acre-feet per square mile annually. The lowest
rates occur in the rolling, sandy portion of the Rolling Plains and in

the High Plains where annual erosion rates are estimated to be 1.0 and
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1.1 acre-feet per square mile, respectively. Of total upland erosionm,
sheet erosion accounts for 83 percent, gully ercosion 12 percent, and
gtreambank erosion 5 percent.

Gully and streambank ercsion account for 23 percent of total upland erosion
in the Central Rolling Plains Land Resource area. A cycle of channel de-
velopment 18 occurring on lateral tributaries. This cycle was preceeded
by a period of pronounced valley filling, as indicated by the thick allu-
vium through which gullies are now advancing. Smooth, grsssed valleys
without channels exist upstream from headcuts. Channel banks are becoming
vegetated rapidly after passage of headcuts.

The main stream, unable to efficiently transport incoming sediment from the
upland, 1is aggrading. The aggradation is a direct cause of severe stream-
bank erosion. As bedload is deposited in the channel, flood flows attack
streambanks with increased force. In the last 45 years, & narrow, well
developed channel in evaluation reach 1 (figure 1) has been transformed in-
to a broad, sand filled, braided channel ranging from 200 to 1,200 feet
wide,

It is estimated that this type of streambank erosion has caused a loss of
820 acres. The process is still active and advancing into evaluation
reaches 2 and 3. The projected land loss by streambank erosion, under
existing conditions, during the next 100 year period is 900 acres in reach
1; 217 acres in reach 2; and 800 acres in reach 3. The average ammual
value of this damage is estimated to be $5,450 (table 5).

The area affected by flood plain erosion is small. Most of the damaged
areas consist of shallow depressions ranging from 50 to 300 feet wide and
are limited to evaluation reaches 3, 4, and 5. It ia eatimated that the
productive capacity of 193 acres is being reduced 10 percent snnuelly by
scour,

Annual recovery from flood plain scour is approximately in balance with new
damage., The average annual value of this damage 1s estimated to be §$58

(table 5).

Problems Relating to Water Management

Surface drainage of agricultural land is not a major problem. However,
flat-bottomed basins or 'playas' with no outlets are located on the plains
surface. Use of these basins for crcp production is very limited becausge
of wetness.

At present about 7,000 acres are irrigated from wells in the watershed.
Water is obtained from the Ogallala formation and is generally of good
chemical quality suitable for irrigatic. .d domestic use.

Sponsoring local organizations expressed a desire for storage of municipal
water supply and water-based recreation. However, inadequate water yield
and poor water-holding potential at reservoir sites prevented development
of these desires.
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3 AGENCIES

McClellan Dam, located neer the central portion of the watershed on
McClellan Cresk, was completed in 1940 for the purpose of water-based
recreation. The lake, with a surface area of 325 ecres snd a cepacity of
4,300 acre-fest, is loceted on 1,449 acres of National Grassland and
operated by the Forest Service, United States Department of Agriculturs.

Altus Reservoir, located about 100 miles downstream from McClellan Creek
watershad near Altus, Oklahoma, was built by the Bureau of Reclamation for
water conservation storage to servs the W. C. Austin project. This project
provides water for the city of Altus, Altus Air Force Base, and the Lugert-
Altus Irrigation District. '

BAS]S P cr v ION

An initial study was made by representatives of the Soil Conservation Servica
and sponsoring local organirations to determine watershed problems and
possible solutions.

Meetings were held with the sponsoring local organizations to discuss sxist-
ing flood snd sediment problems, water and related land resource development
needs, and to formulate project objectives. Watarshed protection, flood
prevention, sediment detention, municipal weter development, and water-based
recreation wers ths primary objectives desired by the sponsors.

The following specific objectivas were agreed to:

1. Establish land treatment meaaures which contribute
dirsctly to watershed protection and flood prevention
and would make the waterahed an outstanding example of
soil and water conservation.

2. Attain a raductiom of 70 to 75 percent in average aonual
flood and sediment damages through installatiomn of
structural works of improvement to supplement land
treatment on the watershed. Approximately 15 potential
structure sites will be investigated in determining the
most feasible system of measures,

3. Investigate the feasibility of including storage of
water for mmicipal and recreational use for Groom
.and McLean in multiple-purpose structures. The water
stored for mmicipal purposss would be used as a
supplemental source to the present supply.

The land trsatment program is to include conversion of some marginal crop-
land to grassland. Shifts of some rangeland and idle channel areas to pro-
duction of hay and forage crops in the flood plain are expected to occur
after structural measures are installed.

In selecting sites for floodwater retarding structures, consideration was
given to locations which would provide the agreed upon level of protsction
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to areas subjact to damage. Tha size, number, design, and cost of structuras
wore influenced by physical, topographic, and geclogic conditions,

The proposed works of improvement including both land treatment and
structural measures meet project objectivas at the least cost in providing
the desired level of protection to agricultural arsas, After full con-
sideration of geologic and hydrologic conditions, the propossd multipls-
purpose sites nos, 2 and 13 were found not to be feasible for storing
recreational and municipal water, This is due to (1) the unfavorable watar-
holding charactsristics of the umderlying formations and (2) inadequate
water yvields in the drainage areas of the structure sites.

BES TMPR: TO BE ]INST.

Land Treatment Measures

Gray County, McClellan Creek, and Donley County Soil and Water Conservation
Districts are aasisting farmers and ranchesrs of the watershed in ths pre-
paration and application of basic s0il and water conservation plans on their
land, Application of measuree in thess plans, based on the use of each acre
within its capabilities and its treatment in accordance with its needs, is
an essential part of a sound program for watershed protection and flood pre-
vention. The extent of needed land treatment measnres which have been
applied to date within the watershed represents an estimated expenditure of
$1,311,341 (table la).

Table 1 includes estimates of the acreage in each major laud use on which
land treatment measures will be installed during the five-year project in-
atallation period. The measures will be established and maintained by land-
ovmers end operatora in cooperation with Gray County, McClellsn Creak, and
Donley County Soll aund Water Conservation Districts.

It is expected that nsarly 1,300 acres will be converted from cropland to
pasture and rangeland. Pasture and hayland planting and pasture and hayland
management will be practiced on most of this land to rednce runoff rates and
protect slopss from rapid ercsion. Some of this land is expected to be con-
verted to rangeland, in which case range seading and range proper use will
be practiced.

Cultivated land will be treated with a combination of meagsures in keeping
with a conservation cropping aystem for soil conditioning and protection from
wind and sheat arosion. Counservation cropping systems in this watershed
include grasses and legumes in rotation, crop residue use, contour farming

on terraced land, fertilizing, and stubble mulching. Terraces provided with
grassed waterwvays or outlets will be installed tc control erosion and retard
runoff from the more rolling areas.

A good base cover of dealrable forage plants will be attained by pastura and
hayland planting and paature and hayland management.

Proper use and deferred grazing will be practiced on rangeland to maintain
adequate cover for soil protection and improve quantity and quality of
desirable vegetation. Rangeland with infestations of woody plants will be
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Excellent grass cover on McClellan Creek
Hational Grasslaend following deferred grazing.

Range seeding of Indiengrass on Bottomland
range site, McClellan Creek watershed.
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Irrigated bermudagrass pasture on McClellan Creek flood plain.

Sub-irrigated native hayland properly managed,
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either bulldozed, root plowed, or sprayed to control brush. Some of these
areas will be seedad with range grassas. Destruction of cover caused by
over-use around present wataring places will be reduced by establishing

farm ponds.

Diversions will be constructed to protect cropland, pasture, and rangeland
from rapid runoff from steeper areas.

In addition, irrigated cropland and pasture will receive the following
treatment: Irrigation land leveling; irrigation systems; irrigation pipe-
line; and irrigation water management. Combined effects of thaae measures
will be reduced aroajon,more efficient use of irrigation water, and in-
creased net income to farm operators.

Ip addition to technical assistance presently available, $19,610 will ba
made available from Public Law 566 funds to accelerate establishment of
land treatment practices and measures. Local people will continue to in-
stall and maintain measures needed in the waterehed after the five-year
installation period.

Installstion of land treatment measures will rednce erosion and increase
infiltration of rainfall as a result of improved ground cover inm cultivated
areas and increased grass density and vigor onm pasture and rangeland. This
makes possible reductions in the following: capacity required for sediment
accummilation in structural measures; floodwater detention storage capacity
provided in floodwater retarding structures; and floodwater and sediment
damages on the flood plain.

Structural Measuresa

A system of 13 floodwater raetarding structures will be imstalled to provide
the needed flood protection in this watershed that cannot be attained by
land treatment measures alome. :

The major factors which will affect conmstruction are: high water tables
with permeable soils in the foundation at most site locatioms; zoning of
available borrow matarial within the embankments for some structures; and
lack of suitable rock rip-rap material within the watershed area.

Location of the atructures is shown on the project map (figura 4), Figure
2 shows a section of a typical floodwater retarding structure. Tables 1,
2, and 3 show the details for quantities, costs, and design information for
each structure.

Total storage capacity of the floodwater retarding structures is 29,497 acre-
feet. Of this, 12,001 acre-feet is sediment storage and 17,496 acre-feet is
detention storage. These structures will detain an average of 1.77 inches

of runoff from 53.5 percent of the watershed. The sediment atorage pro-
vided in the floodwater retarding atructures is for the sediment accumu-
latjion for a 100-year period. Principal apillway crests of the various
structures will be set at the elevation of the 50-year sediment pool. Pools
exceeding 200 acre-feet in capacity will have the principal spillways ported
at the 200 acre-faat elevationm.
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Seversl different types of utility improvements (oil and gas pipelines, oil
wells, telephone and electric power lines, and county roads) ars located
within site pool areas. Some of these facilities will require relocation

or reconstruction.

All applicable State laws will be complied with in design snd construction
of structnral measures.

Total installation cost of the structural measures is estimated to be
$2,152,539 (table 2).

ION OF INST T

The total project installation cost is estimated to be $2,851,415, including
$698,876 for land treatment measures and $2,152,539 for structural measures.
The share from sources other than Public Law 566 funds is estimated to be
$1,007,349 and the Public Law 566 share is estimated to be $1,844,066

{table 1).

Included in the local share of project installation costs sre: $616,948 for
landowners and operators expenses in applying land treatment measures which
include anticipated financial assistance by the Agricultural Conservation
Program and the Great Plains Conservation Program; $62,318 for technical
asgistancs from Public Law 46 funds; $322,483 for land, easements, and
rights-of-way expenses of structural measures; and $5,600 for contracts
administration.

Inclnded in the Public Law 566 share of project installation costs are:
$19,610 for accelerated technical assistance; $1,504,403 for construction;
and $320,053 for installation sexvices of structural measures,.

Cost of applying land treatment practices is based on predent prices being
pald by landowners and operators to establish the measures and were
estimated by sponsoring local organirzations.

Land, easements, rights-of-wsy, and contracts administration costs were
determined by apprailsal in cooperation with representatives of the sponsor-
ing local organizations. These costs include the following: $204,193 for
value of land needed for installatiom of structural measures; $113,090 for
relocation end modification of existing improvements; $5,600 for contract
administration; and $5,200 for valne of legal services,

Relocation and modification of existing improvements imvolve the following:
telephone lines at sites nos. 4 and 6; powsr lines at sites nos. 2 and 13;
pipelines at sites nos. 3, 4, 6, 8, 9, 12, and 13; gas and o0il wells at
sites nos., 4, 6, and 8; Farm~to-Market Road at site no., 2; county roads at
sites nos, 2 and 6; and private roads at sites nos, 4, 5, 6, 10, and 11,

Coustruction costs include the engineer's sstimate and contingencies for
constructing floodwater retarding structures. The engineer's estimates
were based on unit costs of structural messures in similar areas modified
by special conditions inmherent to each individual site location. Included
are such items as permeable foundation conditions, special placement of
embankment material, need for protecting structures from wave sctions, and
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site preparation. Ten percent of the estimate was added as a contingency
to provide funds for unpredictable construction costs.

Installation services cost include engineering and administrative services
involved for installation of structural measures., These estimates were
based on analysis of previous work in similar areas.,

Following is the estimated schedule of obligations for the five-year in-
stallation period., No additional measures are to be applied on the McClellan
Creek Grassland, consequently no funds are included for this purpose,

: : Public : H
: : Law : :
Fiscal : H 566 : Other :
Year @ Measures :___ Punds 3 Funds Total
(Dollars) (Dollars) (Dollars)
First Land Treatment 3,922 135,854 139,776
Floodwater Retarding
Structure Nos, 6 and 7 422,210 55,750 477,960
Second Land Treatment 3,922 135,853 139,775
Floodwatsr Retarding
Structure Nos, 1, 2,
and 5 353,932 134,000 487,932
Third Land Treatment 3,922 135,853 139,775
Floodwater Retarding
Structure Nos., 3, &,
and 8 394,954 82,563 477,517
Fourth Land Treatment 3,922 135,853 139,775
Floodwater Retarding
Structure Nos. 9, 10,
11, and 12 465,768 40,720 506,488
Fifth Land Treatment 3,922 135,853 139,775
Floodwater Retarding
Structure No. 13 187,592 15,050 202,642
TOTAL ' 1,844,066 1,007,349 2,851,415

This schedule may be adjusted from year to year to conform with appropriations,
actual accomplishments, and any significant mutually desirable changes.

EFFECTS OF WORKS OF IMPROVEMENT

Owners and operators of approximately 75 farm and ranch units will be direct-
ly benefited because of reduced flood damages on about 9,412 acres of flood
plain land, including the present channels. This is the area inundated by
an estimated 100-year frequency flood. Irrigation farmers, located in the
vicinity of structures, will benefit from additional ground water recharge
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of the Ogallala formation. Public road and bridge repair and maintenance
expenses in the flood plain will be reduced.

The combined program of land treatment and floodwater retarding structures
will reduce the total average annual acres flooded by 38 percent,

Cumulative totals of average anpual recurrent flooding will be reduced from
3,745 to 1,557 acrea, a reduction of 2,188 acres,

The following tabulations illustrate the acres flooded by storms of specified
frequencies without the project and with the complete project installed.

: potimated Acres Inundeted by Specified Frequency 1/
Evaluation: 26-Year S5«Yaar : 2-Year

Reach : Without : With : Without : With : Without : With
(Figurae 1)}: Project : Project : Project : Project : Project ¢ Projlect

1 2,036 1,170 1,661 624 1,238 507
2 260 41 208 35 87 22
3 1,228 520 1,013 376 575 X0
4 469 392 417 358 7l 304
5 1,745 1,000 1,598 721 930 bid
TOTAL 5,738 3,123 4,897 2,114 3,201 1,377

1/ Excludee stream channel.

After installation of the project, the area inundated by runoff from the
26-year frequency storm will be raduced to a size smaller than the area in-
undated with an occurrenca of a 2-year frequency event withou the project
installed.

The direct floodwater damages resulting from an eatimated 26-year frequency
flood will be reduced from about $70,979 to an estimated $14,381. The
project will reduce the damages for a 5-year frequency flood from $28,968
to about $7,105

Land treatment and structural measuras will reduce 11 of tha 15 mejor floods,
that are estimated to occur during an average 26-year period, to mimor flooda.
In addition, flooding will be eliminated or greatly reduced from the 18 minor
flood producing storms thet are expected to occur during the evaluation
period.

The average anmual volume of damaging sediment depoaited upon the flood
plain will be raduced an estimated 86 percent. About 22 percent of the
reduction will result from installation of laend treatment.

A 100 percent reduction in the net loss of flood plain land due to stream-
bank erosion is expected to result from inetallation of the floodwater
retarding structurea., It is estimated that a gradual change to bayland will
occur on about 655 acree of flood plain land that have already bean captured
by the channel because of stresmbank erosion. This erosion has rasulted
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from chamnel aggradation. After project imnstallatiom slight channel
degradation is expected to occur.

About 781 acres of present rangeland in the flood plaim will be restored to
its former use of hay and forage production. An additional 253 acres will

be changed from rangelamd to native hayland.

Application of the land treatment program will result in a shift of about
1,294 acres of margimal cropland in the upland areas to grasslamd.

Average amnual gsedimeat deposition im Lake McClellan will be reduced from
35 to 19 acre-feet. The average annual sediment yield to the Altus Reser-
volr, from this watershed, will be reduced from 22 to 8 acre-feet.

Studies conducted jointly by the Soil Comservation Service and the Bureau
of Reclamation show that immediately after installation of the project, the
average annual yield of water from Altus Reservoir could be reduced by an
estimated waximum of 840 acre-feet. By the year 2000 the reduction could
decline to am estimated maximum of 610 acre-feet snnually as a result of
expected gsediment accumulation in the planned floodwater retarding struc-
tures. The present worth value of the reduction in water yield is esti-
mated to average $27,837 annually and is shown as "Other Economic Costs" im
table 4.

Bank cutting during flood flows results in wide, sand filled streambeds
where large amounts of water are consumed by brush and other low value veg-
etation. Installatiom of floodwater retarding structures will result in
parrower stresm chamnels and decreaged water losaes.

Floodwater retarding structures will cauge an additional 186,000 acre-feet
of water to enter the Ogallala ground water formation during the 100-year
period of project life.

The pools of reservoirs will provide additional livestock water in some
areas of the watershed.

The sediment pools of at least six floodwater retarding structures will
provide excellent opportunities for water-based recreation such as fishing,
ewimming, hunting, and picnicking. These pools, expected to be open for
public use, will be enjoyed by am estimated 3,000 people resulting in about
20,000 visitor days use by the gemeral public annually. Most of the usage
will occur from May through September, but some use will be made of the
facilities throughout the year,

The effects of the works of improvement on fish and wildlife habitat are
described by the Bureau of Sport Fisheries and Wildlife as follows:

"Construction of 13 floodwater retarding reservoirs in the watershed
would provide additiomal fish habitat, If thege reservoirs are properly
managed and opemed to the public for fishing, they would be fished heav-
ily, These structures should also serve to prolong the useful life of
Lake McClellan by reducing the amount of siltation accruing in that body
of water. Silt reduction would benefit fish habitat,
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The floodwater retarding structures would make available more perma-
nent water and reduce flood damage to wildlife habitat downstream
from the dams. The reservoirs also would provide resting habitat
for migrating waterfowl.

The application of land treatment measures generally would improve
. wildlife habitat in the watershed. The stirring of soils would
- stimulate weed production which would be beneficial to bobwhites,
scaled quail, and other seed-eating birds.

The proposed works of improvement are expected to have no effect
on lesser prairie chickens, If they were present, they would be
benefited by the increased permanent water and land treatment
measures contemplated.

Brush control and clearing done im connection with construction

of the floodwater retarding dams and reservoirs would destroy badly
needed wildlife food and cover plants. This is a particular con-
cern in view of the expanding wildlife populations in the watershed,"

The project will create some additional employment opportunities for local
residents. Employees will bé needed for comstruction and for operation and
maintenance of the structural measures., Secondary benefits, including in-
creased buginess activities and improved economic conditions will result
from the project. Local businesses will benefit from sales and services
aggsociated with more uniform production and marketing of agricultural
goods. Sales of items needed for more water-based recreation activities
will be stimulated.

PROJECT BENEFITS

Total average annual project benefits are estimated to be $160,423 dis-
tributed as follows:

Benefits Dollars
Damage Reduction 70,805
Changed Land Use 17,789
Incidental 58,781
Altua Reservoir ' 1,091
Secondary 11,957

Application of land treatment measures will result in about $10,578 average
annual benefits and the remaining $149,845 will result from installation of

structural measures.

The estimated average annual monetary floodwater, sediment, erosion, and in-
- direct damages within the watershed will be reduced from $82,921 to $12,116
by the proposed project. This is a reduction of 85 percent. O0Of the
$70,805 damage reduction benefits attributable to the project, $60,460 re-
- sults from the installation of structural measures and $10,345 results from
the application and maintenance of needed land treatment measures.

It is estimated that the net incregse in income from restoration of former
productivity will amount to $14,823 annually, This loss from the original
production has been included in crop and pasture damage and its restoration
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a benefit in table 5.

Reduction in monetary flood damages and resultant benefits vary with re-
spect to location within the flood plain. The following tabulation shows
the general location of damage reduction benefits within the watershed at-
tributable to the project.

Average Annual Damages and Benefits (Dollars)

Evaluation: Danages : Benefits
Reach : With : With : From : Prom :
Number : Without Land : Total : Land tStructural: Total

L T

(figure 1): Project :Treatment: Froject :Treatment: Measures

1 64,463 55,712 6,634 8,751 49,078 57,829
2 2,774 2,582 61 192 2,521 2,713
3 7,244 6,570 1,465 674 5,105 5,779
4 4,714 4,214 2,564 500 1,650 2,150 -
5 3,726 3,498 1,392 228 2,106 2,334
Total
Watershed 82,921 72,576 12,116 10,345 60,460 70,805

It is estimated that the net increase in income resulting from changed land
use will amount to $17,789 annually.

Benefits from incidental recreational use of the sediment pools of the
floodwater retarding atructures are estimated to be $7,607 anmually. This
is based on a gross value of $0.50 per visitor day, less associated costs,
and discounted for the estimated useful life of the pools for recreational
purposea.

The monetary value of the incidental ground water is estimated to be
$50,443 annually.

Additional livestock water that will result incidental to project installa-
tion is estimated to have an anmual value of $731.

Benefits averaging $1,091 annually will accrue to the project from reduction
in gsediment deposition {n Altus Reservoir. Of this amount, $858 will accrue
to planned structural measures and $233 to land treatment measures.

It is estimated that the project will produce local secondary benefits aver-
sging §$11,957. Secondary benefits from a national viewpoint were not con-
gldered pertinent to the economic evaluation.

None of the counties within which the watershed is located have been desig-
nated as eligible for assistance under the Area Redevelopment or E£conomic
Development Acts. Consequently, no redevelopment benefits were considered,

The total annual benefits accruing to structural measures are estimated to
be $149,845. In addition to the monetary benmefits, there are other substan-
tial benefits which will accrue to the project such as an increased sense of
security, better living conditions, and improved wildlife conditions. None
of these benefits were evaluated in monetary terms nor have they been used
for project justification.
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COMPARISON OF BENEFITS AND COSTS

Average annual benefits, excluding secondary benefits, which will result
from installation of structursl measures are estimated to be $137,888,
Total average annual project costs are estimated to be $103,415, Of this
amount, $75,578 {s for installation and operation and maintenance of struc-
tural measures and $27,837 is the estimated other economic costs resulting
from project development. The benefits will be about $1.33 compared to
each dollar of cost.

Total average annual bemefits, including secondary benefits, are estimated
to be $149,845, giving s benefit-cost ratio of l.4:1 (table 6).

PROJECT INSTALLATION

Planned land treatment (table 1) will be established by farmers and
ranchers during a five-year period im cooperatiom with Grsy Coumty,
McClellan Creek and Donley County Soil and Water Conservation Districts.
Approximately 65 percent of the land is adequately treated and is being
maintsined. The goal {s to increase the level of land adequately treated
to 90 percent during the installation period.

In reaching this goal, {t is expected that accomplishments will progress as
shown in the following table.

: Flscal Year
Land Use : lat 3 2nd : 3rd : 4th : 5th

LT

Total

(acres) (acres) (acres) (acres) (acres) (acres)
Cropland 2,875 2,875 2,875 2,875 2,874 14,374
Pasture 133 133 133 133 133 665
Rangeland 8,573 8,573 8,573 8,573 8,572 42,864
Total 11,581 11,581 11,581 11,581 11,579 57,903

Technical assistance in planning and application of land treatment is pro-
vided under the going programs of the districts. A standard soil survey is
complete for the entire watershed.

The governing bodies of Gray Coumty, McClellan Creek, and Domley County
Soil and Water Conservation Districts will assume aggressive leadership in
getting an accelerated land treatment program underway.

Landowners and operators will be encouraged to apply and maintain soil and
water conservation measures on their farms snd ranches. District-owned
equipment will be made available to lamdowmers in accordance with existing
agreements for equipment usage in the districts. The Soil Conservatiom
Service will provide additional technical assistance in accelerating the
plenning and application of soil, plant, and water conservation measures.

The Extension Service will assist with the educational phase of the program
by conducting general information and local farm meetings; preparing radio,
television, and press releases; and using other methods of getting informa-
tion to landowners and operators in the watershed.
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Commissioners Courts of Carson and Gray Counties have the right of eminent
domain under applicable State law and have financial resources to fulfill

their responsibilities.

The Commissioners Court of Carson County will obtain necessary land, ease-
ments, and rights-of-way and permits for floodwater retarding structure
no. 1, These will then be dedicated to Carson County and McClellan Creek
So0il and Water Conservation District.

The Commissioners Court of Gray County will obtain the necegsary land,
easements, and rights-of-way and permits for floodwater retarding structures
nos. 2 through 13. These will then be dedicated to Gray County and Gray
County Soil and Water Conservation District.

Commissioners Courts of Carson and Gray Counties will:

l. Determine legal adequacy of easements and permits for
construction of structural measures.

2. Provide for relocation or modification of utility lines
and systems, roads, and privately owned improvements
necessary for installation of structural measures and
provide for necessary improvement of bridges and low
water crossings on public roads to make them passable
during prolonged release flows from structures or permit
inundation of such roads and bridges where equal alternate
routes are designated for use during periods of inundation.

The Commissioners Court of Gray County will provide necessary legal,
administrative, and clerical personmel, facilities, supplies, and equipment
to advertise, award, and administer contracts and be the contracting agency
to let and service contracts for all structural measures.

Technical assistance will be provided by the Soil Conservation Service in
Preparation of plans and specifications, supervision of construction, pre-
paration of contract payment estimates, final inspection, execution of
certificate of completion, and related tasks necessary to install planned
structural measures.

The floodwater retarding structures will be constructed during a five-year
installation period in the general sequence as follows:

First Year - Nos., 6 and 7
Second Year - Nos., 1, 2, and 5

Third Year - Nos. 3, 4, and 8
Fourth Year - Nos. 9, 10, 11, and 12
Fifth Year - No. 13

FINANCING PROJECT INSTALLATION

Federal assistance for installing works of improvement described in this
plan will be provided under the authority of the Watershed Protection and

A-—24189 B5-67




Flood Prevention Act (Public Law 566, 83rd Congress; 68 Stat. 666) as
amended.

Funds for local share of costs for structural measures will be available
from tax supported revemue of Carson and Gray Counties.

It is anticipated that approximately 80 percent of easements will be don:
Out-of -pocket costs for land, ecasements, rights-of-way, legal expenses, ¢
administration of contracts are estimated to be $130,000.

Sponsoring local organizations do not plan to use the loan provisions of
the Act.

Great Plains Conservation Program of the Soil Comservation Service and th
s80il and water conservation loan program of the Farmers Home Administrati
is available to all eligible farmers in the watershed. Educational meeti
will be held in cooperation with other agencies to outline services avail
able and explain eligibility requirements. Present FHA clients will be
encouraged to cooperate in the program.

County Agricultural Stabilization and Conservation committees will contin
to provide finmancial assistance for selected conservation practices.

Structural measures will be constructed during the five-year installation
period pursuant to the following conditions:

1. Requirements for land treatment in drainage areas of
floodwater retarding structures have been met,

2. All lands, ecasements, rights-of-way, and permits have
been obtained for all structural measures or a written
statement furnished by Commissioners Courts of Carson
and Gray Counties, that their right of eminent domain
will be used, if needed, to secure any remaining land,
easements, or rights-of-way within the project installation
period and that sufficient funds are available for purchasing
them.

3. Court orders have been obtained from appropriate
Commissioners Court of Carson and Gray Counties
showing that county roads affected by sediment and
detention pools of floodwater retarding structures
will be either relocated or raised at no expense to
the Federal Government, closed, or permission granted
to temporarily inundate the roads, provided alternate
routes are available.

4. Provisions have been made for improving low water
crossings or bridges and/or culverts on public roads
or court orders or necessary permits given to temporarily
inundate the crossings, providing equal alternste routes
are available for use by all people concerned, during
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periods when these crossings are impassable due to
prolonged flow from the floodwater retarding atructures.
1f equal alternate routes are not available, provisione
will be made at no cost to the Federal Government, to
make crossings passable durimg periods of release flow
from structures.

5, Utilities, such as power lines, telephone lines, and
pipelines, have bean relocated or permission obtained
to immdate the properties inovolved.

6. The contracting agency is prepared to discharge its
reaponsibilities.

7. Project agreements have been executed,
8. Operation and maintenance agreements have been executed.

9, Public Law 566 funds are available.

Various features of cooperation between the cooperating psrties have been
covered in appropriate memoranda of understanding snd working agreements.

P S QPERATION D NANCE
el £ Adures

Land treatment measures on privately owned land will be maintained by land-
owners and operators of the farms and ranches on vwhich the measures sére
applied under agreememnt with the Gray County, McCellan Creek, and Donley
County Soil and Water Conservation Districts, Representatives of the soil
conservation districts will make periodic inspections of the land treatment
measures to determine maintenance peeds and encourage landowners and operators
to perform maintenance. They will make district-owned equipment available

for this purpose in accordance with existing working agreements. The Forest
Service will continue to maintain measures installed on the National Grass-

land,

Structural Measures

Ploodwster retarding structure no. 1 will be operated and maintained by the
McClellan Creek Soil and Water Conservation District and Carson County
Commissioners Court. Floodwater retarding structures nos. 2, 3, 4, 3, 6, 7,
8, 9, 10, 11, 12, and 13 will be operated and maintained by Gray County Soil
and Water Conservation District and Gray County Commiesioners Court.

Specific operation and maintenance agreements will be executed prior to
issuance of invitations included in the work plan.

Average annual value of operation and maintenance expenses is estimated to
be $2,650 for all 13 floodwater retarding structures.

Maintenance will be accomplished through use of contributed labor and
equipment, by contract, by force account, or by & combination of these
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methods. Operation and maintenance expenses will be paid out of the
General Funda of Carson and Gray Coumties, Each year the Commissioners
Courts of Carson and Gray Countias will budget sufficiemt funds for
operation and maintenance of the structnral worke of improvement.

Structural measurss will be inspected jointly, at least annually and after
each heavy stream flow, by representatives of the sponsoring local organi-
rations. A Soll Conservation Service representative will participate in
these inspectioms for a period of, at least, thres years following con-
atruction of each floodwater retarding structure. The Soil Comservation
Service may make other inspections thereafter as it elects to do ac.

The Soil Comservation Servics will assist in operation and maintanance only
to the extent of furnishing technical guidance,

For floodwater retarding structures items of inspection will include, but
will not be limited to, condition of principal spillways, earth fille,
amergency spillways, vegetative cover, fences, gates, and amount of vege-
tative growth in reservoirs. These items listed are those moet likely to
require maintenance.

Provisions will be made for unrestricted access of representativea of the
sponsoring local organizations and the Federal Government to imspect tha
structural measuree at any time snd for sponsoring local orgamizations to
operate and maintain the structures,
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TABLE 1 - ESTIMATED PROJECT INSTALLATION COST
McClellan Creek Watershed, Texsas
T : : No, to be :_Estimated Cost (Dollars) l{_
: :__Applied :Public Law : :
Installation : : Non-Faderal: 566 : Other :
- Cost Items :Unit : Land 2/ : Junds : _Funds Total
LAND TREATMENT
Cropland Acre 14,374 - 409,035 409,035
Pasture Acre 665 - 20,615 20,615
Rangeland Acre 42,864 - 187,298 187,298
Technicsal
Assistance 19,610 62,318 81,928
TOTAL LAND TREATMENT 19,610 679,266 698,876
A e T A ———
STRUCTURAL MEASURES
Floodwatar Retarding
Structures No. 13 1,504,403 - 1,504,403
Subtotal - Construction 1,504,403 - 1,504,403
Installation Services
Engineering Services 190,874 - 190,874
Other 129,179 - 129,179
Subtotal - Installation Services 320,053 - 320,053
Othar Cosats
Land, Easements, and Rights-of-Way - 322,483 322,483
Administration of Contracts - 5,600 5,600
Subtotal - {ther - 328,083 328,083
TOTAL STRUCTURAL MEASURES 1,824,456 328,083 2,152,539
M
TOTAL PROJECT 1,844,066 1,007,349 2,851,415

o S —
1/ Price Bage: 1966

2/ Por Land Treatment: Acres to be treated during installation period.

January 1967
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TABLE 1A - STATUS OF WATERSHED WORKS OF IMPROVEMEWT
(at time of work plam praparatiom)
-, McClellan Craek Watershed, Texas
: : : Estimated Coat (Dollars) 1/
H ¢ Nomber : Non~- : H
" : : Appliad : TFadaral : Pederal :
Messures : Unit : To Datae : Land H Land : Total
LAND

S50il Conmervation Sarvica

Coneservation Cropping System Acre 55,36 446,508 - 446,508
Grassed Watarway or Outlat Acre 195 28,375 - 28,375
Tarraca Foot 215,614 15,084 - 15,084
Diversion Foot 423,061 80,961 - 80,961
Irrigation Watar Management Acra 7,011 21,033 - 21,00
Irrigation Land Leveling Acra 88 6,160 - 6,160
Irrigation System No. 40 160,000 - 160,000
Irrigation Pipaline Poot 108,739 177,909 - 177,909
Paature and Hayland Management  Acre 3,469 4,922 - 4,922
Paaturs and Hayland Plantinog Acre 1,467 28,455 - 28,455
Range Proper Taa Acra 98,260 215,744 - 215,744
Range Seading Acra 3,3 64,341 - 64,341
Brush Control Acre 3,276 14,742 - 14,742
Fatm Poad No, 5] 42,400 - 42,400
Soil Conservation Service - Subtotal 1,306,634 - 1,306,634
Poreat Service

Divarsion Foot 916 - 147 147
Range Proper Use Acra 1,073 - 1,341 1,341
Range Defarred Grazing Acre 1,073 - 3,219 3,219
Forast Service - Subtotsl - 4,707 4,707
TOTAL 1,306,634 4,707 1,311,341

1/ Price Basa: 1966

Jarmary 1967
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36
TABLE 4 - ANNUAL COST
McClellan Creek Watershed, Texas
{Dollars)
: Amortization : Operation : H
: of : and : Other :
Evaluation Unit : Igatallation : Maimtenance : Ecomomic : Total
: - Cost 1/ :  Cost 2/ : Cost 3/ :
Floodwater Retarding
Structures Numbers
1 through 13 72,928 2,650 27,837 103,415
TOTAL 72,928 2,650 27,837 103,415

1/ Price Base: 1966 prices amortized for 100 years at 3.

2/ Adjusted mormalized prices.

3/ Estimated reduction of irrigatiom water yields to W.
Project, Oklahoma.
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i TABLE 5 - ESTIMATED AVERAGE ANNUAL FLOOD DAMAGE REDUCTION BENEFITS
McClellan Creek Watershed, Texas
‘ (Dollars) 1/
: Estimated Average :
H Amnual Damages ¢ Damage
Itenm : Without :  With ¢ Reduction
: Project : Project : Benefits
Floodwater
Crop amd Pasture 22,042 3,880 18,162
Other Agricultural 7,164 1,554 5,610
Nonagricultural (Road and Bridge) 3,715 832 2,883
Subtotal 32,921 6,266 26,655
Sediment
Overbazk Depositiom 33,453 2,823 30,630
Lake McClellan 3,500 1,960 1,600
Subtotal 36,953 4,723 32,230
Erosion
Streambank 5,450 0 5,450
Flood Plaia Scour 58 25 33
Subtotal 5,508 23 5,483
Indirect ' 7,539 1,102 6,437
TOTAL 82,921 12,116 70,805

1/ Price Base: Adjusted normalized prices.
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INVESTIGATIONS AND ANALYSES

Land Use and Treatment

The status of land treatment for the watershed was developed by the Graj
County, McClellan Creek, and Donley County Soil and Water Conservation
Districts assisted by personnel from the Soil Conservation Service at
Pampa, Panhandle, and Clarendon. Conservation needs data were compiled
from existing conservation plans within the watershed and expaned to re-
Present comservation needs of the entire watershed. Tbe quantity of eac
land treatment practice, or combination of practices, necesssry for
essential conservation treatment was estimated for each land use by capa
bility class. Acres, by land use, to be treated during the project in-
stallation period were estimated (table 1), Rydraulic, hydrologic, sedi
mentation, and economic investigations provided data as to effects of la
treatment measures inm terms of reduction of flood damage. Although
measurable benefits would result from application of planned land treatm
measures, it was apparent that other flood prevention measures would be
required to attain the degree of watershed protection and flood damage
reduction desired by local people.

Present hydrologic soil and cover conditions were determined by detailed
mapping of a 19 percent sample of the contributing portion of the water-
shed.

Present hydrologic cover conditions for pasture and rangeland were de~
termined on the basis of the percentage of desirable vegetative ground
cover and litter. On cropland, hydrologic cover conditions were determii
after consultation with local Soil Conservation Service personnel concer
ing crops grown and rotations followed.

Future hydrologic cover conditions were estimated on the basis of expects
percentage of needed land treatment to be applied during the installatior
period and the probable effectiveness of this application.

Engineering Investigations

A study was made of the watershed to determine where structural measures
could be used and, if by including them in the plan, the project objectiv
for flood prevention and water storage for municipal and recreation use
could be attained. The procedure used in making that determination was a
follows:

1. A base map was prepared to show the watershed boundary,
drainage pattern, system of roads and railroads, and other
pertinent information.

2. A study of aerial photographs and U. S. Geological Survey
Quadrangle maps supplemented by field examinations indicated
locatione of probable sites for floodwater retarding
structures. By making a stereoscopic study of aerial
photographs and quadrangle maps, supplemented by field
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examination, it was possible to eliminate those sites
which did not have sufficiant available atorage capacity.

The watershed map, showing all poasible eite locations
which might be used to develop a system of atructural
meagsures that would meat project objectives, was submitted
to spousoring local organizations. The sponsors provided
deta on ownership of land apparently involved in eech aite
end cost estimates on necessary eaeements,

Based on apparent phyaical, economic, and easement feasi-
bility, the sponsoring local organizations and Seoil
Consexvation Service agreed that fifteen possible sita
locatione for floodwater retarding structures would be
investigated., Two of theae sites (numbers 2 and 13) were

to be considered for extra storage of water for recreational
development and municipal use, Municipalities expressing
an interest in these multiple-purpose nses were Groom and
McLean, Texas.

Permeability tests indicated that sites nos. 2 and 13 de
not offer suitable storage potential without treatment
to seal the reservoirs. Cost for sealing 18 excessive
and it is anticipated that coet of maintaining the seal
would be high.

Ragservoir operation studies indicated that storage for
mmicipal water supply would not be a reliable source of
water during the critical drought peried. This was due
to the inadequate water yleld end poor water holding
potantial at reservoir sites.

The drainage area of aite 5 hae a higher sediment pro-
duction rate than any area of comparable size in the
watershed. Active headcuts have advanced into the uppar
raaches. Although rapid natoral revegetation and flatten-
ing of elopes are occurring on atreasmbanks downstream from
headcute, theee banka have not become stabilized. Sevaral
mechenical methods of treatmeut, in combination with land
treatment, were considered. Shaping, seeding, and fencing
was the first alternative considered. The estimated in-
atallation and maintenance costs, with allowance for
climatic limitations, were excessive., The next alternative
was a syetem of three grade stabilization and eediment
control structurea. Based on detailed surveys, the estimated
cost of three such etructures wes excessive. The high cost
was a result of each structure exceeding design criteria for
small dams and exorbitant maintenance requirements for
emergency spillways in highly erodable soils where the
frequency of use exceeds once in 25 years.

Because of the staepness of the etream gradient and the
high rate of headcutting, there wes little assurance that
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gully erosion above these sites would be reduced
appreciably. The final altsrnative, the one selected,
wad one floodwater retarding structure at the lower
- extremity of the high sediment source area, Thie etructure will
' have little or no effect on upstream erosion but will
trap nearly all the sediment yield from its drainage
- area.

6. Each site location was classified for limiting design
criteria according to damage that would result from a
breach of the embankment. All structures were claasified
as "a",

7. A topographic map of each aite was developed to cover
pools, dam, and emergency spillway areas. These maps
and related surveys provided necessary information to
determine if the required sediment and floodwater
detention storage capacity could be obtained, limit
of the pool areaa, estimated installation costs, and
the wost economical deaign for each structure.

8. Sediment and floodwater storage, atructure clsesification,
sud emergency spillway layout and design meet or excead
criteria outlined in Engineering Memorandim SCS-27 and
Texas State Manual Supplement 2441.

Multiple routings of frseboard hydrographs were made to
determine spillway proportion and height of dam which
would result in the most economical and feasible deeaign

of structures. Plana of a floodwater retarding structure,
typical of those planned for this watershed is illustrated
by figure 2.

9. A detail investigetion was made of State, county, and farm
roads having croseings on streams below floodwater reterd-
iug etructures,

A detail inveatigation alsc was made to see what effact
floodwater retarding structures would have on State
Highways above sites,

10, Structure data tables were developed to show the follow-
ing for each structure: drainage area, capacity needed
: for floodwater detention and sediment storags; release
! rate of principal epillway; acres inundated by sediment,
sediment reserve, and detention pools; volume of f1ill
in dam; estimated costs of the structure; and other
pertinent data (tablee 2 and 3).

Foundation inveatigations showed a majority of the
structures required either abutment drains, foundation
drains, smbankment drains or a combination of thesa
drains to insure stability of the exbankmente.
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All the floodwater retarding structurea were planned
with reinforced concrete principal spillways which
will drain the detention pool after inflow ceases in
"t 10 days or less. Plunge basins were planned at the
* terminal end of each principal spillway to de-energize
the velocity of the release floodwatera.

When the structurel measures for flood prevention had been determined, a
table was developed to show the totsl cost of each structure (tabla 2).

A second cost table was developed to show separately the amnual installation
cost, annusal maintenance cost, and total annual cost of structural measures
(table 4).

Hydraulic and Hydrologic Investigations

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

1, Basic meteorologic and hydrologic data were tabulated
from U. S. Weather Buresu climatological Bulletins for
the rainfall gage at Pampa and Shamrock, Texas, and U, S.
Geological Snrvey Water Supply Papers for stream gage
data. These data were analyzed to determins seasonal
distribution of precipitation, rainfall-runoff relation-
ships, and monthly runoff volumes.

2. The present hydrologic conditions of the watershed were
determined on the baais of cover conditions, land use
and treatment, soil groups, and crop distribution. The
sverage condition II curve number of 78 for the hydrologic
soil-cover complex was determined from a 19 percent sample
of the watershed.

The future project conditions were determined by analyzing
results of land treatment and structure location that would
be applied during the installation period. This study
revealed that an average condition II curve mumber of 77

is applicable.

3. Engineering surveyas were made of valley cross-sections,
high water marks, bridges, and other features pertinent
in determining the extent of flooding. The cross-sections
were selected to represent stream hydraulics and flood

! plain aree, and final locations were made after joint
study with the economist and geologist.

4. Croses-saction rating curvas for McClellan Creek were
developed from field survey data collected in 3, sbove,
by water surface profilss using the computer aervice at
the Fort Worth E&WP Unit,
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Stage-area inundated curves were developed from field survey dats
for each portion of the valley represented by a cross-section.
Area inundated data by incremental depths of flooding were de-
veloped for each evaluation reach, using runoff-peak discharge
relationship for storms in the evaluation series,

Present and project conditiom rumoff-dischsrge relationships were
determined by flood routing the 3.30 inch rainfall, 48-hour dura-
tion. Pregsent and project condition peak discharges were then
determined for the rainfall events of the evaluation series.

Routings and hydrograph development were made by use of the
IBM 7090 computer, as described in Technical Release No. 20,
Project Formulation.

Determinations were made of the area that would have been inun-
dated by storms of the evaluation series under each of the fol-
lowing conditions:

a. Without project condition.

b. Instsllation of land treatment measures for water-
shed protection.

¢, Installation of land treatment and structural mea-
sures.

From a tabulation of cumulative departure from normal precipitationm,
the period 1940 through 1965 was determined to be representative of
the mormal precipitation on the watershed, and is the period from
which the historical evaluation series was developed. The largest
storm in the series approached the 26-year frequency atorm for the
watershed.

The maximum release rates for the principal spiliways of the flood-
water retarding structures were designed to drawdown the detentiom
pool volume in 10 days.

The appropriate emergency spillway and freeboard design storm
were gelected in accordance with criteria comtained in NEH,
Chapter 21, Section 4, Hydrology, Part 1 - Watershed Planning.

Coordinated studies were made jointly by the Soil Comservation
Service and the Bureau of Reclamation to determine the total ef-
fect of the installation of the i3 planned floodwater retarding
structures upon water yields from Altus Reservoir. The Soil
Conservation Service made reservoir operation studies of the
pianned floodwater retarding structures according to procedures
outlined in Chspter 2, Texas Engineering Handbook, Section 4,
Hydrology. The Service and the Bureau jointly made studies to
determine the effects of the floodwater retsrding structures
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upon the inflow to Altus Reservoir, The Bureau made reser-
voir operation studies to determime the effects upon the
yield of water from Altus Reservoir. The Service and the
Bureau concur in the results of these studies.

Sedimentation ;nvestigationég

Sedimentation investigations were made in accordance with procedures as
outlined in Guide to Sedimeuntation Investigations, South Regionkl Technical
Service Area, March 1965, Fort Worth, Texas; Technical Release No. 17,
"Geologic Imvestigatious for Watershed Planning', March 1966; Technical Re-
lease No. 12, '"Procedure for Computing Sediment Requirements for Retarding
Reservoirs', September 1959; and Technical Release No. 25, "Planning and
Design of Open Channels', December 1%64.

Sediment Source Studies

Sediment source studies to determine 100-year sediment storage requirements
were made in drainage areas of the hirteen plaunned floodwater retarding
structures. Detailed investigatiouns were made in five of these drainage
areas. Investigations on the Southern High Plains were done on the basis
of a 15 percent sample. Estimstes of sediment production rates for the
eight structures not studied in detail were based on data gathered in de-

talled investigations.

The five detailed investigations and computations included:

1. Mapping soils by units, percent slope, length of slope, land .
use, cover condition classes on rangelend and pasture, land
treatment on cultivated land, and land capability classes.

2. Measuring lengths, widths, and depths, and estimating rates
of amnual lateral erosion of all gullies and stream channels
affected by erosion.

3. Studying old aerfal photographs and making field measurements
of widths and depths of overfalls to determine average an~
nual headward erosion of gullies,

4. Computing average annual erosion by sources (Sheet, gully,
and streambank). The soil loss equation by Musgrave was
used {n sheet erosion computation.

. Field studies and computations for the eight planned structures not sur-
veyed in detail included:

’ 1. Mapping land use.

2. Studying soils, geology, topography, and erosion for comparison
to drainage are&as surveyed in detail. :
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3. Computing average annual erosion based on erosion
rates of deteiled areas.

4. Making detailed studies and computetions of gully and
streambank erosion where these are significant sourcss

of sadiment.

Estimates of snnual gross erosion reflect the effect of expected land
treatment on drainsge ereas of planned structures. A gredual improvement
of watershed conditions is expected as a result of inastallation of planned
land treatment measuras.

Sediment storage raquirements for planned structures were determined by
adjusting total average annual erosion for expected sedimant delivery
ratios and trap efficiency. Allowance was mada for the difference in
density of soil in place and sediment submerged in pools of floodwater re-
terding structures. Based on the unit dry weight of upland soil samples

in the watershed and submerged cediment samples in the vicinity, estimated
volume weights ranged from 81 to 90 pounds per cubic foot for soil in place
and 49 to 75 pounds per cubic foot for submerged sediment. At structure
sites where the snticipated sediment yield 1is to be derived from tha fine
textured soils of the Righ Plains and portions of the escarpment area, the
lightar volume weights were used. The heavier volume waights wers used for
structurs sites with drainage arees of coarse textured solls.

Allocation of ssdiment to the pools of floodwater retarding structures was
based on 68 to 85 percent deposition in sediment and ssdiment reserva pools
snd 15 to 32 percent in datention pools.

Flood Plain Sediment and Scour Damages

The following investigations and computations were made to determine ths
nature and extent of physical damage to flood plain lands and the effect of
the project on thsse damages:

1. Borings were made along valley cross-sections (figure 1).
Factors such as depth and texture of sediment deposits,
depth to ths water table, soil condition, depth end width
of scoured areas, chamnel degredatiom or aggradation, and
channel bank erosion were recordsd.

2. The elevation of the original flood plain befors modern
deposition began was estimated for each valley cross-
section.

3. Estimates of past rates of land loss by channel widening
and other physical flood plain damage were obtained through
interviews with landowvners and operators.

4. A damage table was developed to show percent damage by
texture and depth increment for sediment and by depth
and width for scour. Due consideration was given to
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agronomic and land treatment practices, soils, crop
yields, and land capabilities in assigning damages.

. 5. The depth and width of modern alluvial deposits and
4 scoured areas were measured and tabulated.

6. The damage areas were grouped by segments., Within
each segmont the araa for aach dapth increment of
deposition and scour was computad.

7. Damage to productive capacity of flood plain land was
sssessed, by percent, for each computed damage area.

8. Sediment and scour damagas were summarized, by evaluatiom
reachas, for the entire flood plain and adjusted for
recoverabllity of productive capacity. Estimates of
recoverability of productive capacity were developed
from field studies and interviews with farmers and
ranchers,

9. The average annual sediment yield frow each source (sheet
erosion, gully erosion, streambank erosion, and flood
plain scour) was astimated based on detailed sediment
source studies and scour damage investigatioms. Sediment
yields to evaluation reaches were computad for without-
project conditiona, with land treatment measures applied,
and with the combinad program of land treatmant and
structural measuree installad.

Reduction in sediment yield was adjusted to reflect the
relative importance of each sediment source as a
contributor of damage. Reduction of monetary damagas
from overbank deposition was based on the reduction of
area inundated by floodwater and reduction in damaging
sediment yield.

10. Estimates of reduction of scour damage due to installation
of the project were based on reduction of depth and area
inundated by floodwater.

Reservoir Sedimentation

Studies of sediment sources in McClellan Creek waterehad were usad as a
. basis for estimating the effects of the project on sediment daposition in
. Lake McClellan and Altns Reservoir. Sediment dalivery ratios were estimat-
ed by sources, making allowances for such factors as size, shape, topo-
graphy, and relief-length ratio of the watarehed; density, drainage pattern,
< gradient, and capacities of channels; and taxture of sediment.

The average anmual eediment yield to Laka McClellan is expected to ba re-
duced from 35 to 19 acre-feet as a result of installation of land treatment
measures and floodwater retarding structures nos. 1 and 2.
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McClellan Creek watershed constitutes 10 percent of the drainage area of
Altus Reservoir. The estimated average annual sediment yileld to Altus
Reservoir from McClellan Creek watershed is 22 acre-feet. This ie two per-
cent of total deposition. As determined by sedimentation survsys made by
the Bureau of Reclamation, United States Department of the Interior, total
annual sediment deposited in Altus Reservoir averages 1,130 acre-feet per
year. An average annual reduction of 14 acre-feet of ssdiment depoaition
in Altus Resarvoir is expected as a result of installation of land treat-
ment meagurss and floodwater retarding structures on McClellan Creek water-
shed.

Channel Stability Studies

Channel stability studies were made on evaluation reaches 1, 2, and 3
(figure 1). Hand auger borings were mada at valley cross-sectione to study
the nature of bedload materials.

The bedload, definitely non-cohesive, is primarily fine to medium grained
sand clagsifisd as 5P in eccordance with the Unified Soil Classification
System. The aversge thickness of this bedload is greater than 10 feet.
Based on median grain size of bedload, the application of critical tractive
force values indicatad decisive bedload movement in the thrae reaches.

The Schoklitsch bedlosd tramsport equation was applied to relata incoming
bed material with transport capacity at each valley cross-eection. Estimat-
ed stream channel behavior under present conditions was compared with that
under project conditions, using both the 10+year frequency and the ammual
storm in the equation. Pronounced aggradation was indicated, except
immediately downstream from Lake McClellan, for present conditions using
both storms. With project conditioms, a reversal from an aggrading channel
to one of stability or slight degradation was indicated for all threa
reaches. Stndies indicate that the new channel regimen will include
virtual elimination of land loas by stream channel encroachmant and slight
lowering of the water table in the valley alluvium.

Geologic Investigations

Preliminary geologic inveetigations were made et each of the floodwater
retarding structure sites to obtain information on water tables, nature
and extent of embankment materials, types of materials in emergency spill-
way excavation, and emergency spillway stability. These investigations
included surface observations of valley slopes, alluvium, channel banks,
and expossd geologic formations, hand auger boringas, core drill borings,
and field permeability (well permeamster tests), Core drill borings were
made at site nos. 2, 6, and 13 to aid in waking more accurata estimates of
construction problems. These investigations were also used to sid in
daterminstion of suitability of site nos. 2 and 13 for use as mltiple
purpose structures, Samples of foundation and embankment materials were
snbaitted for analyszes to the Materials Testing Section in Fort Worth,
Texas, Tests performed included Atterberg limits, mechanical analysis,
percent dispersion, soluble ealt content, triaxial shear, compaction, dry
unit weight, and slope stability.
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Findings of geologic investigations were used in making cost estimates of
structures and to assure that sites selected are feasible for construction.

. Description of Problems
Sites nos. 2, 4, 5, 6, 7, 8, and 9 are located entirely on the outcrop of
r. the Ogallala formation of the Tertiary system. The formation is made up of
thick and extensive deposits of Pliocene outwash, derived primarily from

the Rocky Mountains and consists of beds and lenses of dense sand, silt,
clay, and gravel partially cemented with calcium carbonate. Secondary
deposits of caliche are common within the formation. Sites nos. 3, 10, and
13 are located partially on the QOgallala outcrop. Shales of the Quarter-
master formation of the Permian system underlie the Ogallala formation and
are exposed at these three sites, Sites nos., 11 and 12 are located entire-
ly on the outcrop of the Quartermaster formation, Site no. 1, the only site
located in the Southern High Plains, lies upon Quaternary deposits. These
are primarily eolian sandy clays, which are underlain at shallow depth by
the Ogallala formationm.

Permeable foundation materials occur at all floodwater retarding structure
sites. These materials range from moderately permeable, slightly cemented,
silty sands of the Ogallala formation to highly permeable, loose, alluvial
sands. Drainage measures will be needed at all sites. It is estimated
that relief wells will be needed at sites nos. 1 and 2 where clay blankets
overlie the Ogallala formation. Sites nos. 3, 4, 8, 9, and 11 will need
foundation drains. Sites nos. 5, 6, 7, 10, 12, and 13 are expected to re-
quire a combination of embankment and foundation drains, including vertical
relief drains.

High water tables will hamper construction operations and limit the depth
of borrow excavation in the lower portion of the watershed. This is
especially true at sites nos., 6, 7, 10, 12, and 13.

All embankments except those of sites nos. 1 and 2 are expected to be zoned.
The dominant soils available at these two sites are classified as CL in
accordance with the Unified Soil Classification System. Alluvial soils for
embankments at sites nos, 10, 11, 12, and 13 consist mostly of SM and SP.
Cementing properties of these soils are pronounced because of high calcium
carbonate content. A limited supply of CL and SC is available at these
sites from weathered Permian shale and from emergency spillway excavation.
Embankment materials for sites nos. 3, 4, 5, 6, 7, 8, and 9 consist mostly
of 8C, CL, and SM.

There will be no rock excavation in emergency spillways.

Core drill borings and field permeability tests indicate that sites nos. 2
and 13 do not offer water storage potential suitable for inclusion as

multiple purpose structures,

Further Investigations

Detailed investigations, including exploration with core drilling equipment,
bulldozer, and/or back-hoe will be made at 2ll sites prior to finsl design.
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Laboratory tests will be made to determine suitability snd methods of
handling foundation and embankment materials,
. Ground Water Investigations
A ground water investigation was mada to determine the following: effect
T of the project on ground water; the dapendability of floodwater retarding

atructure sites for storage of water for municipal or recreational use; and
the effect of ground water on counstruction of floodwater retarding structurea.

Pertinent information was gathered from recant publications concerning
ground water in the vicinity of the watershed. Borings were made with hand
guger asnd core drilling equipment at three floodwater retarding structure
sites and at valley cross-sections,

The following are pertinent facts considered in making the investigation:

l. The Ogallala formation, principal source of water in the
Southern High Plains, underlies moat of the watershed but
thins abruptly in the eastern portion. Generally, the
gaturated thicknesa of the formation is insignificant
east of valley section & (figure 1).

2. In the vicinity of the watershed, tha QOgallala formation
ranges in thickness from 0 where Permian shales crop out
to about 600 feet in Cerson County and liea unconformably
on an erosional surface of Permian shales, anadatones, and
conglomerates. For practicsl purposes, these rocks form
the base of the aquifer.

3. Downward cutting of the Pecos and Canadian Rivers has
cut off the original sourca of fresh water replenishment
which was runoff from the mountains to the wesat and
northwest. The present source of water in the aquifer
is precipitation that falls on the surface of the plains.
This is8 almost negligible because of slow permeability
ratea of most soils which blanket the Southern High
plains surface,.

4, Water in the formation gemerally occurs under water table
conditiona. Movement is generally toward the east, The
water table slopes in this same direction at about 10 feet
per mile. The rate of movement is approximately two inches

- per day.

5. Water in the formation is generally of good chemical
quality except that it is hard and has high silica content.
’ Most of the water is suitable for irrigation and domestic

sopplies.

6. Since 1954, when large scale irrigation began in Carson
Gounty, the water level in the Ogallala formation has been
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declining appreciably., It has declined a maximm of
approximately 30 feet in Carson County and 3 feet in
Gray County., In some wells, remote from pumping for
irrigation, water levels have risen. Depth to the
water table beneath the plains surface ranges from
about 200 to 350 faet.

7. Artificial recharge has been attempted in the Southerm
High Plains Land Resource Area with varying degrees of
success, but is not practiced on a large scale at prasent.
The principal problem is clogging of pore spaces by
sediment, organic materials, apnd chemical and physical
reactions,

Fleld astudies indicate that fine textured solls of medium consistency,
clagsified moatly as CL in accordance with the Unified Soil Classification
System, blanket the wore permeable Ogallala formation in the flood plain
and stream channel of evaluation reaches 4 and 5 (figure 1) end pool areas
of sites nos. 1 and 2. The average thickness of this blanket is about 15
feet. 1Its permeability rate, at l:1 head, iz about 0.10 foot per day.
Permeability rates of clay beds of the underlying Ogallala formation are
about 0.20 foot per day. Permeability rates of the sands of the Ogallala
formation are much greater.

Darcy's law was used in estimating rates of water seepage through soila of
stream chanpel of reaches 4 and 5 under present conditions and through
reservolr bottoms of sites nos. 1 and 2 and stream channel of rsaches 4
and 5 under project conditions, Estimatss of evaporation losses were
taken into account.

It i8 estimstad that recoverable ground water recharge will be increased
by 1,860 acre-feet annually as a result of the installation of floodwater
retarding structures nos. 1 and 2. This increase can be expectad as a
result of impoundwment of water ovar the flood plain and valley walls and
prolonged release flows in chammels,

Increassd recharge is expected to have negligible effect outside the water-
ahed because of the slow rate of lateral movement of ground water.

Downstream from Lake McClellan (evaluation reaches 1, 2, and 3) ths Ogallala
formation and Permian shales are overlain by extensive alluvial dsposits in
the vallsy of McClellan Creek. This alluvium is composed of fine to medium
grained sand and ailty sand containing some thin beds end lenses of clay and
silt. It contains sn aquifer, ranging in thickness to more than 100 feet,
with a base at the upper surface of Permian strata. The hydraulic gradient
is in the general direction of stresam flow. This aquifer is recharged by
water discharged from the Ogallala formation and by sespage of runoff water
into atresm channel sands.

The water table is at or very nsar stream chaonel bottom elevations in
reaches 1, 2, and 3 and all floodwater retarding structure sites axcept
nos, 1 and 2, Thus, thers is little opportunity for increasing ground
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water rechargs with structures nos. 3 through 13 while the water table is
at its normal position. With present pumping rates in the valley, natural
recharge is sufficient to maintain the water table near the stream channel
. bottom, except during dry periods. Assuming an increased number of wella
d and incrased acreage irrigated in the flood plain causing a decline of the
water table, all floodwater retarding structures would prove valuable in
< recharging this aquifer.

No benefits were claimed for increased ground water recherge as a result of
the installation of floodwater retarding structures nos. 3 through 13.

Econowmic Investigations

Selection of Evaluation Reaches

In order to determine flood damages and make appropriate evaluations of

the damages in the flood plain and to determine the effecta and the benefits
of proposed structural measurea, the watershed was divided into fiva sapa-
rate evaluation reaches (figure 1).

Determination of Flood Damagea

During economic investigations in the watershad, damage achedules were
obtained from flood plain landowners, county and State road officials,

local agricultural technicians, and other agricultural leaders. Schedules
were obtained covering sbout half the flood plain. Information collected
was used to determine crop distribution, flood-free yields, expected changes
snd trenda in agricultural economy, past history of flooding and related
damages, and other data nesded to make estimates for the economic evalu-

ations,

Flood plain land uae and damageable values were determined. A aeparate
damagesble value was determined for each evaluation reach, Flood dawage to
crops, pastures, and otber agricultural and nonagricultural properties was
determined by using a historical storm series covering a 26-year period
from 1940 through 1965. Damages were related to area inundated and depth

of inundation. Crop and pasture damage was related to growing seasons.
Damage rates by depth of flooding were based on informstion given in Soil
Conservation Service Ecounomics Mamorandum TX-11l and were adjusted for local
watershed conditiona. Allowances were made to reflect less damage from
recurrant flooding during the same cropping season. Crop and pasture damage
was discountad, where applicable, to reflect the land loss expectad to occur,
becsuse of flood plain streambank erosion, in absence of a project.

. Flood plain areas that will be inundated by pools of structures were
excluded from areas on which damages were calculated.

. Damage to agricultursl property such as fences, farm roads, creek crossings,
liveastock, and debris deposits on land was estimated from information

collected in the field.

Road and bridge damage estimstes were based on information obtained from
County and State road officials, from landownars, and from a physical check
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of improvements subject to flood damage. The estimates were related to
size and frequency of floods as reflected by high water elevations.

T Monetary value of the physical damage to flood plain land from deposition

* of sediment and from scour was based on value of production lost. Al-
lowances were made for time lag necessary for recovery and for the non-

. recoverable loss in production. The monetary damage from permanent loss
of land by erosion was estimated using the procedure outlined in Chapter 5,
paragraph number IIA, of the Soil Conservation Service Economics Guide,
Flood plain scour damage was related to depth of flooding with weight given
to increased velocity from the deeper flows. Reductions in damage from
sediment deposition and from permanent land loss was based on the effective-
ness of land treatment, the trap efficiency of planned floodwater retarding
structures, and the reductions in average annual area flooded.

The monetary value of sediment damage to Lake McClellan and to Altus
Reservoir was based on replacement cost estimates of installations having
the same facilities and the same acre-feet of water storage capacity. The
'straight-line"” method was used to calculate the monetary sediment damage
per acre-foot., The cost per acre-foot of storage for Lake McClellan is
estimated to be $100 and for Altus Reservoir the cost is estimated to be
about $78.

Indirect damage involve such items as interruption of travel, re-routing
and delays of school buses and mail deliveries, and losses in business
sustained by business establishments in the trade area. Inconvenience and
delays in caring for livestock at times when creeks are flooding is an
indirect damage. It i3 estimated that 10 percent of the direct damages
would be an equitable estimate for indirect damage.

Benefits from Reduction of Damages

Floodwater, sediment, erosion, and indirect damages were calculated for
each reach under the following conditions: without project, with land
treatment, and with land treatment and structural measures., The difference
between the average amnual damage for each progressive increment of pro-
tection constitutes damage reduction benefits assigned to the increment.

Benefits from Restoration and Changed Land Use of Flood Plain Land

Field investigations were made to determine what changes had occured in
flood plain land use as a result of past floods. Investigations were made
to determine what changes would occur if flooding was reduced.

v It was found that as a result of past floods and related sediment deposits,
a majority of the flood plain land, especially in reach 1, has been con-
. verted from hay meadows to rangeland or idle land.

Farmers and ranchers indicated that when flooding and sediment deposition
is reduced, the land would be restored and/or changed to hay meadows.
Fertilization and proper hayland management will help restore the land to

its former use.
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Landowners and operators statements were considered along with the land
capabilities and general agricultural econouwic conditions and tremnds in
making the estimates of benefits frow restoration and changed land use.
Congsideration was given for added damage from remaining flooding to higher
damageable values. Additional costs of production and harvesting with asso-
clated expenses were deducted from the expected increased value of produc-
tion. Adjusted normalized prices were used. The benefits were discounted
to allow for a 10-year lag in accrual. The changed land use benefits re-
sulting from shifts of portions of the present stream channel to hay pro-
duction have been further discounted to allow for a net average-annual
change in equal amounts each year from the 10th year of the period of proj-
ect life to the 60th year. The restoration bemefits have been included in
c¢rop and pasture and sediment damage reduction evaluations as shown in
table 5.

Incidental Benefits from Recreation

Water-based recreation benefits will occur incidental to the installation
of some of the floodwater retarding structures. Flood prevention was the
only purpose considered in the location of these structures and no addi-
tional Public Law 566 costs are involved in obtainimg the recreation bene-
fits. When the structures are installed, it i1s estimated that sediment
pools will have an initial total capacity of 1,775 acre-feet of water astor-
age and a surface area of 312 acres. With the expected sediment deposition
in the sediment pools, the capacity will eventually decline to zero.

Present water-based facilities do not meet the needs of the people in the
area, The pools of water im six of the structures will provide additiomal
facilities for fishing and some swimming, boating, camping, and picnicking.
Pools are expected to be open to the public, but some will be open on a
fee-charge basis or by free admission with the landowners permission,

Factors considered in making the estimates of incidental recreation bene-
fits were: population within a radius of 75 miles, size of pools, accessi-
bility of the site amd the estimated water-holding potential of each site.
The expected use of the six sites was estimated to be 20,000 visitor days
annually heving a value of 50 cents per visitor-day. An allowance was made
to cover operation and maintenance costs associated with recreation activ-
itieas. The benefits were discounted to show full use for 40 years with a
decline to no use by the 50th year. :

Water yileld studies indicate an adequate water supply will be available for
the activities which produce the recreation benefits,

Incidental Bemefits from Ground Water Recharge

Additional ground water recharge of the Ogallala formatiom will eccur inci-
dental to the installation of two of the floodwater retarding structures,
No additional costs will be involved in obtaining this recharge since it
will occur naturally. Some floodwater detained by structures will pene-
trate down into the Ogallala formation and remain in place. Since it has
been estimated that the ground water supply for irrigation eventually will

4-2419% 11 =68




54

be depleted, it is estimated that each additiomal acre-foot of recharge
will be used for irrigation.

The Bureau of Reclamation estimates the value of an acre-foot of water for
irrigation in the W. C. Austin Project, Oklahoma, to be $40.00. The addi-
tional water made available for irrigation as the result of increaged re-
charge was considered to have an equal value less the cost of recovery.
After allowsnce for cost of recovery, the net value per acre-foot of re-
charge is estimated to be $27.12,

When the gtructures are installed, it is estimated that the volume of addi-
tional average anmual recharge will be 1,860 acre-feet and have a net value
of §50,443.

Secondary Bemefits

Values of local gsecondary benefits and local secondary losses were calcu-
lated in accordance with the interim procedures outlined in Watergheds
Memorandum SCS-57, dated October 3, 1962,

Benefiits of a local nature were considered as either (1) stemming from the
projact or (2) induced by the project. Benefits stemming from the project
were egtimated to be 10 percent of the direct demage reduction benefits ac-
cruing to structural measures. Benefits induced by the project were eati-
mated to be 10 percent of the incidental benefits and 10 percent of the in-
creased costs imvolved with changed land use.

Secondary loeses resulting from installation of structural works of im-
provement were calculated im the same mamner as secondary bemefits,

Apprajsal of Lind and Easement Values

Areag that will be used for project comstruction and areas to be inundated
by pools of reservoirs were determined. Net income from production to be
lost {n these arees after inatallation of the project was compared with the
appraised value of the land amortized over the period of project life. It
was considered there would be no production in the sediment pools and that
all land covered by the detention pools would be grassland. The value of
land sgnd easements for the structures were determined by appraisal inm co-
operation with representatives of thz sponsoring local organizations. The
structure gsite costs were baged on the value of the easements.

The annual net loss in production and associated secondary losses, based on
adjusted normalized prices, on land to be utilized by the structures were'
calculated and compared with the amortized cost of the structure sites.
Site costs exceed value of annusl production losses and associated second-
ary losses; therefore, the structure site costs were uged in economic

evaluations.
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Pish and Wildlife Investigations

The Bureau of Sport Fisheries and Wildlife, in cooperation with the Texas
Parks and Wildlife Department, has completed a reconnaissance study on
McClellan Creek watershed. This report was valuable in work plan develop-
pent pertaining to fish and wildlife. In addition to data presented in
other parts of the work plan, the following recommendatious are raproduced
‘e from the Buresu of Sport Fisheriss and Wildlife reconnaissance survay

. report:

"0ften, in tha construction phase of a project of this type, @

faw ninor changes in design, conatruction, and wanagement
procednres would greatly reduce the destruction of and improve
fiah and wildlife habitat. These changes could have surpriaingly
beneficial effects on fish and wildlife populatione for many years.

Basins of the floodwater retarding impoundments, immediately
aftsr completion and prior to storage of water, should be disked
snd planted to suitable grains or grassas which are sdaptabls

to the area. Such plantings would raduce turbidity and increase
the fertility and the productive capacity of the waters in the

impoundments.

Floodwater ratarding reaservoirs should be fenced, wheu practi-
cable to prevent damage to the dams and muddying of tha water by
livestock. Watering devices, if required, should be instelled
below the dams and outside the enclosures. These measures would
not only improve the quality of fish habitat, but alao would
provide more desirsble water and watering condition for live-
stock.

Lands in the vicinity of floodwater retarding dams and reservoirs
should be planted to native or adaptable gragses to prevent soll
erosion snd depoaition of sediment in the basing of tha impound-
ments. These measures would improve fiash habitat by the reduction
of turbidity of the water.

Stocking of fish in floodwater retarding resarvoirs should be dome
under the guidance of the Texas Parks and Wildlife Department.
Unwise atocking of impoundments could rasult in the presence of
undesireble fishes and in high populations of stunted fishss.

During the construction phase of the project, timber claaring
should be kept to a minimum where possible. Minimal timber clearing
would not only reduce construction costs but would ratain much

* of the original wildlife habitat of the area.

Improvament of wildlife habitat would be achieved by the planting
of wildlife food and cover plants. Flanting should bs made
particularly in eroded areas and gullies as well as impoundment
enclosures, and along fencerows and driveways. Such plantiugs
also would add to the esthetic value of the area.
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It is recommended:

1. That the basins of floodwater retarding reservoirs
. be disked and planted to a suitable cover crop upon
v completion and prior to storage of water.

. 2. That floodwater retarding dams and reservoirs be
fenced, when practicable, and watering devices be
instzlled below the dams and outside the enclosures,
if necessary.

3. That lands devoid of vegetation in the vicinity of
floodwater dams and reservoirs be planted to native
or adaptable grasses to prevent soll erosion and
deposition of sediment in the basins of these
impoundments,

4. That the stocking of fish in the floodwater retarding
reservoirs be donme under the guidance of the Texas
Parks and Wildlife Department.

3. That the clearing of brush and timber be kept to a
minimum throughout the construction of the project.

6. That wildlife food and cover plants be planted in
eroded areas, gullies, impoundment enclosures, and
slong fencerows and driveways.

The above recommendations are in conformance with U.S.D.A. Soil
Conservation Service Biology Memorandum 7 (Rev. 1), National
Standards for Bilology Practices. If adopted as a part of the

plan of development, losses of wildlife habitat would be mitigated
and, additionally, fish and wildlife benefits would accrue to the
project.

A detailed study of the watershed by the Bureau of Sport Fisheries
and Wildlife is not considered necessary at this time. Should the
sponsors desire detailed information on planning for wildlife habitat
management, our Bureau, in cooperation with the Texas Psrks and
Wildlife Department, would be happy to be of further assistance."
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