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WATERSHED WORK PLAN AGREEMENT

between the

-

. Rio Grande-Pecos River Soil and Water Conservatjon District
Local Organization

. - Big Bend Soil and Water Conservation District
Local Organization

Trans-Pecos Soil and Water Conservation District
Local Organization

Tertrell County Commissioners Court
Local Organization

Pecos County Commissioners Court
Local Organization

Brewster County Commissioners Court
Local Organization

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

and the

S0il Conservation Setrvice
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 Sanderson Canyon
Watershed, State of Texas
under the authority of the Watershed Protection and Flood Prevention Act
(Public Law 566, 83rd 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 Service; and

Whereas, there has been developed through the cooperative efforts of
the Spensoring Local Organization and the Service a mutually satisfactory
plan for works of improvement for the Sanderson Canyon
Watershed, State of Texas s
hereinafter referred to as the watershed work plan, which plan is annexed
to and made a part of this agreement;
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Now, therefore, in view of the foregoing considerations, Lhe
Sponsoring Local Organization and the Secretary of Agriculture, through
the Service, hereby agree on the watershed work plan, and further agree
that the works of improverent as set forth in said plan can be installed
in about 10 VEArS. '

It is mtually agreed that in installing and operating and main-
taining the works of improvement substantially in accordance with the
terms, conditions, and stipulations provided for in the watershed work
plan: ‘

1. The Sponsorine Local Organization will acquire without cost
to the Federal Governmeni such land rights as will be needed
in connection with the works of improverent., (Estimated
cost § 79,455 .)

2., The Sponsoring local Organization will acquire or provids
assurance that landovmers or water users have acquired such
water rights pursuant to State Jaw 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
Improverant, Organization Service Construction Cost
{percent) (percent) (dollars)

11 Floodwater Retarding
Structures - 100 3,550,281

Channel Improvement - 100 197,036
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4. The percentages of the engineering costs to be borne by the
Sponsoring Local Organization and the Service are as follows:

) Sponsoring Estimated
- VWorks of Local Engineering
mnroverent Organization Service Cosls
. {percent) {percent) (dollars)
11 Floodwater Retarding
Struclures - 100 177,514
Channel Improvement - 100 9,868

5. The Service, as duly requested by the Sponsoring local
Organization, will advertise, award, and administer con-
tracts for structural measures. - The Spomsoring Local
Organization and the Service will each bear their costs
for project administration, estimated to be $6,200 and
$ 545,966 respectively.

6. The Sponsoring Local Organization will obtain agreerents
from owvmers of not less than 5C percent of the land above each
reserveir and flcodwater retardine structure that they
will carry out conservation farm or ranch plans on their
land.

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

8. The Sponsoring lLocal Organization will encourage landowners
and operators Lo operate and maintain the land treatment
measures for the proteclion and improverenl of the watershed.

9. The Sponsoring Local Organization will be responsivle for
the operation and maintenance of the structural works of
improvement by actually performing Lhe work or arranging

. for such work in accordance with agreements to be entered
: into prior to issuing invitations to ©id for construction
work,

10. The costs shown in this agreement represent preliminary
estimates. In finally determining the costs to be borne ty
the parties hereto, the actual costs incurred in the instal-
Jation of works of improvement will be used.
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This agreement is not a fund-obligating document. Financial and
other assistance to be furnished by the Service in carrying out the
watershed work plan are contingent on the appropriation of funds
for this purpose.

A separate agreement will be entered into between the Service and the
Sponsoring Local Organization before either party initiates work
involving funds of the other party. Such agreement will set forth

in detail the financial and working arrangements and other conditions

12,

13.

14,

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 or delegate to Congress, or resident commissioner, shall
be admitted to any share or part of this agreement, or to any bene-
fit that may arisc therefrom; but this provision shall not be con-
strued to extend to this agreement if made with a corporation for

its general benefit.

The program conducted will be in compliance with all requirements
respecting nondiscrimination as contained in the Civil Rights Act
of 1964 and the regulations of the Secretary of Agriculture

(7 C.F.R, 15.1-15,12), which provide that no person ir 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.

Ric Grande-Pecos River Soil and Water Conservation District
Local Organization

By \{/M// %W—ﬂ/
Will JZ Murrah
Title_ Chairman, Board of Directors

Address Samderson, Texas 79718
Zip Code

Date_ Hareh 17, 1970

The signing of this agreement was authorized by a resolution of the governing
body of the Rio Grande~Pecos River Soil and Water Conservation District

Local Organization

adopted at a meeting held on_ March 9. 1970,

A-279099
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Secretary, Local Organization)

Clarence Chandler, Sr, _
Address Dryden, Texas 78851
Zip Code

Date lMarch 17, 1970




Big Bend Soil and Water Conservation District

Loecal Organlaatlon
- Rex Ivey,‘/iﬂ

Title_Chpiyman.“R d of Directors
Addres%‘Bﬂx_ﬁhl,_ﬂlplne,ﬁlexas_“29330

Zip code

Date_ Maprch.17, 1970

The signing of this agreement was authorized by a resolution of the
governing body of the Big Bend Soil and Water Conservation District

Local Organization
adopted at a meeting held on March 2, 1970.

O%//?d/’ %"/

- Cgezelapimeeal Organization)

Address_Box 718, Alpine, Texas 79830
: 2ip Codo

Date March.l?l 1970

— —_ - et

Trans-Pecos Soil and Water Conservation District *

Loc anjzation

BXJI;/ylfﬁ? Ldéivea
Fhi, Robbins

Title Chairran, “oard of Directors

AddressBox 1623, Fort Stockton, Texas 79735
Zip Code

Date “arch 17,1970,

The signing of this agreement was authorized by a resolution of the
governing body of the Trans-Pecos Soil and Water Conservation District

Local Organization
adopted at a meeting held on Mareh 3, 1970,

/ Iy
t-'// /5) -
I Sccrehagy Loca%SOrvan14aL10n)

Vernon &, Danie

Address_ Box 1L6L, Fort Stockton, Texas 79735
Zip Code

Date  March 17, 1970
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Terrell County Commissioners Court
__HT) Local Organization

By S et T BT
e 34 WHilkinson

Title Connty Judge, Terrsll. County

Address_ Sandersm, Texas 797L8
Zip codc

Date_ Mareh 17, 1970

The signing of this agrecment was authorized by a resolution of the
governing body of the Terrell County Commissioners Court

Local Organization
adopted at a meeting held on March 9, 1970,

(Secretary, Local Organization)
County Clerk Ruel Adams
Address Sanderson, Texas 79748
Zip Code

Date {arch 17, 1970

Pecos County Commissioners Court

By'(( {fsCt,éﬁzﬁii;c?g%i?izzifiil,iiagntfgalixt//

Walter L, Buenger
Title County Judge, Pecos County

Address Fort Stoecld on, Toxas 79735
Zip Code

Pate slarch 17, 1970
The signing of this agreement was ‘authorized by a resolution of the
governing body of the Pecos County Commissioners Court
_ Local Organization
adopted at a meeting held on March 9, 1970,

Lilséﬂéq’ (hhle,

1 (Secretary, Local Ordanization)
: County C(lerk Billy ﬂodges
Address Fort Stockton, Texas 79735
b _ Zip Codc
Date  ‘larch 17, 1970
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Rrewster. County Commissioners Court,
Local Organization

[

by S loasp L 77 M -

- Felix P, McGa
Title County d d e uﬁ yw r_Connty
’ Address __ Alpine, Texas _ 79830
Zip Code

T Date March 17, 1970
The signing of this agreement was authorized by a resolution of the

governing body of the _Brewster County Commissioners Court
Local Organization :

adopted at a meeting held on___March 9, 1970,

o [t
(Secretary, Local Organigation)
County Clerk Sara Pugh
Address Alpine, Texas 79830
Zip Code
Date MaI‘Ch 1?’ 19?01

pas———

Local Organization
A

By

Title

r—

Address

Zip Code

bate
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, Organizationj_“_

Address
! _ Zip Code
) Date

Soil Conservation Service
United States Department of Agriculture

By

4-27998 5-70 Date




WATERSHED WORK PLAN
FOR

WATERSHED PROTECTION AND FLOOD PREVENTION

SANDERSON CANYOR WATERSHED

Terrell, Pecos, and Brewster Counties, Texas

Prepared Under the Authority of the Watershed
Protection and Flood Prevention Act, (Public Law
566, 83rd Congress, 68 Stat. 666), as amended.

Prepared By:

Rio Grande-Pecos River Soil and Water Conservation District
(Sponsor) '

Big Bend Soil and Water Conservation District
(Sponsor)

Trans-Pecos Soil and Water Conservation District
(Sponsor)

Terrell County Commissioners Court
(Sponsor)

Pecos County Commissioners Court
{Sponsor)

Brewster County Commissioners Court
{Sponsor)

With Assistance By:

. U. 5. Departwment of Agriculture
) Soil Conservation Service
November 1969
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ADDENDUM

SANDERSON CANYON, TEXAS

This Addendum shows the project costs, benefits, and
benefit-cost ratio based on a 5-1/8 percent Interest rate.

Anmnual project costs, benefits, and benefit-cost ratio are as

follows:
1, Project cogtg are $242,678
2. Project henefits are 389,302
3. The project benefit-cost ratio is 1.6 to 1

4-27988 10-70
UAPA-SCH-PORT WORTH, TN, [%78




WATERSHED WORK PLAN
SANDERSON CANYON WATERSHED

November 1969

SUMMARY OF PLAN

The work plan for watershed protection and flood prevention for Sanderson
Canyon watershed has been prepared by the Rio Grande-Pecos River, Big Bend,
and Trans-Pecos Soil and Water Conservation Districts and the Commissioners
Courts of Terrell, Pecos, and Brewster Counties as sponsoring local organie
zations. Technical assistance has been provided by the Soil Conservation
Service, United States Department of Agriculture. The Bureau of Sport
Fisheries and Wildlife of the United States Department of the Interior,

in cooperation with the Texas Parks and Wildlife Department, made a
reconnaissance study of the fish and wildlife resources of the watershed.

Financial assistance in developing the work plan was provided by the Texas
State Soil and Water Conservation Board.

Sanderson Canyon watershed comprises an area of 216 square miles in Terrell,
Pecos, and Brewster counties. 1t is estimated that 97.4 percent of the
watershed is rangeland, 1.1 percent is pasture, and 1.5 percent is in
miscellaneous uses such as the town of Sanderson, public roads, railroads,
ranch headquarters, and stream chamnels. There is no Federal land in the
watershed.

The principal problem within the watershed is one of frequent floeding on
portions of the 4,366 acres of flood plain which results in damzges to range
and pasture grasses, soils, agricultural properties, residential and
commercial properties, roads, bridges, and railroad properties. The total
floodwster and indirect damages are estimated to average $387,055 annually.

The work plan proposes installing, in a ten-year period, needed land treat-
ment measures, eleven floodwater retarding structures, and approximately
1,800 feet of channel improvement. Land treatment measures included are
those which contribute directly to watershed protection and reduction of
floodwater damages.

The total project installation cost is estimated to be $4,770,528, including
$204,178 for installation of planned land treatment and $4,566,350 for
structural measures. The share of total project installation cost from
sources other than Public Law 566 funds is estimated to be $289,833, and

the Public Law 566 share is estimated to be $4,480,695. The Public Law 566
cost share for structural measures is estimated to be $4,480,695, and the
local shars is estimaed to be $85,655.

Average annual damages will be reduced from $387,055 to $8,047 by the
proposed project. Average annual benefits accruing to structural measures
in the watershed will be $389,302, which includes $359,907 damage reduction
benefits and $29,395 secondary bemefits. The ratio of total average annual
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benefits aceruing to structural measures ($389,302) to the average annual
cost of these measures ($231,627) is 1.7:1.0.

Land treatment measures will be operated and maintained by owners and
operators of the land upon which the measures will be applied under agree-
ment with the Rio Grande-Pecos River, Big Bend, and Trans~-Pecos Soil and
Water Conservation Districts. The Terrell County Commissioners Court will
be responsible for operation and maintenance of structural measures, The
cost of operation and maintenance for floodwater retarding structures aad
channel improvement is estimated to be $7,100 annually.

427899 10-689




DESCRIPTION OF WATERSHED
Physical Data

Sanderson Canyon watershed lies in southwestern Texas, covering portions of
Terrell, Pecos, and Brewster Counties. It comprises an area of 216 square
miles (138,240 acres). The town of Sandersom lies along the main stem of
Sanderson Canyon at the eastern end of the watershed. Del Rio is 120 miles
southeast of Sanderson; El Paso lies about 300 miles to the northwest; and
Big Bend National Park is about 75 miles southwest.

All streams in the watershed are ephemeral. Dry and Rattlesnake Creeks are
major headwater tributaries of Sandersom Canyon. They originate about 30
miles west of Sanderson and 12 miles east of Marathon, flow toward the east,
and join about 16 miles west of Sanderson, From this confluence, Sanderson
Canyon continues in a general eastward course and flows through the town of
Sanderson. Three Mile Draw is another major tributary which enters Samderson
Canyon from the north immediately upstream from Sanderson.

The lower limit of the watershed, as included in this work plan, is about
one mile downstream from Sanderson. Farther dowmstream, Sanderson Canyon
flows for a distance of approximately 40 miles eastward and southward
through an extremely rugged area to the Rio Grande.

The watershed lies within a deeply dissected portion of the Edwards Plateau,
a subprovince of the Great Plains Physiographic Province. The boundary
between the Edwards Plateau and the Basin and Range Province occurs at the
western watershed divide. The topography is characterized by very steeply
sloping ridges and canyon walls separated by rather broad alluvial valleys.
The downstream slope of the main valley is steep, averaging greater than

40 feet per mile. Elevations range from approximately 5,200 feet above
mean sea level along the western divide to about 2,700 feet in the valley
below Sandersonm.

Exposed geologic strata in the watershed consist of limestone and sandstone
of the Lower Cretaceous (Comanche) Series and valley alluvium of the
Pleistocene and Recent Series. The predomimant outcropping rocks are hard,
massive limestones of the Predericksburg and Washita Groups. They are
primarily the Edwards and Georgetown Limestone formations which have a
combined average thickness greater tham 600 feet.

The Edwards Limestone is underlain, in descending order, by the Comanche
Peak Limestone formation, Walnut Clay formation, Maxon Sandstome formationm,
and Glen Rose Limestone formation. The Comanche Peak Limestone and Walnut
Clay are either very thin or absent in the vicinlty and are of little
significance. There are exposures of Maxon Sandstone and Glen Rose Limestone
along the valley walls of Dry Creek in the western portion of the watershed.
The Maxon Sandstone consists mainly of brown, well indurated, medium-grained
sandstone and is the main water-bearing formation in the vicinity. The
sandstone dips to the south-~southeast at a rate greater than the land
surface, and at Sanderson it occurs about 300 feet beneath the surface. The
Glen Rose Limestone is comprised of alternating beds of calcareous shale and
thin limestone with some sandstone interbedded toward the top.
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Soil profile, typical of the steeper areas of the watershad
{5 inches of stony clay loam over fractured limestone bedrock).
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Deep and extensive Quaternary deposits of gravel, sand, siit, clay, cobbles,
and boulders occupy the valleys of Ssnderson Canyon and its larger tributaries.
These deposits range to grester than 250 feet in thickness.

The watershed lies entirely within the Edwards Plateau Land Resource Area.

Very shallow, loamy, stony soil of the Ector series is found in association
- with the steeper areas which exhibit wuch bare limestone. Shallow to deep,
moderately permeable, gravelly loams of the Sanderson and Upton series
occur on aliuvial fans and footsiopes. Deep, moderately permeabie silty
clay loam of the Reagan series usually is found on stream terrace deposits
and outwash plains, Deep, moderately to rapidly permeable, gravelly loams,
primarily of the Dev series, occupy flood plains.

The following tabulation shows land use within the watershed.

Land Use Acres Percent
Rangeliand 134,635 97.4
Pasture 1,582 1.1
Miscellaneous 1/ 2,023 1.5

Total 138,240 100.0

l/ 1Includes roads, highways, railroads, urban areas,
homesteads, stream channels, etc.

The vegetative cover is generally sparse and is comprised of semi-desert
type shrubs and grasses, Hydrologic cover conditions range from poor to
good, the majority being in poor condition. Lack of dependable rainfall
and a high evaporation rate are major deterrents to achieving good
hydrologic cover. Range sites commonly found within the watershed include
Shallow Divide, Steep Rocky, Low Stony Hills, Gravelly, Deep Soil, and
Overflow. In climax condition, the dominant grasses consist of sideoats
grama, cane bluestem, blue grama, bush muhly, plains bristlegrass, skeleton-
leaf goldeneye, vine mesquite, and green sprangletop. Present upland
vegetation consists primarily of red grama, hairy tridens, croton, pereannial
threeawn, sideocats grama, scacia, juniper, mesquite, tarbush, sacahuista,
lechuguilla, sotol, creosote bush, and pifion pine. Common vegetation
presently on flood plains includes buffalograss, vine mesquite, green
sprangletop, tanglehead, little leaf sumac, Texas black walmut, hackberry,

and mesquite,

The climate is semi-arid continental. Summers are werm to hot. Winters

are fairly mild, but rapid and wide changes in temperature occur with the
passage of cold fronts. Temperature extremes in the watershed vicinity have
ranged from 114 degrees to minus 7 degrees Fahrenheit. At Sanderson, the
mean minimum Jaousary temperature is 36 degrees and the mean maximum July
temperature is 96 degrees. The normal growing season is 237 days. Average
annual precipitation is about 12 inches, the wettest seasom occurring from

May to October.

Water for the towmn of Sanderson, rural domestic use, and livestock is
obtained primarily from wells. Farm ponds also supply some liivestock water.
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Except for periods of drought, these sources have supplied adequate amounts
of water to satisfy daily needs.

Economic Data

Rsnching is the principal agricultursl pursuit in the watershed. The land

is used primarily for the grazing of sheep, goats, cattle, and wildlife.

The sale of livestock and livestock products accounted for 95 percent

of the total ranch income in the watershed. The remaining 5 percent of

ranch income is from hunting leases. Other elements of the economy include
the Southern Pacific Railroad, which maintains a terminal point at Sanderson;
a wool and mohair warehouse; and numerous motels, restaurants, and service
stations. Situated at the junction of two Federal highways in a sparsely
settled region, Sanderson provides facilities for many tourists and travelers.

Income producing recreation ranks high in the watershed in the form of
hunting leases. Terrell County is reported by the Texas Parks and Wildlife
Department to have the largest deer population per acre im the Trana-Pecos

region.

There are 23 ranches located wholly or partially within the watershed
averaging 12,276 acres in size.

Approximately 18 percent of the ranch operators worked off-the-ranch for
100 days or more in 1968.

It is estimated that less than 10 percent of the agricultural land in the
benefited area is devoted to rsnches using 1-1/2 man-years or more of
hired labor.

The average value of land and buildings per ranch in Terrell County, which
is typical of the watershed, 1s estimated at $249,700 (based on 1964
agricultural census data). The estimated current market price of land
ranges from $20 to $40 per acre. Approximately 40 percent of the agri-
cultural land 1is leased.

The town of Sanderson, located in the lower portion of the watershed, has
an estimated population of 2,000. 1t is the county seat of Terrell County
and the trade center for the surrounding ranch area, providing marketing
and supply services which are important in the local economy. Sanderson
is the only town in the watershed. It is unincorporated and governed by
the Terrell County Commissioners Court.

The watershed is served adequately by approximately 63 miles of Federal and
County roads of which 43 miles are hard surfaced. The Southern Pacific
Rajlroad has loading facilities in Sanderson.

Land Treatment Pata

Ranchers, operating about 95 percent of the agricultural land in the water-
shed, are practicing sofl and water conservation in cooparation with the
Rio Grande-Pecos River, Big Bend, and Trans-Pecos Soil and Water Conservation
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Districts. Soil Conservation Service work units at Sanderson, Alpine, and
Fort Stockton are assisting the districts in preparing and applying soil
and water conservation plans.

There are no critical sediment source areas and no improper use of watershed
land.

There are 23 ranches wholly or partially within the watershed, of which 16
are under district agreement. Conservation plans cover about 95 percent of
the agricultural land. Soil and range surveys have been completed on the
entire watershed. It is estimated that 50 percent of the needed land
treatment practices have been installed and that 90 percent of the waterahed
is adequately protected from erosion. Needed land treatment measures have
been applied to date at an estimated expenditure of $538,685 by landowners
and operators (table 1lA).

The level of accomplishment for needed land treatment practices is expected
to reach 80 percent in 10 years ss a result of the planned land treatment

program.
Fizsh and Wildlife Resaource Data

The fish and wildlife aspects of the watershed, as described by the Bureau
of Sport Fisheries and Wildlife, are as follows;

"There i3 no significant fish habitat in the watershed.
Consequently, there is no sport or commercial fishing.

Principal wildlife species in the watershed are mule deer,
vhite-tailed deer, javelina, scaled quail, bobwhite, mourning
dove, white-winged dove, cottontail, and jackrabbit. Wwildlife
of lesser importance because of their low populations are
black bear, waterfowl, mountain lion, and porcupine.

Mule deer are more plentiful than white-tailed deer and together
they provide good hunting. Javelinas are moderately abundant,
but do not sustain much hunting. Bobwhite populations are low.

Scaled quail and mourning doves are common and supply most of the
upland-game hunting. There is little hunting for white-winged

doves,

The moderately abundant cottontails are prized by landowners,
and they do not permit much hunting for them. However, they do
permit hunting for jackrabbitsz which are abundant in the watershed.

There is no significant amount of trapping of fur animals in the
project area.

In the future, mule deer, scaled quail, mourning doves, and jack-
rabbits will continue to supply most of the hunting. Increases
in human population would result in an increase in hunting for
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these animals, There should be greater demand for javelina hunt~-
ing. The amount of hunting and trapping for the other species is
not expected to change significantly,"

WATERSHED PROBLEMS

Floodwater Damage

Areas of sizable proportions need additional land treatment to improve cover
for protection from rapid runoff. The potential for improved watershed
conditions has been exhibited by conservation minded ranchers, but the
improvement comes slowly because of climatic limitatioms.

An estimated 4,366 acres of the watershed, excluding stream channels, is
flood plain. This is the area that would be inundated by a 100-year

frequency flood.

Present flood plain land use is as follows: rangeland, 78 percent; pasture,
11 percent; and miscellaneous uses, including roads, railroads, highways,
and urban areas, 1l percent, Current trends are toward improvements of
native rangeland.

Attempts have been made to enlarge and levee Sandersom Canyon and Three Mile
Draw, This has resulted in very little reduction of flood damage. The
adverse economic and physical effect of flooding has been felt throughout
the entire watershed and will prompt local participation in the alleviatien
of the flood problem.

High intensity rains, strong topographic relief, and poor cover conditions
are major factors contributing to flooding in Sanderson Canyon. Flash
flooding results when rapid runoff from steep upland areas travels dowm
short lateral tributaries and reaches the more gently sloping valley of the
central and lower parts of the watershed before local runoff has drained

off.

Flooding occurs frequently in portions of the watershed causing damages to
agricultural and nonagricultural properties. Major floods, imundating more
than half the flood plain, occur on the average of once every three to four
years., Minor floods, inundating less than half the flood plain, occur om
the average of about once & year.

The most diastrous flood in recent years occurred on June ll-12, 1965. The
total storm rainfall occurred over a ten-hour period and varied from approxi-
mately 9 inches in the upper portion of the watershed, to 5.5 inches in the
lower portion., The recurrence interval of the resulting flood peak was
estimated to be about 40 years., The resulting flood inundated approximately
4,110 acres of flood plain in the watershed, of which 430 acres are located
inside the urban area of Sanderson.

According to local residents, Sanderson Canyon flowed during the night of
June 11-12, 1965, and at about 7:00 AM Friday, June 12,was barely going
over the bridge at the corner of QOak and Fifth Streets in Sandersom.
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Floodwater damage
to urban property
in Sanderson

from flood of

June 11, 1965.
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Floodwaters destroyed the Sanderson
Wool Commission Company warehousa.

K(’-‘--‘ -
Raging waters destroyed this homa. Adobe comstruction
is typical of many of the homes in the urban area.
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washing bodies and headatones downstream.

. Looking west along U. S. Highway 90. Rubble is all that
remained of cafe and service station destroyed by floodwaters.
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h . - _ i .- [N .
Aerial view, looking northwest, showing Southern Pacific
railroad yard, Note damage to tracks and bridge approaches.
Sanderson Canyon 18 in the left of the photo.

g R,

Aafial view,.looking

o P, X [ ._ B N Eis e M
northwest, showing damages to Southerm Pacific
railroad. Note workmen repairing railrosd bridge in left of photo.
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_ . ; L R . - . - - T
Automobile swept downstream against bridge support.

Ta

e T

Aerial view of Sanderson. Note that foundations are all
that remsined of motel units destroyed by floodwaters.

Several persons were swept away by the rushing wvaters,
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Looking northesst at 1ntersaction of U. S. Highuay 90 and
5th Street. Note Salvation Army mobile canteen in back-
ground. Several orgenizations provided emergency assistance,

Local people were
immunized againat
typhoid fever.
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Within minutes a wall of water came down the canyon not allowing time to
warn all of the residents in the low-lying areas. The resulting flood took
the lives of 26 persons including 16 children. Two bodies were never found.

Many of the flood victims were swept away by the rushing waters as they
tried vainly to reach safety. Four children were washed out of a tree,
unable to hold on against the raging waters. Three persons were washed off
the bridge on Sanderson Canyon at Fifth Street as they attempted to cross

the bridge in their automobile.

Flood waters cut a swath through the cemetery, uncovering graves and
washing bodies and headstones miles dowmstream.

The Red Cross established headquarters in Sanderson and provided food,
medical care, lodging, and other necessities for victims of the flood.
Volunteers from surrounding towms pitched in to help victims clean up and
reorganize businesaes and homes.

A survey made by the American Red Cross showed 54 homes destroyed and 169
homes damaged. Several businesses were destroyed or damaged extensively.
Damages to transportation facilities including the railroad and highway
were extensive., The direct monetary floodwater damage in Sanderson from
this flood was in excess of $1,580,000,

A flood resulting from a 100-year frequency event would inundate virtually
the same area as the flood of 1965. Depths of flooding would be increased
about 1.0 foot to 1.8 feet. However, additional damages would be relative-
ly small because wmost properties suffered almost maximum possible damage
from the 1965 flood.

Por the floods expected to occur during the evaluation period, which includes
floods up to the 100-year frequency, the total direct floodwater damage is
estimated to average $316,359 annually at adjusted normalized prices (table
5). Of this amount, $530 is crop and pasture damage, $3,334 is other
agricultural damage, $156,225 is transportation damage, and $156,270 is
damage to urban and other nonagricultural development.

Indirect damages such as interruption of travel, losses sustained by
businesses, evacuation of premises when floods threaten, and similar losses

are estimated to average $70,696 annually.

Sediment Dagage

Although modern deposaits of gravel, cobbles, and boulders may be found on
some parts of the flood plain, the over-all damage caused by overbank
deposition of sediment on agricultural land is very minor. This is at-
tributed mainly to the low sediment production rate and the predominance of
pnative range as flood plain land use.

Stream bedload consists of coarse sand, gravel, cobbles, and boulders. The
median grain size ranges from approximately 0.2 to 0.8 inches. The stream
bed is in a stable condition. This 1s caused primarily by the development
of protective armoring consisting of coursa gravel and cobbles. The
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armoring resulted because the finer fraction of bedload is more easily
transported downstream leaving behind the coarser material which forms
armor plating on the stream bottom. Major flood flows, however, result in
transportation of coarse material from gravel bars and channel banks.
Deposition of bedload is most evident at restrictions such as railroad and
highway bridges where cleanout is necessary. The monetary value of this
type of damage is included with floocdwater damage.

The estimated average annual sediment production rate is 0.34 acre-feet
per squsre mile. This amounts to an average annual sediment yield of 73
acre feet at the lower limit of the watershed. Of this, it is estimated
that 28 scre feet per year will reach the recently completed Amistad
Reservoir on the Rio Grande. Because of the low frequency of large flows
capable of transporting significant volumes of the coarse bedload, sediment
delivered from Sanderson Canyon watershed to Amistad Reservoir should be
mainly fine-textured sediment transported in suspension. In additiom to
causing loss of storage capacity, sediment derived from Sanderson Canyon
watershed is a source of pollution in the Ric Grande lowering the quality
of water for irrigation, recreation, power generation, fish habitat, and
other posszible future uses.

Erosion Damage

The low inherent erodability of most of the Edwards Plateau scils and the
low frequency of high intensity rainfall are primarily responsible for a
relatively low gross erosion rate. The average annual rate of gross
erosion is estimated to be 3,78 tons per acre. Sheet erosion accounts for
89 percent, gully erosiom 7 percent, streambank erosion 3 percent, and
flood plain scour 1 percent of total erosion. Stream beds are armor-plated.

Flood plain scour in the agricultural area has removed soils from an
estimated 145 acres ranging up to two feet in depth. However, because the
damaged areas are rangeland with semi-desert vegetation, scour damage is
not monetarily significant.

Problems Relating to Water Management

There is no activity relative to drainage or irrigation in the watershed.
There is no local interest im providing additional storage in any planned
floodwater retarding structure for agricultural or nonagricultural water

management purposes,

Sanderson obtains its water supply from wells extending into the Maxon
Sandstone. Water quality is good, but ylelds are quite small because of
the fine texture of the sandstone. The water supply is preseantly adequate,
but obtsining an ample supply for an increase in population in Sanderson
would be difficult, The water level is about 350 feet bemeath the land
surface, and about 250 feet of the sandstone is saturated. The underlying
Glen Rose Formation is not known to yleld large supplies of water. In
general, it is a poor water-bearing formation. Deeper test drilling is
not advisable because of the likelihood that any aquifers occurring deeper
than the Glem Rose Formation would be highly mineralized., Storage of
surface water is not feasible because of the combination of low yield, high
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evaporation rate, and high seepage loss potential at possible reservoir
sites in the Sanderson vicinity.

PROJECTS OF OTHER AGENCIES

There are no existing or proposed wster resource development projects of
any other agency within the watershed.

The works of improvement included in this plan will have no known detrimental
- effects on any existing or proposed downstream works of improvement of

other agencies; conversely, they will complement the works of improvement

of the International Boundary and Water Commission by reducing sediment

delivery into Amistad Reservoilr.

PROJECT FORMULATION

Residents in the Sanderson Canyon watershed are vitally interested in
seeking ways to reduce flood damages.

Following the disastrous flood of 1965, representatives of the Commissioners
Courts of Terrell, Pecos, and Brewster Counties; the Rio Grande-Pecos River,
Big Bend, and Trans-Pecos Soil and Water Conservation Districts; and the
Soil Comservation Service made studies and held meetings to identify exist-
ing flood problems and reach agreement on water and land resource develop-
ment needs. Desires of sponsoring locsl organizations were discussed and
project objectives were formulated. Watershed protection and flood
prevention were the primary objectives expressed by the sponsors.

Agreement was reached on the following specific objectives.

1. Reduce erosion and increase rainfall infiltration by
establishing land treatment measures which would contribute
directly to watershed protection and flood prevention. The
goal is to establish 80 percent of the needed land treatment
measures during the l0-year installation period. At least 75
percent of the land above floodwater retarding structures
would be adequately protected from erosion before construction
would begin on any structural measure,

2, Attain a reduction of 70 to 75 percent in average annual
damages in the agricultural reaches in the watershed.

3. Attain a reduction of 90 to 95 percent in average annual
damages in Sanderson with consideration given to the
- 100-year frequency storm.

Possible sites for thirteen floodwater retarding structures and one segment

H of channel improvement were investigated in order to select the least costly
system neaded to provide the agreed upon level of protection. In selecting
sites for structural measures, consideration was given to locatioms which
would provide maximm protection to areas most subject to damage. Topographic,
geologic, and hydrologic conditions had considerable influence upon the size,
number, design, and cost of structures included in the plan.
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Two floodwater retarding structure sites were investigated but not included
in the final project. One was located on the main stem of Dry Creek about
seven miles upstream from Site Wo. 2 (figure 4). The other was on a
tributary which joins Dry Creek from the north about three miles upstream
from Site No. 2. Damages on the interveming flood plain between these
sites and Site No. 2 are very minor, and the entire drainage area of Site
No. 2 can be controlled more ecomomically by one structure. For these
reasons, the two upstream sites were not included in the plapned project.

WORKS OF IMPROVEMENT TO BE INSTALLED
Land Treatment Measures

Ranchers, controlling about 95 percent of the agricultural land in the
watershed, are applying and maintaining soil and water conservation plans
on their land with assistance from the Rio Grande-Pecos River, Big Bend,
and Trans-Pecos Soil and Water Conservstion Districts. These plans, which
are essential to a sound program for watershed protection and flood pre-
vention, are based on the use of each acre within its capabilities and its
treatment in accordance with its needs. Needed land treatment measures
have been applied to date at an estimated expenditure of $538,685 by land-
owners and operators (table 1lA).

Increased application and maintenance of land treatment measures is
particularly important for protection of the 149.79 square miles which
comprise the drainage areas of the eleven planned floodwater retarding
structures. This treatment will reduce the capacities required for sediment
accumulation and will retard runoff into the structures.

There are 66.21 square miles downstream from floodwater retarding structures
that will continue to contribute sediment and runoff to flood plain areas.
Land trestment on these lands will further reduce floodwater and sediment

damages.

The acreage in each major land use, on which land treatment measures will

be established during the ten-year project imstallation period, is included
in table 1. These measures will be established and maintained by landowmers
and operators in cooperation with the Rio Grande-Pecos River, Big Bend, and
Trans~Pecos Soil and Water Conservation Districts.

It is expected that about 415 acres of rangeland will be comnverted to
pasture during the project installation period.

Proper grazing use, range seeding, and deferred grazing will be practiced
to improve the quslity of vegetation and maintain adequate cover for soil
protection. Rangeland with infestatjions of woody plants will be either
bulldozed, root plowed, chained, or sprayed to control brush. Destruction
of cover caused by overuse around present watering places will be reduced
by establishing ponds, wells, pipelines, and troughs or tanks.

A good base cover of desirable forage plants will be attained by pasture
planting and pasture management.
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Good stand of sorghwm alum following brush
control and pasture planting and management.
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Damage to land caused by rapid runoff from steeper areas will be reduced by
construction of diversions.

Local people will continue to install and maintain measures needed in the
watershed following the project installation period.

The application of land treatment planned for the installation period will
reduce average annual erosion by about 5 percent and increase infiltration
of rainfall as a result of increased grass vigor.

Structural Measures

A system of 1l floodwater retarding structures and approximately 1,800 feet
of channel improvement will be comstructed in the Sanderson Canyon watershed.
Figure 1 shows a section of a typical floodwater retarding structure.

Figure 1A shows a typical cross section of channel improvement, Figures 2
and 2A include a general plan and profile, plan of reservoir, and cross
section of a zoned embankment typical of the type of floodwater retarding
structure included in this work plan.

The locations of structural measures to be installed are shown on the
Project Map (figure 4).

Major factors which will affect construction of floodwater retarding
structures will be rock excavation in emergency spillways, permeable gravel
deposits within foundations, zoning of available borrow material within
embankments, and lack of adequate on-site supply of water for conatruction
purposes.

All emergency spillways will have erosion resistant rock crests and forebays.
Exit channels will consist primarily of CL and GC soils, classified in
accordance with the Unified Soil Classification System.

Structural detaiis will be treated in the final design phsse. Preliminary
apnd present indicators are that the principal spillways will be on com-
pressible foundations and will have monolithic rectangular reinforced
concrete inlets. Floodwater retarding structures Nos. 2 and 11 lend them-~
selves to monolithic rectangular reinforced concrete barrels, and structures
Nog. 1, 3, 4, 5, 6, 7, 8, 9, and 10 to prestressed concrete-lined, steel
cylinder pipe outlet barrels. Rock~lined plunge pools for all floodwater
retarding structures except Nos. 2 and ll, and reinforced concrete de-
energizing basins for these two are included in the preliminary details.

Principal spillway capacities and floodwater detention storage in all
planned floodwater retarding structures will provide a one percent chance
of emergency spillway use.

There are sufficient volumes of silty clay, sandy clay, and gravelly clay
for construction of very slowly permeable central embankment sections. The
remainder of embankments will be comprised primarily of clsyey sand, silty
gravel, sandy gravel, and limestone. The gravel content of the coarser
textured soils is sufficient for natural development of protective desert
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pavement. This is particularly important at sites where emergency spillway
excavation will not yield sufficient volumes of limestone for complete rock
outer embankment sections.

Foundations are characterized by the presence of flood plain and stream
terrace deposits of clay, silt, sand, and gravel with highly permeable
horizons. These materials have good bearing and shear strength, but
foundation and embankment drainage features will be needed at all sites.

All structures are designed with sufficient capacities to provide 100-year
project life. Because of the expected high rate of seepage losses in pools
of floodwater retarding structures, no portion of sediment pools is expect=-
ed to store water. All planned structure pools are considered dry.

The eleven planned floodwater retarding structures will detain an average
of 1.99 inches of runoff from 149.79 square miles of drainage area. The
eleven structures will control runoff from approximately 69 percent of the
total watershed.

Tables 1, 2, and 3 show details on quantities, cost, and design for each
structure.

Installation of floodwater retarding atructures will require relocation or
modification of known existing improvements as follows: livestock water
pipelines at Sites Nos. 1, 8, 10, and 11; water well and storage reservoir
at Site No. 1ll; utility lines at Sites Nos. 3, 5, 10, and 1ll; private roads
at Sitea Nos. 1, 2, 5, 6, 7, 8, and 9; county road at Site No. 3; fences

at Sites Nos. 1, 2, 3, 4, 5, 6, 7, and 11; buildings at Sites Nos. 2 and 11;
and pens or corrals at Sites Nos. 2 and 1ll.

All applicable State laws will be complied with in the design and construction
and in the storage and use of water for all structural measures,

The planned channel improvement will not significantly change the regimen
of Sanderson Canyon. Channel improvement will comsist of a trainer dike,
excavation, and modification of exit and approach sections to Southern
Pacific Company railroad bridge number 516.23 (figure 3). An appurtenance
to channel improvement will be a 90-foot prestressed concrete bridge
extension.

Alteration of the exit and approach reaches to the railroad bridge will
extend approximately 1,000 feet upstream and 800 feet downstream from the
bridge. The depth of excavation will range from 0.5 to 3.0 feet. The
material through which the channel will be excavated consists of moderately
well graded gravel containing acattered cobbles and boulders. The present
channel contains extemsive gravel bars and the lowest portion is armor-
plated. The planned channel improvement will have a 200-foot bottom, 3:1
side slopes, and a slightly depressed cemter to prevent low flows from
meandering (figure 14).

The dike will be set on the edge of the channel excavation and have side
slopes of 3:1 with a 12-foot top. Material to be excavated from the channel
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is suitable for use as a mass fill for the dike. Sufficjent quantities of
coarse~grained material are available to interface rock riprap.

Rock riprap is planned for the imside and outside curves of channel improve-
ment upstream from the railroad bridge. Riprap for the inside curve is
planned to extend approximately 70 feet upstream from the bridge. The out-
side curve will have riprap for approximately 370 feet upstream from the

bridge.

The planned dike will be built to prevemt floodwaters from leaving the
improved channel and flowing eastward along Downie Street in Sanderson
(figure 3). The dike will be comstructed approximately three feet above
the natural ground and will extend about 600 feet upstream from the bridge
on the east side of the improved channel (figure 3).

The 90-foot bridge extension to be added to the present twelve 10x9~foot
box culverts will be three 30-foot spans of prestressed concrete.

Two side inlets enter the segment of plamned channel improvement above the
planned dike. Inlet structures will be reinforced concrete drops or chutes.

Excavation of channel material not used im comstruction of the trainer dike
will be disposed of by placement or spoiling within the rights-of~way.

The present railroad bridge and the planned 90-foot extension have a
skewness of 17 degrees (figure 3). This small angle of skewmess will
create some turbulence in the upstream entrance in the upstream entrance
to the bridge. The planned rock riprap and armor-plated channel bottom
will tolerate this tubulence., However, the sponsors have been made aware
of the possible maintenance problem in this portion of channel improvement.

The 100-year frequency flood will be contained withim the section of
channel improvement.

The planned design 100~year frequency discharge of 17,200 cfs was selected
from flood routings made for without and with project conditions.

Relocation of the telephone line along the north side of the railroad
tracks within the area of channel improvement will be mecessary. This cost
will be borne by the sponsoring local organizatioums.

EXPLANATION OF INSTALLATION COST

Land treatment measures listed in table 1 will be applied by local interests
at an estimated cost of $204,178. This includes $15,658 of Public Law 46
funds to be provided by the Soil Conservatiom Service under the going
program for technical assistance during the tem year imstallation period
and cost-sharing in the establishment of approved conservation measures
under the Great Plains Comservation Program of the Soil Conservation

Service and the Agricultural Comservation Program as administered by the
Agricultural Stabjilization and Conservation Service.
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The costs of application of the various measures are based on present
prices being paid by landowners and operators in the area.

The total installation cost of the structural measures is estimated to be
$4,566,350, of which $4,480,695 will be borne by Public Law 566 funds and
$85,655 by local interests.

The Public Law 566 costs for installation of structural measures are
$3,747,317 for construction, $187,382 for engiueering services, and
$545,996 for project administration.

The local costs for installation of structural measures include $37,900 for
the value of land; $26,655 for relocation or modification of water wellas
and reservoirs, power lines, private and county roads, telephone lines,
livestock water, pipelines, fences, buildings, and corrals; $10,000 for
modification of the Southern Pacific railroad bridge; $4,900 for legal fees,
and $6,200 for project administratiom.

Construction costs include the engineer's estimate and contingencies.
Included is an estimated $145,606 to extend Southern Pacific railroad bridge
number 516.23 crossing the improved chamnnel of Sanderson Canyon. This cost
will be borme by Public Law 566 funds. It is not anticipated that any costs
not assoclated with structyral scability will be incurred. Any costs
necessary for ballast, rails, ties, telegraph lines, power lines, signal
systems, temporary rerouting of traffic, providing flagmen, or other
features not directly associated with structural stability of the bridge
and approaches will be borne by the sponsors. The engineert estimates

were based on unit costs of structural measures in similar areas modified
by special conditions inherent to each individual site location. Included
are such items as permeable foundations, special placement of embankment
materials, rock excavation in emergency spillways, and scarcity of on-site
water supplies for construction purposes. Ten percent of the engineer's
estimate was added as a contingency to provide funds for unpredictable
construction costs.

Engineering services and project administration costs were based on an
analysis of previous work in similar areas. Engineering services costs
consist of, but are not limited to detailed surveys, geologic investi-
gations, laboratory snalysis, reports, designs, and cartographic services.

Public Law 566 project administration costs consist of comstruction in-
spection and supervision, contract administration, maintenance of Soil
Conservation Service State Office records and accounts, and Washington
Office and E&WP Unit costs,

The local costs for project administration includes sponsors' costs related
to contract administration, overhead and organizational administrative
costs, and whatever comstruction inspection they desire to make at their

own expense.

The cost of land rights was determined by appraisal in cooperation with
representatives of the local sponsoring organizations.
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The following is the estimated schedule of obligations for the ten-year
installation period.
Schedule of Obligations
Fiscal : t Public Law : Other :
. Year : Measures : 566 Funds : Funds : Total

- (dollars) (dollars) (dollars)
First Land Treatment - 14,721 14,721

" Channel Improvement 237,624 19,750 257,374
Second Land Treatment - 15,721 15,721
Structures Nos. 7 and 8 542,202 6,400 548,602

Third Land Treatment - 19,722 19,722
Structuras Nos. 9 and 10 521,891 7,740 529,631

Fourth Land Treatment - 16,722 16,722
Structure No. 1l 697,582 12,985 710,567

Fifch Land Treatment - 16,722 16,722
Structure No. 2 777,415 10,560 787,975

Sixth Land Treatment - 20,179 20,179
Structure No, 1 428,785 10,820 439,605

Seventh Land Treatment - 22,813 22,813
Structure No. & 404,500 4,630 409,130

Eighth Land Treatment - 24,813 24,813
Structures Nos. 4 and 5 595,319 6,840 602,159

Ninth Land Treatmeat - 27,813 27,813
Structure No. 3 275,377 5,930 281,307

Tenth Land Treatment - 24,952 24,952

Total 4,480,695 289,833 4,770,528

This schedule may be changed from year to year to conform with appropri-
ations, accomplishments, and any mutually desirable changes.

EFFECTS OF WORKS OF IM

This project will benefit directly the owners and operators of approximately
13 ranches in the agricultural land of the flood plain and the owners and
occupants of about 240 residential and business units in Sanderson through
reduction of floodwater damage.

e

After installation of the combined program of land treatment and structural
measures, average annual flooding will be reduced from 1,534 acres to 515
acres, a reduction of 66 percent.
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Sediment deposition in Amistad Reservoir originating in the watershed will
be reduced by 17 acre feet annually.

Reduction in area inundated varies with respect to location within the
watershed. The general locations of the areas to be benefited as a result
of reduced flooding, caused by the combined program of land treatment and
structural measures are presented in the following tabulations:

Average Annual Area Inundated

Evaluation: : H -
Reach : ! Without : With :
(figure 4): location : Project : Project : Reduction
(acres) (acres) (percent)
1 Urban Area-Town of Sanderson 122 6 95
2 Sanderson Canyon 1,300 473 64
3 Three Mile Draw 112 _36 68
Total 1,534 515 66
Area Inundated
: Average Recurrence Jnterval
Evaluation: 2-Year : S-Year : 25-Year : 100-Year

Reach :Without: With :Without: With :Without: With :Without: With
figure 4):Project:Project:Project:Project:Project:Project:Project:Project
(acres) (acres) (acres) (acres) (acres) {acres) (acres) (acres)

1 0 0 308 0 425 0 435 106
2 1,132 0 2,427 1,153 3,183 2,212 3,510 2,509
3 0 0 314 0 360 282 421 308
Total 1,132 O 3,049 1,153 3,968 2.494 4,366 2,923

Figure 3 shows the urban area of Sanderson inundated by the flood of

June 11-12, 1965, and the area that will be inundated by a 100-year frequency
flood without and with project conditions. The proposed project will previde
flood-free protection to all existing urban properties except a portion of
the railroad yards, one house, and a few vacant lots and yards of houses
located along the channel of Sandersom Canyon. The depth in the areas
subject to continued flooding from the 100-year frequency flood is a

maximam of 2.0 feet at the lowest part of the railroad yards. Average

depth of remaining flooding is about 1.0 foot. With the project installed,
damages to urban properties will be reduced from $1,736,132 to $56,514,

About $46,000 of the remaining damage will be to equipment and facilities

in the railroad yards. The actions of people during times of floods,

whether major or minor, cannot be predicted. However, with any reasonable
precautions, the hazard to life from floodwaters will be eliminated.

Additional structural works of improvement were considered but were of minor
significance in providing increased protection to the properties still
subject to flooding. It is not economically feasible to provide flood free
protection from the 100-year event for these aress.
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The sponsors are aware that the project will not provide complete flood
free protection to all urban properties. The Terrell County Commissioners
Court will notify property owners in Sanderson of the flood hazards that
8till will remain after project installation and will discourage further
construction of improvements within the areas still subject to flooding.

The direct monetary floodwater damage, resulting from a recurrence of a
flood similar to the one that occurred in 1965 will be reduced about 97
percent with installation of the planned program of land treatment and
structural measures.

Application of the planned land treatment program is expected to reduce
annual upland ercsion from about 523,000 tons to 496,000 tons, a reduction
of 5 percent. The average annual sediment yield from the watershed will
be reduced from an estimated 73 acre-feet to 25 acre-feet as a result of
the combined program of land treatment and floodwater retarding structures.

The combined program is also expected to reduce sediment deposition in
Amistad Reservoir by 17 acre-feet per 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:

"With the project, the installation of lamd treatment measures,
except brush control, and the construction of floodwater retarding
structures should improve wildlife habitat. The harmful effects
of brush control would be offset by the planting of Johnson graas
on the cleared areas."

Analysis of information collected indicated that no significant changes
would be made in the use of agricultural land within the flood plain,
either in the form of restoration of former productivity or in more
intensive use. Conditions other than frequency of flooding are responsible
for the rather low intensity of agricultural use on most of the flood plain.

A total of 697 acres of land in sediment pools, dams, and emergency spill-
ways will be retired from agricultural production. All of this is grassland.

Jondirect damages, which are extremely high in the watershed because of the
catastrophic nature of large floods, will be virtually eliminated. Cost of
relief, precautionary health measures, and housing during the period of
restoration of homes will be minimized.

Secondary benefits, including improved economic conditions in the area, will
result from the installation of the complete project for flood prevention.

A continuation of the great mometary losses being suffered by the railroad
could result in the removal of the railroad terminal point from Sanderson.
This would result in a great loss of employment and affect adversely the
entire economy of the area. With the project installed, this hazard will

be reduced greatly. The operation and maintenance of the project measures
will provide some employment opportunities for local residents. 1In
addition, there are intangible benefits such as increased sense of security,
better living conditions, and improved wildlife habitat.
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PROJECT BENEFITS

The estimated average annual monetary floodwater and indirect damages
(table 5) within the watershed will be reduced from $387,055 to $8,047 by
the proposed project. This is a reduction of 98 percent.

The benefit from reduction of sediment deposition in Amistad Reservoir is
estimated to average $250 annually.

Benefits to landowners and operators from the planned land treatment
measures were not evaluated in monetary terms since experience has shown
that conservation practices produce benefits in excess of their costs.

Reductions in monetary flood damages vary with respect to locations within
the watershed. The following tabulations show the general locations of
damage reduction bemefits attributed to the combined program of land treat-
ment and structural measures,

Average Annual Damage

Evaluation: s : :
Reach : + Without : With
(figure 4): Location i Project : Project : Reduction
(dollars) (dollars) (percent)
1 Urban Area-Town of Sanderson 359,586 2,163 99
2 Sanderson Canyon 27,289 5,855 79
3 Three Mile Draw 180 29 84

Total 387,055 8,047 98

Direct Monetary Floodwater Damage

Average Recurrence Interval

Evaluation: 2-Year : S-Year : 25-Year : 100-Year

Reach tWithout : With :Without : With :Without : With :Without : With

figure 4):Project :Project :Project :Project :Project :Project :Project :Project
(dollars)(dollars)(dollars)(dollars)(dollars)(dollars)(dollars)(dollars)

1 1,500 0 402,041 0 1,367,275 750 1,736,132 56,514

2 3,329 0 8,893 3,167 16,122 7,663 20,297 10,438

3 0 0 267 0 790 188 1,136 464
Total 4,829 0 411,201 _ 3,167 1,384,187 8,601 1,757,565 67,416

It is estimated that the project will produce local secondary benefits, which
exclude indirect benefits in any form, averaging $29,395 annually. Secondary
benefits from a national viewpoint were not considered pertinent to the
economic evaluation.

Terrell, Pecos, and Brewster Counties have not been designated as areas
eligible for assistance under the Economic Development Act. Consequeantly,
no redevelopment benefits were considered.
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COMPARISON OF BENEFITS AND COSTS

The total average annual cost of structural measures (amortized total in-
stallation snd project administration cost, plus operation and maintenance)
is $231,627. These measures are expected to produce average annual benefits,
excluding secondary bemefits, of $359,907 resulting in a benefit-cost ratio
of 1.6:1.0.

The ratio of total average annual project benmefits, accruing to structural
measures ($389,302) to the average annual cost of structural measures

($231,627) is 1.7:1.0 (table 6).
PROJECT INSTALLATION

Landowmers and operators will establish planned land treatment (table 1) in
cooperation with the Rio Grande-Pecos River, Big Bend, and Trans-Pecos Soil
and Water Conservation Districts during a ten-year period. Technical
assistance in planning and application of land treatment is provided under
the going program of the districta. Soil and range surveys have been
completed on the entire watershed.

An estimated 50 percent of needed s0il and water conservation practices
have been applied. About 90 percent of the agricultural lamd is adequately
protected from erosion. The goal is to increase the level of land
adequately treated to at least 80 percent during the installation period.

In reaching this goal, it is expected that accomplishments of additional
adequate treaztment will progress as shown in the following tabulation:

: Fiscal Year
Land Use s 1st : 2nd : 3rd : 4th : Sth _: 6th
(acres) {acres) (acres) (acres) (acres) (acres)

Pasture 0 0 0 0 0 150
Rangeland 8,350 8,350 8,350 8,350 8,350 8,350
Total 8,350 8,350 8,350 8,350 8,350 8,500
: Fiscal Yesr - Continued :
Land Use ; th ¢ 8th : 9th s 10th : Total _
(acres) (scres) (acres) (acres) (acres)
Pasture 150 150 150 150 750
Rangeland 8,350 8,350 8,350 8,350 83,500
Total 8,500 8,500 8,500 3,500 84,250

The governing bodies of the Rio Grande-Pecos River, Big Bend, and Trans-
Pecos Soil and Water Conservation Districts will assume agressive leader-
ship in getting an sccelerated land treatment program underway., Landowners
and operators will be encouraged to apply and maintain soil and water
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conservation measures on their ranches. 1In addition, landowners and
operators of ranches where floodwater retarding structures will be located
will be encouraged to apply and maintain measures for the enhancement of
wildlife. The Soil Conservation Service will provide technical assistance
in the planning and application of soil, plant, and water conservation
measures,

Special emphasis will first be placed on getting a higher degree of land
treatment in the drainage areas of floodwater retarding structures. Then
" the emphasis will be on land outside drainage areas of structures.

The Extension Service will assist with the educational phase of the program
by providing information to landowmers and operators in the watershed.

The Terrell, Pecos, and Brewster County Commissioners Courts have rights of
eminent domain under applicable State law and have the financial resources

to fulfill their responsibilities.

The So0il Conservation Service, in compliance with a request from the sponsors,
will provide the necessary administrative and clerical personnel; facilities,
supplies, and equipment to advertise, award, and administer contracts; and
will be the contracting agency to let and service contracts. The Terrell
County Commissioners Court will represent sponsoring local organizations in
coordination with the Soil Conservation Service on mattera concerning

construction.

The Terrell County Commissioners Court will have the following responsi-
bilities pertaining to eleven planned floodwater retarding structures and

approximately 1,800 feet of chamnel improvement:
1. Obtain the necessary land rights for all works of improvement;

2. Provide for ballast, rails, ties, telegraph lines, power lines,
signal systems, temporary rerouting of traffic, flagmen, and/or
other features of modifying railroad bridge number 516.23
(Southern Pacific Company) not directly associated with
structural stability of the bridge and approaches;

3. Provide for the relocation or modification of utility lines
and systems, roads, and privately owned improvements necessary
for installation of structural measures;

4, Provide for the necessary improvements to low water crossings
on public and private roads to make them passable during pro-
- longed release flows from floodwater retarding structures or
obtain permission to inundate such roads where equal alternate
routes are designated for use during periods of inundation;

5. Determine and certify legal adequacy of easements and permits
for construction of the structural measures; and

6. Obtain a court order from Pecos County Commissioners Court
providing that the county road affacted by the embankment
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and detention pool of floodwater retarding structure No. 3
will be relocated at no expense to the Federal Goverument.

The Terrell County Commissioners Court will enter into a construction
agreement with the Southern Pacific Company on railroad bridge modification
after concurrence of the Soil Conservation Service. The Southern Pacific
Company, the Sponsoring Local Organizations, and the Soil Conservation
Service will review final construction plansa.

Construction of the channel, training dike, and appurtenances will be the
responsibility of the Soil Conservation Service. The Southern Pacific
Company will make the necessary modification of railroad bridge number
516,23 snd it's appurtenances in accordance with terms of the construction

agreement to be entered into.

Technical assistance will be provided by the Soil Conservation Service in
preparation of plans and specifications, construction inspection, pre=-
paration of contract payment estimates, final inspection, execution of
certificate of completion, and related tasks necessary to install planned
structural measures not including the railroad bridge.

The structural measures will be comstructed during the first nine years of
a ten-year project installation period in the general sequence as follows:

First Year = Channel Improvement

Second Year - Floodwater Retarding Structures Nos. 7 and 8
Third Year ~ Floodwater Retarding Structures Nos. 9 and 10
Fourth Year Floodwater Retarding Structure No. 11

Fifth Year « Floodwater Retarding Structure No. 2
Sixth Year - Floodwater Retarding Structure No., 1
Seventh Year - Floodwater Retarding Structure No. 6
Eighth Year - Floodwater Retardimg Structures Nos. 4 and 5
Ninth Year -~ Ploodwater Retarding Structure No. 3

In order for construction to proceed according to schedule, all land rights
for floodwater retarding structures and channel improvement are scheduled
by the Terrell County Commissioners Court to be secured by the end of the
time periods as shown in the following tabulation. The schedule will be
effective not later than the date the work plan is approved for operations.

Time Period Works of Jmprovement

First six months Channel Improvement and Floodwater Retarding
Structures Noa. 3, 4, 5, 7, and 8§

Second six months Floodwater Retarding Structures Nos. 9,
10, amnd 11

Third six months Floodwater Retarding Structure No. 1

Fourth six months Floodwater Retarding Structures Nos. 2 and 6

FINANCING PROJECT INSTALLATION

Pederal assistance for carrying out works of improvement described in this
work plan will be provided under authority of the Watershed Protection and
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Flood Prevention Act (Public Law 566, 83rd Congress; 68 Stat. 666), as
amended.

The cost of applying land treatment measures will be borne by landowmers
and operators.

Funds for the local share of the cost of this project relative to structural
measures will be provided by Terrell County. The Commissioners Court of
Terrell County will set aside revenue funds to finance the local share of
installation cost of the planned eleven floodwater retarding structures and
approximately 1,800 feet of channel improvement.

The sponsors will carry out all phases of project installation, operatiom
and maintenance and have the fimancial ability to make adequate arrangements
for carrying out their responsibilities.

It is anticipated that approximately 50 percent of the easements for
structural measuyres will be donated. Out-of-pocket costs for lamnd rights,
legal expenses, and project administration are estimated to be $66,700.

Structural measures will be constructed during the first nine years of the
ten-year project inmstallation period pursuant to the following conditions:

l. Requirements for land treatment in drainage areas of
floodwater retarding structures have been satisfied.

2. All land rights have been obtained for all structural
measures, Oor a written ststement is furnished by the
Terrell County Commissioners Court that its right of
eminent domain will be used, if needed, to secure any
remaining land rights within the project installation
period and that sufficient funds are available for
purchasing them.

3. Provisions have been made for improving low water crossings
or bridges and/or culverts on public roads, or court orders
or necessary permits obtained granting permission to
temporarily inundate the crossings, providing equal altermate
routes are available for use by all people concerned, during
periods when these crossings are impassable due to prolonged
flow from principal spillways of floodwater retarding
structures, If equal alternmate routes are not available,
provisions will be made, at no cost to the Federal Government,
to make the crossings passable during prolonged periods of
release flow from structures.

4. A court order has been obtained from the Pecos County
Commissioners Court showing that the county road affected
by the embankment and detention pool of floodwater retard-
ing structure No. 3 will be relocated at no expense to the
Federal Govermment.
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5. Utilities, such as power lines, telephone lines, and pipe-
lines, have been relocated or permission has been obtained
to inundate the properties involved.

6. Project agreements have been executed.

7. Operation and maintenance agreements have been executed.
8. Public Law 566 funds are available,

Various featurea of cooperation between the cooperating parties have baen
covered in appropriate memorandums of understanding and working agreements,

The soil and water conservation loan program sponsored by the Farmers Home
Administration is available to eligible ranchers in the area. Educational
meetings will be held in cooperation with other agencies to outline avajil~
able services and eligibility requirements. Present FHA clients will be
encouraged to cooperate in the program.

The County Agricultural Stabilization and Conservation committee will
cooperate with the governing bodies of the soil and water conservation
districts by continuing to provide financial assistance for selected

conservation practices.

PROVISIONS FOR OPERATION AND MAINTENANCE

Land Treatment Measures

Planned land treatment measures will be maintained by landowners and
operators of ranches on which measures are applied under agreement with

the Rio Grande-Pecos, Big Bend, and Trans-Pecos S5oil and Water Conservation
Districts. Representatives of the districts will make periodic inspections
of land treatment measures to determine maintenance needs and encourage
landowners and operators to perform maintenance.

Structural Measures

The Commissioners Court of Terrell County will be responsible for operation
and maintepnance of the eleven floodwater retardinmg structures and approxi-
mately 1,800 feet of channel improvement. This includes 8Site No. 1 in
Brewster County and Sites Nos, 2 and 3 in Pecos County.

Rsilroad bridge number 516.23 will be maintained by the Southern Pacific
Company.

The estimated annual operation and maintenance cost for floodwater retard-
ing structures and channel improvement is $7,100, Monies for operation and
maintenance will be supplied from the General Fund of Terrell County. This
fund is supported by revenue from existing taxes., Each year the Terrell
County Commissioners Court will budget sufficient funds for operation and
maintenance.
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A specific operation and maintenance agreement will be executed prior to
the issuance of invitation to bid on construction of any of the eleven
floodwater retarding structures and channel improvement.

Floodwater retarding structures and chaonel improvement will be inspected
at least annually and after each heavy rain by representatives of the
Terrell County Commissioners Court and the Rio Grande-Pecos River, Big Bend,
and Trans-Pecos Soil and Water Conservation Districts. A Soil Conservation
Service representative will participate in these inspections for a period
of at least three years following construction. The Soil Conservation
Service will participate in inspections as often as it elects to do so after
the third year. Items of inspection will include, but will not be limited
to, conditions of primcipal spillways and their appurtenances, emergency
spillways, and earth fills for floodwater retarding structures and de-
gradation, aggradation, bank erosion, the condition of rock riprap,
obstruction of flow caused by debris and/or sediment lodged against the
railroad bridge, growth of brush and trees, and the condition of side inlets
and drains for chamnel improvement. The need for frequent cleanout of
gravel deposits beneath the railroad bridge is anticipated.

Upon acceptance of the completed works of improvements from the contractors,
the Terrell County Commissiomers Court will be totally responsible for all
maintenance. Maintenance will be performed promptly as the need arises.

The Soil Conservation Service will assist in operation and maintenance only
to the extent of furnishing techmical guidance.

Provisions will be made for unrestricted access by representatives of
sponsoring local organizations and the Federal Government to inspect all
structural measures and their appurtenmances at any time and for sponsoring
local organizations to operate and maintain them.

The Terrell County Commissioners Court will maintain a record of all
maintenance inspections made and maintenance performed and have it available
for inspection by Soil Conservation Service personnel.

The necessary maintenance work will be accomplished either by contract,
force account, or equipment owmed by spomsoring local organizations.
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T. 1] - EST CT ST, T
Sandarson Canyon Watarshed, Taxas
: : :_____Estimated Cost (Dollars) 1/
: : :Public Law : :
: : Number :566 Funds : Other :
- : H Non~ H Non~ : Non- :
o : : TFederal : TFedaral : Foderal :
Installation Cost Ifem : _Unit 3 Land : Land _ : Land :  Total
* Soil Comservation Service
Rangeland Acre 83,500 - 160,756 160,756
Pasture Acre 750 - 27,764 27,764
Technical Assistance - 15,658 15,658
TOTAL LAND TREATMENT 204,178 204,178
STRUCTURAL MEASURES
Conatruction
So0il Conservation Service
Floodwatar Retarding Structuras No. 11 3,550,281 - 3,550,281
Chaunel Improvement Faot 1,800 197,036 - 197,036
Subtotal - Construction 3,747,317 - 3,747,017
Enginearing Services
Soii Comservation Service
Floodvater Retarding Structures No. 11 177,514 - 177,514
annel rovement Foot 1,800 9,868 - 9,868
Subtotal - Engineering Services 187,382 - 187,382
oject Administration
Soil Conservation Service
Construction Inspection 226,809 - 226,809
Other 319,187 5,200 325,387
Subtoral - Administration 545,996 6,200 552,196
Othar Costs
Land Bighta - 79,455 79,455
Subtotal - Other - 79,455 79,455
TOTAL STRUCTURAL, MEASURES 4,480,695 85,655 4,566,350
TOTAL PROJECT 4,480,695 289,833 4,770,528
=R— _ R — M ———
1/ Price Base: 1969
November 1969
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TABLE 1A ~ STATUS OF WATERSHED WORKS OF IMPROVEMENT

(at time of work plan preparation)

Sanderson Canyon Watershed, Texas

y : :  Number Total
: : Applied : Cost
i Measures : Unit To Date : (Dollars) l/
LAND TREATMENT
Proper Grazing Use acre 73,777 86,444
Range Deferred Grazing acre 23,492 17,619
Brush Control acre 3,637 73,281
Pasture and Hayland Management acre 1,000 2,000
Pasture and Hayland Plaanting acre 1,583 15,830
Diversion feet 10,251 6,151
Well no. 36 108,000
Trough or Tank no. 33 55,000
Pond no. 12 12,000
Pipeline feet 324,720 162,360
TOTAL LAND TREATMENT 538,685

1/ Price Base: 1968

427899 10-89
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TABLE 5 - ESTIMATED AVERAGE ANNUAL FLOOD DAMAGE REDUCTION BENEFITS

Sanderson Canyon Watershed, Texas

(Dollars) 1/

. :Estimated Average Annual Damage : Damage
: Without : With : Reduction
Item : Proiect : Project : Benefits
Floodwater
Crop and Pasture 530 189 341
Other Agricultural 3,334 996 2,338
Nonagricultural
Transportation 156,225 5,165 151,060
Urban 156,270 240 156,030
Subtotal 316, 359 6,590 309,769
Indirect 70,696 1,457 69,239
TOTAL 387,055 8,047 379,008

1/ Price Base: Adjusted normalized prices, April 1966.

November 1969
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INVESTIGATIONS AND ANALYSES
Land Use and Treatment

The status of land treatment for the watershed was developed by the Rio
Grande-Pecos River, Big Bemnd, and Trams-Pecos Soil and Water Conservation
Districts assisted by personnel from the Soil Conservation Service work
units at Sanderson, Alpine, and Fort Stockton, Texas. Conservation needs
data were compiled from existing conservation plans within the watershed
and expanded to represent conservation needs of the entire watershed. The
quantity of each land treatment practice, or combinatiom of practices,
necessary for essential conservation treatment was estimated for each land
use by capability class. The estimated number of acres, by land use, to be
treated during the project installation period ia shown on table 1,
Hydraulic, hydrologic, sedimentation, and economic inmvestigations provided
data as to the effects of land treatment measures in terms of reduction of
flood damage. Although measurable benefits would result from application
of planned land treatment measures, it was apparent that other flood pre=-
vention measures would be required to attain the degree of watershed pro-
tection and flood damage reduction desired by local people.

Hydrologlc soill and cover conditions were determined by detailed mapping
of a 38 percemt sample of the watershed.

Present hydrologic cover conditions were determined on the basis of the
percentage of vegetative ground cover and litter., Future hydrologic cover
conditions were estimated on the basis of the expected percentage of needed
land treatment to be applied durimg the imstallation period and the probable
effectiveness of the application.

Hydraulica and Hydrology

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

1. Basic meteorologic and hydrologic data were tabulated
from U. S. Weather Bureau climatological bulletins for
the rainfall gage at Sanderson, Texas., These data were
analyzed to determine seasonal distribution of precipitation,
rainfall~runoff relationships, and monthly runoff volumes.

2, Present hydrologic conditions of the watershed were determined
on the basis of cover conditions, land use and treatment, and
so0ll groups. An average condition II curve number of 83 for
the hydrologic soil-cover complex was based on a 38 percent
sample of the watershed.

Analysis of land treatment to be applied during the
installation period revealed that an average condition
II curve number of B2 is applicable for project conditions.

3. Engineering surveys were made of valley cross sections,

channel cross sections, high water marks, bridges, and
4-27005 10-69
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other features pertinment in determining the extent of
flooding. The cross sections were selected to represent
stream hydraulics and flood plain area., Final locatioas
were made after joint study with the economist and geologist.

4. Cross section rating curves for the urban area of Sanderson,
Texas, were developed by water surface profiles using the
computer facilities at the South Regional Technical Service
Center, Fort Worth, Texas. Rating curves for agricultural
valley cross sections were developed by Mannings' formula.

5. Stage-area inundated curves were developed for each valley
cross section. The area inundated by incremental depths of
fiooding was determined for each evaluatiom reach, using
runoff-peak discharge relationship for selected storms im
the frequency series.

6. Present and project condition runoff-discharge relatiomships
were determined by flood routing the 100-year frequency storm.
Present and project coudition peak discharges were then
determined for selected storms in the frequeacy series.

Routings were made for present and project conditions of
the 100-year frequency storm by use of the convex routing
method.

7. Determinations were made of the area that would have been
inundated by storms of the evaluation series under each of
the following conditioms:

a. Without project

b. Imstallation of land treatment measures
for watershed protection

c. Installation of land treatment and structural
measures (including several alternative systems
of structural measures)

8. The maximum release rates for the principal spillways of
floodwater retarding structures were designed to drawdown
the detention pool volume in 10 days or less after inflow
ceases.

9. The appropriate priacipal spillway, emergency spillway
design, and freeboard storms were selected in accordance
with criteria contained im NEH, Chapter 21, Sectiom 4,
Hydrology, Part I-Watershed Plamning.

Engineering

Studies were made on both the agricultural flood plain and the urbam flood
plain in Sanderson to locate those areas subject to flood damage. High

4-276988 10-6%




43

water marks of the June 1965 flood were im evidence. The areas subject to
flood damage were separated into evaluation reaches in order to formulate

the most feasible system of structural measures necessary to meet project

objectives,

No sites were given consideration as possible multiple-purpose structures
because of the poor water holding potential of soils in Sandearson Canyon

watershed.

Comprehensive surveys and investigations were made at thirteen possible
floodwater retarding structure sites and on approximately four miles of
Sanderson Canyon through the urban area of Sandersom.

Eleven floodwater retarding structures, approximately 1,800 feet of channel
improvement, and modification of Southern Pacific Company's railroad bridge
number 516.23 were selected for imclusion in the final work plan. Structure
locations are shown on figures 3 and 4.

Two floodwater retarding structure sites upstream from Site No. 2 were
investigated and analyzed but not selected for inclusion im the final
project. One site was on Dry Creek approximately 7 miles west of Site

No. 2. The long, high embankment necessary to obtain satisfactory storage
would have resulted in an excessive construction cost. The other site
considered was on a tributary which joins Dry Creek approximately 3 miles
upstream from Site No. 2. The drainage area of this possible site is small
and can be controlled by a structure at Site No. 2 at less construction
cost.

Sediment and floodwater storage, structure classification, and emergency
spillway layout and design meet or exceed criteria outlined in Engineering
Memorandum SCS-27 and Texas State Manual Supplement 2441.

Multiple routings of both principal and emergency spillways were made to
determine primcipal spillway sizings, detention storage requirements, and
to analyze the affects of release flows on downstream improvements such as
highway and railroad bridges and low water crossings. Least cost studies
were made on the planned floodwater retarding structure sites because of
extensive rock excavation and the large embankment quantities required.
Because the rock will be thick to massively bedded, hard limestone with
only slight dip, vertical slopes in the rock portions of emergency
excavation will be stable.

A detailed investigation was made of State, county, and ranch roads having
crossings on streams below floodwater retarding structures.

Structure data tables were developed to show the total cost of each
structure (table 2). Table 3 provides specific site information. Table 4
was developed to show separately the amnual installation cost, annual
maintenance cost, and total annual cost of structural measures.

The slope area measurement computations indicate that an average velocity
of 11 feet per second occurred during the 1965 flood through the area of
planned channel improvement. The water surface profile computatiomn
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indicates the highest average velocity in the improved chanmel also will be
11 feet per second with the total project installed.

Water surface profile computations indicate that, under project conditioms,
the 100-year frequency storm will pass through the proposed modified rail-
road bridge without overtopping or endangering the safety of the railroad.

Geology
Soils and Foundations

Preliminary geologic investigations were made at each of the floodwater
retarding structure sites to obtain information onr the nature and extent of
embankment and foundation materials, types of materisl in emergency spillway
excavation, emergency spillway stability, and other problems that might be
encountered during construction. These investigations included surface
observations of valley slopes, alluvium, channel banks, ard exposed geologic
formations; hand auger borings; and hand portable seismograph tests.
Geologic maps, reports, and well logs pertaining to the watershed vicinity

were studied.

Pindings of these investigations were used to aid in estimating structure
costs and to assure that sites selccted are feasible for construction.

The entire watershed lies within a deeply dissected area of the Edwards
Plateau, a subprovince of the Great Plains Physiographic Province. All
planned floodwater retarding structures will be located on the outcrops of
the Edwards Limestone and alluvium, colluvium, and terrace deposits of the
Pleistocene and Recent Series.

The Edwards Limestone consists mainly of massive beds of subcrystalline,
dense, fine grained, brittle limestome containing thin beds and nodules of
flint, There are also occasional layers of shale or thin bedded limestone.
Solution of the Edwards Limestone is indicated by minute cavities and small
caves, but there is no evidence of any large interconnected cavern system
in the watershed viecinity.

Sanderson Canyon was once much deeper than it is today. Thick Quaternary
deposits of interbedded silty gravel, clayey sand, sandy clay, and silty

clay occupy the valleys of Sanderson Canyon and its tributaries. A study
of well logs indicates that the alluvium ranges to greater than 250 feet

in thickness, :

The structure of the rocks exposed within the watershed is rather simple.
The regional dip is about one degree south-southeast. Minor faultinpg was
seen north of Sanderson in the form of morthwest trending shear zomes and
normal faults of little displacement. A very gentle anticlime occurs in
the western part of the watershed and is incised by the valley of Dry Creek.

Foundations of floodwater retarding structures will be predominantly thick
Quaternary Alluvium, which includes very highly permeable horizoms. The
need for foundation and embankment drainage features is anticipated. Onm
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site materials should be suitable for use as filter material at most sites.
Foundations are expected to have good bearing and shear strength.

The higher portions of abutments and emergency spillway areas are generally
characterized by a thin so0il mantle, nonexistant in some places, underlain
by the Edwards Limestone. The surface slope of the limestone on abutments
and in the subsurface is believed to be gentle enough to preclude serious
differential settlement problems in foundations.

The following tabulation shows preliminary estimates of rock excavation
volumes in emergency spillways.

Site Number Cubic Yards

72,935
98, 300
70,480
58,200
18,870
72,330
15,470
31,110
42,220
65,120

102,650

FPOWRSOWM P LN -

et

The rock through which emergency spiilways will be excavated consists of
slightly dipping, highly durable, thick-bedded to massive limestone.
Vertical cuts in the rock portions of emergency spilllway excavation will
be stable,

Ample soils, suitable for embankment use, are available within sediment
pool areas. Fine-textured soils are rather scarce at some sites. It is
estimated, however, that sufficient volumes of silty clay, gsandy clay, and
gravelly clay are available at all sites for construction of minimum central
sections of very slowly permeable material. The remainder of embankments
will be comprised primarily of clayey sand, sllty gravel, and sandy gravel
from sediment pool areas and limestome from emergency apillway excavation.
The gravel content of the coarser-textured soils is sufficiemnt for matural
development of protective desert pavement. This is particularly important
at sites where emergency spillway excavation will not yield sufficient
volumes of limestone for complete rock outer embankment sections.

Sufficient volumes of surface water for construction purposes are not
available in the watershed vicinity. It will be necessary to use ground
water. Some water probably will be pumped from on-site wells, but low
yields could make necessary the piping of water from more reliable sources
in the near vicinity. The Maxon Sandstone is the main water=-bearing
formation in the watershed area. The overlying Edwards Limestone and
Quaternary Alluvium contain very little water. Apparently there are no
extensive impervious layers to prevent water from seeping dowmward through
the Edwards Limestone and into the Maxon Sandstone. Based on well data in
the Sanderson vicinity, it is estimated that the water depth will average
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about 400 feet at floodwater retarding structure sites and that the yields
will range from 10 to 30 gallons per minute.

Detalled investigations, including exploration with core drilling equipment,
will be made at all sites prior to final design. Laboratory analysis will
be made to determine suitability and methods of handling foundation and
embankment materials.

Ground Water

A limited investigation was made to determine the probable effect the
project would have on ground water resources of the area,

Pertinent information was gathered from United States Geological Survey
publications concerning ground water in the vicinity of Sanderson. Field
studies included mapping of surface geologic strata, The Maxon Sandstone
(Trinity Group) is the main aquifer underlying the watershed. It is exposed
in the western portion of the watershed, but it dips beneath the surface
toward the east and occurs at a depth of about 300 feet at Sanderson.
Throughout most of the watershed, the Maxon Sandstone is overlain by
formations of the Fredericksburg Group, constituted mostly by the Edwards
Limestone. Thick deposits of permeable Quaternary Alluvium overlie the
Fredericksburg Group in the valley of Sanderson Canyon.

The strata overlying the Maxon Sandstone contain very little water.
Apparently there are no impervious beds extensive enough to prevent water
from seeping downward and into the sandstone. Shale and limestone beds
within the Glen Rose Formation make up the lower confining layer for water
in the Maxon Sandstone.

Instailation of floodwater retarding structures will cause some increased
ground water recharge which will benefit both rural and urban residents in
the Sanderson vicinity. Investigations to determine adequate estimates

of average annual volumes of ground water recharge under present and project
conditions would require excessive time and funds in relation to expected
benefits, For this reason, no detailed studies or monetary evaluation of
ground water recharge were made.

Sedimentation

Sediment Storage

Determinations of 100-year sediment storage requirements for the planned
floodwater retarding structures were made according to the following
- e procedure:

Detailed studies of soils, slopes, and cover were made within
. sampie areas covering 38 percent of the watershed. The sample
areas were selected to be representative of the watershed in
respect to sediment producing characteristics, Average annual
sheet erosion rates, for both present and future conditions,
were computed. The soll loss equation by Musgrave was used.
Estimates of average annual sheet erosion within drainage
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areas of structure sites were based on the computed erosion
rates,

Computations of gully and stresmbank erosion were based on
estimated lateral bank erosion rates, bank heights, and channel
lengths affected by erosion.

Sediment delivery ratios and trap efficiency adjustments were
applied to computed average annual erosion to arrive at estimates
of sediment volumes to be deposited in reservoirs.

Because of the expected high rate of seepage losses in pools of
floodwater retarding structures, all sediment was computed as
aerated. Therefore, no allowance was made for differences in
density between soil in place and sediment.

Allocation of sediment to the pools of floodwater retarding
structures was based on sediment texture and reservoir
topography. The allocation was approximately 90 percent in
sediment and sediment reserve pools and 10 percent in detention
pools.

Flood Plain Lapd Damages

Investigations were made to determine the nature and extent of physical
damage to flood plain lands. The cross section method was used in
accordance with prescribed procedures.

Reductions of damages caused by flood plain scour and overbank deposition
of sediment were not calculated because such damages were found not to be
monetarily significant. .

Reservoir Sedimentation

Studies of sediment sources in Sanderson Canyon watershed were used as a
basis for estimating the effects of the planmed project on sediment
deposition in Amistad Reservoir, Sediment delivery ratios were estimated,
by sources, for mon-project and project conditioms, making allowances for
such factors as size, shape, topography, and relief-length ratio of the
sediment contributing area; density, drainage patterm, gradient, and
capacities of channels; and texture of sediment.

The estimated sverage annual sediment yield to Amistad Reservoir from
Sanderson Canyon watershed is 28 acre~feet. An average ammual reduction of
17 acre-feet of sediment deposition in Amistad Reservior is expected as a
result of the installation of land treatment and floodwater retarding
structures on Sanderson Canyon watershed.

Channel Stability

Both aggradation and degradation are occurring in the streams of Sanderson
Canyon watershed, but when considered as a whole, the stream-system is in
regimen. This is true in that streambed adjustments to changes in
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characteristics of flow and sediment load are gradual. Field studies and
mechanical analyses of bedload indicate that moderately well graded gravel,
which extends to zreat depth, constitutes the material through which channel
improvement will be installed. The D75 grain size is about one inch. More
than 90 percent of the badload volume ranges between 0.15 millimeters and
12 inches. Medium boulders are found scattered throughout the bedload.

The fine grained fraction is insignificant. Degradation is prevented by
armor plating in the thalweg, which is incised about one foot beneath the
bar surface. During the flood of 1965, the peak velocity of flow within
the channel banks reached approximately 20 feet per second. The channel
bed and banks remained stable above and below the railroad bridge, and
gravel deposits filled the major portion of bridge openings.

Because of the stability of the present channel during major flows; the
supply of bedload sufficient to fully charge major flows; the extenaiveness
of coarse gravel, cobbles, and boulders immediately available for armor
plating; and decreasea in discharges and velocities after total project
installation, degradation is not expected to be & problem in the segment of
channel to be improved. Instead, some aggradation 1is expected beneath the
railroad bridge. It is anticipated that frequent cleanout of gravel
deposits will be necessary.

Economics

Basic methods used in the economic investigations and analyases are outlined
in the "Economics Guide for Watershed Protection and Flood Prevention”,
U. S. Department of Agriculture, Soil Conservation Service, March 1964,

Because of the diversity of damageable values and flood plain charac-
teristics, the flood plain was divided into three evaluation reaches
(figure 4). Of these, one was in the urban area of Sanderson.

Determination of Nonagricultural Damages

Because the major floodwater damages in this watershed are to nonagri-
cultural property, the synthetic frequency method of analysis was used.
Information was collected in the field on damages experienced from the
flood of June 1965 and from several minor floods. At the same time an
evaluation was made of the damages that would occur from a flood which
could be expected to occur on an average of once in 100 years. Under
without project conditions, a flood of this magnitude would resnlt in high
water elevations in Sanderson of from approximately 1.0 foot to 1.8 feet
higher, than the high water elevationa experienced in 1965. High water
marks from the experiemced floods were used to determine peak stagea which
in turn were related to stages calculated for the synthetlic series. Stage
damage curves were developed to cover the range of damage producing flooda.
Average annual damages under the preasent state of development were
calculated,

Because a high percent of the damage by the larger floods is to buainesses,
indirect damages assoclated with urban flooding will bear a higher than
normal relationship to the direct damage. FExpenses agssociated with
dislocation of residents and rehabilitation of businesses will be extremely
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high. Por this reason, it is estimated that indirect damages to urban
property would approximate 20 percent of the direct damage.

Estimates of damages to railroads, roads, highways, and bridges in the flood
plain were obtained from railroad officials, county officials, state highway
officials, and supplemented by information from local residents. It was
estimated that indirect damage to transportation facilities would approximate
25 percent of the direct damage.

Determination of Agricultural Damages

Agricultural damage calculations were based on information obtained in
interviews with owners and operators of approximately 50 percent of the
acreage of the flood plain. Schedules covered floeding and flood damage;
past, present, and intended future use; and yield data. Verification of
information gained by interviews in the field waa obtained from local
agricultural technicians.

The syuthetic frequency method of analysis of damages was used, and the
occurrence of more than one flood in a growing season was considered im
determining crop and pasture damage. The computed damages were discounted
for the recurrence with allowance for partial recovery between floods.

Other agricultural damages to fences and farm roads and livestock losses
were estimated from information collected in the field and correlated with
area and depth of flooding.

Indirect damages involve such items as additional travel time for ranchers
in transporting products and farm equipment, cost of extra feed for live-
stock, loss of benefits from grazing, and other related items. It was
estimated that indirect damage to agricultural property would approximate
10 percent of the direct damage.

Nagative Project Benefits

Areas that will be used for project construction and areas to be inundated
by pools of reservoirs were excluded from damage calculations. Net income
from production to be lost in these areas after installatiom of the project
was compared with the appraised value of the land amortized over the period
of project life. No production in sediment pools was considered, and the
land covered by detention pools was assumed to be rangeland under project
conditions. The annual value from the loss of net income from these areas
was less than the amortized value of the land; therefore, the easement value
was used in economic justificatiom.

Seco ry Benefits

The value of local secondary benefits stemming from the project were
estimated to be equal to 10 percemt of direct benefits. This excludes all
indirect benefits from the computation of secondary benefits.
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Fish and Wildlife

The Bureaw of Sport Fisheries and Wildlife, in cooperation with the Texas
Parks and Wildlife Department, has completed a reconnaissance study of
Sanderson Canyon watershed. This report was valuable in work plan develop-
ment pertaining to fish and wildlife. In addition to data presented in

s other parts of the work plan, the following recommendations are reproduced
from the Bureau of Sport Fisheries and Wildlife recomnnaissance survey report:

"It is recosmended that:

1. Serious consideration be given by the project aponsors
to include additional storage for fishing and hunting
and other forms of recreation in any of the reservoirs
that will maintain a permanent pool of sufficient depth
to sustain fishlife year sround. '

2. Contingent upon the development of additional storage,
as advocated in Recommendation No. 1, preparation of
the basin and stocking of the reservoir should be done
under the advice of the Texas Parks and Wildlife

Department.

3. As much brush and timber as possible be retained in the
project area for wildlife.

4., When brush control results in the loss of wildlife cover
and food plants, Johnson grass or other plants useful to
wildlife and adaptable to the area should be planted on
cleared areas, or on areas where soils are suitable for
their growth.

The sbove recommendations are in conformance with U.S.D.A. Soil
Conservation Service Biology Memorandum-7 (Rev. 1), Natiomal
Standards for Biology Practices. If adopted as a part of the
plan of development, losses of wildlife habitat would be mitigated
and fish and wildlife benefits would accrue to the project.

A detalled study of the watershed by the Bureau of Sport Fisheries
and Wildlife is not conaidered necessary at this time. Should the
sponsors desire, our Bureau, in cooperation with the Texas Parks

and Wildlife Department, would be happy to be of further assistance."

427999 10289




120°011-p  69-01'A0y

LT TR T T T TP
331AH3S WOILYAHISNOD 1105 'IANLINT I4DY 30 hrulhmimuo.n.a

JANLONYLS ONIQYVIIY YILYMA0OTS WIIJAL ¥ 40 NOILDIS
| 8indi4

M

Jl

\\\\\\M\\\\\\\\ .

e LITMINGD AVMIT1dS T¥d1INIHd
Ak __

s #

. 1004 INIWI0IS == 1Id MO4NOY 3
%, ) AT A AT Sy =" )
Sl I 1 v — .

!I

&
QXRLERHLES, wtg
oot e lutebiviolel >
SRS L I
$e0s 0, 0e 0%

e N ¥y -t v v v e S\ - v e o e i

104 1u0d N =

S e _ FeRRsrrees T [ meddsconacoancns JAYISIH tHIWIQIS ®
L= AYATT1dS T¥dIONI4d T T e e e e e
et LV VI TIIL ETE e nna e 3

UISIHD AYKMTTIAS ADNA983M3




Ly

62G982-1-1 69-01

€2'Q1G "ON 9bplug peod)iey saoqy £|oje)poww

INAWIAOYdWI TINNYHI 40 NOILDIS SSOY) 1VJI1dAl
y-1 84nbig

satdep

||||| i
: T
D

aU |7 punoJdy ‘*xouddy

Jusuyuequ3
peol|iey lo dof




57

P!
X

Oownstresm Toe

00

Faature Aoad

12" Berrm
ELGGE.O

114

&
@r2
-4

-

Emergency Soiliwey

Baseline

- R 3f §ta 14F6T08 on € Darm
§ 20~ 0" Agh!

5. 3100 & Principal Spiflway

2 5k 20764 € Osm

Nofe; Excavated slapes, on fhe leff side of fha

Ermergency Spillway, thet are in reck
shail nof be steaper than 1./, .
Rosk Flﬂl:'rg (shall be plagad o5
mbsniment_See Sheef 3}
Ey 2

Too Orke with 1 Ff of
spalls and fires.

Rock .Blanket

Zone 3 of

Approx. Grevrd Line '\
S H

Finished Grade ~

03, (See Sheet 3)

Aight Oike
Earth Fill, embankment

EMERGENCY SPILLWAY $f2. 8+09.96.0n Rught Side of Emerglnc
CLURVE DATA Sprljway % $F.1dH708on Eof 0:%: 4 _
4 570 PLAN OF EMBANKMENT AND SPILLWAYS
. . o7
lD? : figﬂ ;‘B' - [ 10 200 50 406 %00
é‘C "s"fg'w? & ScaLe In Feet
I X v Y 70 [ 7d6.
BT« St9 wrn Sh./tdGd_5s. 14764 64 2 e W T
. E7ade ) [ETHEG — £l 7445
e N
S . i ‘..9../
740 ~ I
ﬂ / k\ Emergency Spillway Cresf Ef 735.4 7 ;
290" I LAY i /|
730 L\ t = ANY ]
. A 1
Emerglncy Sprilway Crest Section N /
on the € of the Dam ™ i
\ ]
720 \ | ,f
\ ; {
\ \\ /_ dporox. Ground Line ,:/
k)
{
710 A\ H
\‘ i
A ’
% {
\ /
% :
To0 7 i
Lower Limit of Cutoff Trench ==\ o . .'/
{See Sheef 3 for locslion of \\% " Principal Spiliway Crest EL G904 2 i
(1 Lulebt Trensh) \ ™~ ,f/
N, i
N\ .-
. '7
80 < 1
\\ 1
\\ el [}
N
i
s70 | Nors: Cormplefe soil and Fouridation a b ¢
0 rnvestigation oals fogether with \ ~ /T
loborafory fosl dote sroaveiiable ~— i
in L8 field consbruction offrce [~
For revisw by prespective bidders.
12430 440 1&:00 18400 20000 2:00
PROFILE ON ¢ OF DAM

[174

———————————
USDA-SC5-FORT WDRTH, TEX, 1989

290"

ﬁf'g’h)‘ Orke: From S1a 7450 fo 512 8425, El 744.6

Erom Sfe 8425 fo SFa.8¥75, H=92 fL
Nofe: Materssls used in farm;}f drke shal/
be placed and paid 23 “Earthfill, Embankment”,
/See Sheef 3 for placernent of rock materials)

TYPICAL SEGCTION - EMERGENCY SPILLWAY

*Aoprox. Ground Line

750 {

700 | —
% 02%

Einished Grade

730

0100

720 pim

PROFILE ON BASELINE OF EMERGENCY SPILLWAY

Figure 2

TYPICAL
FLOODWATER RETARDING STRUCTURE
EMBANKMENT AND EMERGENCY SPILLWAY
PLAN AND PROFILE

U. 8. DEPARTMENT OF AGRICULTURE
SOIL CONSERVATION SERVICE
R 3!;#& -Zf,,-/:f:,- LT

FORT FONTH TEAAS,

" SiRIE CONNRRVALIOR CRRIRERR 3 C *

IOMPLE TELAS

'S'rmz: Drawing Mo
o 4-E-21,155

ot f7

REV.I10-6%




5
MATER | AL PLACEMENT OATA 2
souﬁ:fe:’ifafs'“ FieldTacsotnirol Placement anc Compaction Requirements Laboratory Test Qata
Max ., Min. Ory(Mojsture
Embank- ) Type or Max, |Uncom-|Spepified|0ensity,| Limits, Max . .
ment | Material Averega| ynified Mlow= |pacted| Coppac~ | Percent |Relative Curve Ory Optimum
Zone | Location Oepth, |classifi-| ASTM Test able Layer ion of Field|tg Field| ASTM Test No. |Oensity, |Moisture,
No. /2 feet |* cation Particle| Thick- (:Pass Test Test p-c.f. %
| Size ness Max. Ory| gptimum
N From| To Number | Method ‘ Censity FErom [To [Humber [Methad
| Borrow A-1| 0| 2 MH D-i557] A 6" gt ) 90 Opt. [+U%[0-1557) A | 101.0 20.5
| Borrow A-I] 2| U CH D-1557] D 6" g" A 90 -1% |+5%1D-1557| C i-x | 14,0 4.0
| Borrow A-1l % |10 CH 0-1557; A - g " A 90 Opt, [+5%(0-1557 A y 109.0 i7.0
| Borrow A=l 10 [y cL B=1557 0 6" 9* A 90 =% [+4%|0-1657| C 2-% 119.¢ 4.0
[ Borrow A-3] 0 | 8 CH G-1557 © &" " A 90 -1% +u%|0-1557| C Y=X | 110.0 18.0
| Borrow A-3| 9 |18 cL G-1557 & 6" 9" A 90 -1% +4% |5-1557| A 8 116.5 14.5
2 Berrow A-1] 3| 6 &C C-1557] A g" an A 90 -2% [+3%|D-1557( & 3 113.5 14.5
2 Borrow A-I| 11 |16 GC C- 1557 ] 6" 9" & S0 =% [pu%|C-1557 C 3% 127.0 10.5
2 Borrow A-3| 0|1 GC r-1587] © 6" 9" A 0 -1% FUR|C-1557 C 6=¥ 126.0 10.0
Limestone - - " u
3 /3 Rock 24 24 /4
Lirestone - _ "
y /3 Rack 2ur 24 /5
/1 The zone boundaries shown in the typical section are approximate. Adjustments will be made by the Engineer to permit the use,
witin the neat lines of the embankment, of all suitable materials from the required excavations.
/2 Materials from the required excavations that are not tabulated in the table abose and that are suitable and acceptable for earth
flltl shall have the same placemeni and control requirements as that specified for iike materials covered under Materials Placement
Oata.
/3 Rock materials For cons' uction of Zones 3 and Y rock Facing for the emergency spillway dike, and the rock lining of the plunge
Lampc ConponaTion basin shown on Sheet 5 shall be obtained from the required rock excavation in the emergency spillway and foundation excavation and
from the over-sized rock material from the borrow and cther required excavations. The Contractor shall be required to excavate
approximately 26,000 cu, yds, from Borrow Area "B" to fulfill the requirements for rock materials shown in the typical section.
. /M Wo specified compaction or moisture contirol will be required. The rock placed in Zone 3 and in the rock lining for the plunge
Em’rg/‘”‘VSp’”w’VC’afE’{735'4 basin shall be dumped and spread into place in approximately herizantal layers not more than 2 ft. in thickness and shall be
placed in such a manner as to produce a reasonably homogenecus, stable fill that contains no segregated pockets of large or small
fragments or large unfilled spaces caused by bridging of the larger fragments, .
Sediment Poof Arez and Principz/ bflhere a bengng layer beneath the rock is specified, the bedding materials shall be jpge?diﬂn”or?ly on }he p;e?ared sult:uli.ladg sur=
; ] aces to the “epths indicated. Compaction of the bedding layers will not be require u e surfaces of suc ayers sha e
S'pn’."mz/ Crest £1690.4 finished free .rom mounds, dips, or windrows, !
/5 No specified compaction or moisture control will be required. The rock placed in Zone Y shall be dumped and spread into place in
layers not more than 2 feet 'in thickness. The reck shall be placed and manipulated so that the completed

Approx, Limifs of
Beorrow Area 87

doprox. Limfs of
Auxiizry Borrow Ares *A4*

Limils of Clearing for
Auyxitiary Borrow Area 4"

H.L NeLson

BertuoLp Loep
ALBERT LoEP
Hups KeibeMEYER
Tom TIMMERMANN

Nofe: For imifs of Clearing snd C."e:rf';lgand

STORAGE Grubb.rhj see Construction Specificalion 162,
ELEVATION |SURFACE ACRES - -
Acre Feet Inches /.k \.\
688 16 94 0.4 Limifs of CutafE Franch | 12
£90.4 8 L35 0,20 GENERAL PLAN OF RESERVOIR -
532 2 166 0,24y
2(9)2 ;’g 3_73; g :714 o 640 20 1956 2240 TYPICAL SECTION - ZONED EMBANKMENT
70U 29 518 075 ScalLe N FEET
708 4o 692 (] NOTE: The £ of the cutoff trench shall coincide with that of the em- y .
712 59 ags 1.32 bankment from Sta. 14«64 te Sta. 16+00 and from Sta. 22+00 to Sta, Foundation Drafn
716 70 1166 1.69 22+57. From Sta. 16+50 to Sta. 21+80, the € of the cutoff trench shall
= be located 20 ft. upstream from the € of the embankment. Transition
720 -1 1470 €13 sections between Sta, 16+00 and Sta. 16+50 and between Sta. 21+50 and
724 g5, 1824 2.64 Sta.. 22+00 shall be as staked by the Enginesr. -
728 110 2234 3.24 - Figure 2a
EE N T EXE ZONED EMBANKMENT DATA TYPICAL
7. a7, 37 b.61 FLOODWATER RETARDING STRUCTURE
740 71 012 5. 67 GENERAL PLAN OF RESERVCIR B SECTIOCN-ZONEQ EMBANKMENT
Top of Dam {effective) Elev. TH4. 5
Emergency Spillway Crest Elev. 735.4 U. S. DEPARTMENT OF AGRICULTURE
Principal Spillway Crest Eley, 590_4 SOH.J CONSERVATION SERVICE
Sediment Pool Elev, 690, 4 Dats AW—
Orainage Area, Acres 8,272 wowd MK e s vomaes v
Sediment Storage, Ac. K] rom morm nrae %,
Floodwaier Storage, Ac. Ft. 3,01 L. £/ — YT TonEnrerion Chnere S £
Ex. Emergency Spif Iway Gap., cis 0,115 raced ML Q. 276 ] Roat ;::«u No.
REV. 10-69 Coaened MOK EQHT . 4-E-21,155

approximately horizontal
fill shall be graded with the smaller rock fragments placed toward the inner portion of the
placed on the outer slopes and shall be placed in such a manner as to produce a stable fill that contains no large unfilled spaces
caused by bridging of the larger fraction. |Inclusion of spalls, gravel, and other fine materials in an amount not in excess of
that required to fill the voids in the coarser material will be permissible. Placement and manipulation of the rock material may
be accomplished by initially depesiting the rock material in & sequence of workable piles or layers near the outer edge of the
concurrent |ifts of Zone 2, in order to provide suitable room for a raking or combing operation to move the rock material inte

Zone Y and accomplish the specified placement.

fitl and the larger rock fragments

/¢’ Note: Top Dam and Berm with # minimum of [0F1f
- of Spdlis snd Fines or selecled Qrave/
materisl, g5 dirgcted Sy rhe Fnginser.
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URBAN FLOOD PLAIN
SANDERSON, TEXAS
SANDERSON CANYON WATERSHED
BREWSTER, PECOS AND TERRELL COUNTIES, TEXAS -
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See Figure 3
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. s Approximate Area 138,240 Acres
e Polyeonio Prolschion Rev.10-69  4-R-27,804

Aug. 1967 Rev. March 1968 4—-R-24658






