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WATERSHED WORK PLAN AGREEMENT

between the

Central Texae Soll Conservation Dietrict
Local Organization

Bell County Water Control and Improvement Dietrict No. 6
Local Organization

Local Organization

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

and the

801l Conservation Service
Unitad States Department of Agriculture
(hereinafter referraed to as the Sarvice)

Whereas, application has heretofore baen made to the Sacretary of
Agriculture by the Sponsoring Local Organization for assietance in pre-

paring a g}nn for wvorks of improvement for the
olan Creek Watershed, State of T

under the authority of the Watershad Protection and Flood Pravantion Act
(Public Law 566, 83d Congress; 68 Stat. 666), as amended; end

Whereas, the responeibility for administration of the Watershed
Protaction and Flood Prevention Act, as smended, hae heen assignad by
the Secretary of Agriculture to the Service; and

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

plan for works of improvement for the Molan Creek
Wetershed, State of Taxas ’

herelnafter referrad 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, the Sponsor-
ing Local Organization and the Secretary of Agriculture, through the Ser-
vice, hereby agree on the watershed work plan, and further agree that the
works of i{mprovement as set forth in 8aid plan can be installed in sbout
years.

It i8 mutually agreed that in installing and operating and maintain-
ing the works of improvement substantially in accordance with the terms,
conditions, and stipulations provided for in the watershed work plan:

1. The Sponsoring Local Organization will acquire without cost
to the Federal Government such land, easements, or rights-
of-way as will be needed in connection with the works of
improvement. (Estimated cost $§ 130,166 D)

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

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

Sponsoring
Works of Local Estimated
Improvement Organization Service Construction Cost
(percent) (percent) (dollars)
12 Floodwater
Retarding Structures 0 100 1,264,008
2.81 Miles Channel
Improvement 0 100 86,873
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The Sponsoring Local Organization will pay all of the coats
allocated to purposes other than flood prevention, and irrf-
gation, drainege, end other agricultural water management.

4. The percentages of the cost for ingtalletion services to be
bornme by the Sponsoring Local Organization and the Service ere
as follows:

Sponsoring Eetimatad
Workas of Local Installetion
Improvement Organization Service Saervice Cost
(percent) (percent) (dollars)
12 Floodwater Retarding
Structures 0 100 267,834
2.81 Miles Chammel
Isprovement 0 100 29,993

5. The Sponsoring Local Organization will bear the costs of
administering contracts. (Estimated cost $§ 6,500 2)

6. The Sponsoring Local Orgenization will obtain agreements from
owners of not leas than 50% of the land above each floodwater
retarding structure that they will carry out conservation ferm
or ranch plans on their land.

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

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

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

10. The costa shown in thia agreement represent preliminary esti-

mates, In finally determining the costs to be borne by the
parties hereto, the actual costs incurred in the inatalletion
of works of improvement will be used.
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11.

13.

The szigning of this agreement was authoriped by a resolution of the govern-

This agreement does not constitute a financial document

to sarve as a basis for the obligation of Fedaral funds,
and financial and other agsistance to be furnished by the
Servica in carrying out the watershed work plan is contin-
gent on the appropriation of funds for this purpose.

Where there iz & Fedaral contribution to the construction cost
of works of improvement, a separate agreement inm connection
with each construction contract will be entered into between
the Service and the Sponsoring Local Organization prior to the
l1sguance of the invitation to bid. 8Such agreement will =at
forth in detail tha finencial and working arrangements and
other conditions that sre applicable to the spacific works of
improvement.

The watershed work plan may be amended or revised, and this
agreemant may be modified or terminated, only by mutual agree-
ment of the parties herato.

No membar of or delagate to Congress, or raesident commisseioner,
shall ba admitted to any share or part of thise sgreement, or
to any banefit that may arise therefrom; but this provisien
shall not be construed to extend to this agreement if made
with a corporation for its general benefit,

Central Texas Soil Conservation District

ing body of ths Central Texas Soil

Local Organization

adopted at a meeting held on March 19, 1963
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Bell County Water Control & Improvement District No. 6

Local Organization

By

Mark 4. Nash
Title -

Date d;é ,'Z z V7 ¥4

The signing of this agreement was authorized by a resolution of the govern-
ing body of the Bell County Water Control & Improvement District No. 6
Local Organization

adopted at a meeting held on D:;;?;;% §§ 1962
(Secretaﬁg‘\tvcal Organixation)
N e e
/ s «/
Soil Conservation Service

United States Department of Agriculture

| By

Administrator

Date

Revised 10/1/56
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Prepared Under the Authority of the Watershed

Protection and Flood Prevention Act, (Public

Law 566, 83rd Congress, 68 Stat. 666), as
amended .

Prepared By:
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Bell County Water Control and Improvement District No. 6
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With Asgsistance By:
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Soil Conservation Service
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WATERSHED WORK PLAN
NOLAN CREEK WATERSHFD

Ball and Coryell Counties, Texas
December 1962

SUMMARY OF PLAN

General Summary

The work plan for watershed protection and flocod prevention for Nolan Creek
watershed was prepared by the Central Texag Soll Conservation District and

the Bell County Water Control and Improvement District No. 6 as sponsoring

local organigations. Technical assistance was provided by the Soil Conser-
vation Service of the United States Depertment of Agriculturs.

It 18 significant that the entire cost of developing the work plan for
watershed protection and flood prevention was borne by the sponsoring

local organizations.

The primary objectiva of the project is to provide flood protaction to
agricultural lands along Nelan Creek and its tributaries and to the urban
areas of Killeen and Belton. The project as formulated meets these objec-
tives. The sponsoring local organizations determined that no organieed
group was interested in including additional water storage for any agri-
cultural or nonagricultural water management purpoees.

The watershed covers an area of 115 square milas, or 73,600 acres in Bell
and Coryall Counties, Texas. Approximately 13 percent of the watershed 1s
cropland, 35 percent 18 rangeland or pasture, 29.4 percent is military
establishments, and 22.6 percent 18 in miscellaneous uses such as urban
area, roads, raillroads, farmsteads, and stream channels.

The watershed includes 21,672 acres of Federally owned land which comprises
portions of the Fort Hood Military Reservatiom.

The work plan proposes installing, in a five-year pariod, a project for the
protection and development of the watergshed at a total estimated installa-
tion cost of $2,206,311. The ghare of the cost to be borne by Public Law
566 funds 18 $1,666,16B. The share to be borne by other than Public Law

566 funds 1s $540,143, In addition, the local interest will bear the entire

cast of operation and maintenance.

Land Treatment Maasures

Landowmers and operators will establish land treatment measuras which will
help eccomplish the project objectives, Primarily these measures are those




which contribute directly to waterghed protection, flood prevention and sedi-
ment control. These meagures are listed in table 1.

The cost for land treatment measures is estimated to be $420,937, of which
$403,477 will be borne by other than Public Law 566 funds including expected
reimbursements from Agricultural Comservetion Progrem Service and $17,670

to be spent by the Soll Conservation Service under its going program for
technical agsiptance during the project installation period. The Public

Law 566 share, conelsting entirely of accelerated technical assistance, is
817,460. The work plan includes only the land treatment that will be
ingstalled during the 5-year period.

Structural Measgures

Two floodwater retarding structures are presently located om the Fort Hood
Military Reservation. They have been installed by the military establishment
under a previous agreement between the Commanding General, Fort Hood Military
Reservation and the Soll Conservation Service.

The structural measures lncluded in this plan congist of 12 floodwater
retarding structures having a total sediment storage and floodwater deten-
tion capacity of 15,432 acre-feet and 2.8l miles of channel improvement,

The total cost of structural measures is $1,785,374, of which the local
share 18 $136,666 and the Public Law 566 share 18 $1,648,708, The local share
of the cost of structural measures congists of land, easements, and righta-
of-way ($130,166), and administering contracts ($6,500). The 12 floodwater
retarding structures and 2.81 miles of channel improvement will be installed

during a 5-year period.

Damages &and Benaefits

The reduction in floodwater, sediment, flood plain erosiom, and indirect
damages will directly benefit the owners and operators of approximately
65 agricultural units in eddition to the owners and occupants of 400
residential and business units in Killeen and Belton,

The estimated average annual floodwater, sediment, flood‘plain erosion, and
indirect damages without a project total $88,794 at longaterm price levels.
The estimated average annual floodwater, sediment, flood plain erosion, and
indirect damage with the project inatglled amounts to $12,198, a reduction
of 86 percent. The project includes land treatment and gtructural measures
included in this plan, and structural measures 1nstalled on the Fort Hood

Military Reservation,

The average annual primary benefits accruing to the structural measures
included in this plan are $71,626, which are distributed as follows:
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Damage reduction $63,844
Benefits from changed land use
(Urban development) 2,794
Benefits from incidental
recreation 4,988

Secondary benefits of $6,625 will result from the installation of structural
measures included in this plan.

The ratio of the total average annual project benefits ($78,251) to the
average annual cost of structural measures ($57,193) is 1.4 to 1.

Additional average annual benefits in the amount of $10,375 will accrue to
the two floodwater retarding structures installed on Fort Hood Military

Reservation.

The total benefits of land treatment measures were not evaluated in monetary
terms since experience has shown that these soil and water comservation
measures produce benefits in excess of their costs.

Provisions for Financing lLocal Share of Installation Cost

The Bell County Water Control and Improvement District No. 6 has powers of
taxation and eminent domain under applicable State laws. A special district
tax has been voted for the purpose of securing bonds in the amount of

$250,000 to finance the local share of installation costs of works of improve-
ment for flood control. Revenue from the sale of these bonds is available
and will be adequate for financing the local share of installation costs.

Operation and Maintenance

Land treatment measures for watershed protection will be operated and main-
tained by landowners or operators of the farms and ranches on which the
measures will be installed under agreement with the Central Texas Soil
Conservation District.

The Bell County Water Control and Improvement District No. 6 will be
responsible for the operation and maintenance of the 12 floodwater retard-
ing structures and 2.81 miles of channel improvement. This includes flood-
water retarding structure 1 and 1.09 miles of channel improvement which are
located either partially or totally on Federal land. These measures are
included since benefits accrue to downstream non-Federal land, Revenue from
a special district tax for operation and maintenance is adequate and avail-
able for this purpose. The estimated average annual cost of operation and
maintenance of these structural measures is $2,668.

Fort Hood will operate and maintain the two floodwater retarding structures
installed on the military reservation in accordance with a previous agree-
ment between the Commanding General, Fort Hood Military Reservation and

the Soil Conservation Service.



DESCRIPTION OF WATERSHED

Physical Data

South Nolan Craek, the major stream of Nolan Creek watershed, originatas in
Bell County, Texas, approximately 6 miles southwest of Killeen. It flows
generally in a southeastarly direction, through Killeen, approximstely 24
milas to its confluence with North Nolan Creek. From this confluenca Nolan
Creek meanders enother 10 miles passing through the city of Belton before
entering the Leon River. The watershed has a drainage area of 115 square
miles, or 73,600 acres.

The topography is greatly influenced by exposed geologic strata, all of
which area Lower Cretaceous formations, dipping slightly toward the south-
east. Prominent divides are made up of ridges and buttes capped by the
resistant Edwards limestone. Steep valley slopes occur where the softer
Comanche Peak limestone is exposed baneath the more resistant Edwards
formation. The Walnut formetion underlies the Comanche Peak. Weathering
and erosion of ovarlying strata has exposed a broad area of Walnut clays,
shales, and marle in the inner portion of the watershed. The Walnut out-
crop forms gently rolling topography and occupies about 60 percent of the
watershed, Gravelly Pleistocene terrace depoaits, resting on the Walmut,
form a gentle to nearly level plain adjacent to and on eithar side of the
South Nolan Creek flood plain. At the extreme lower end of the watershaed
the Walnut, Comenche Peak, and Edwards formatioms dip beneath marl and
limestone members of the Georgetown formation. Elevations range from more
than 1,040 feat abova mean sea level on the westarn divide to approximately
450 faat at the mouth of Nolan Creek.

There are eight soil series recognized in the watershed. Generally the soils
developed on Bdwards limestone are slowly to moderately permeabla stony clays.
The Tarrant and Brackett sarieas, which are both very shallow and calcareous,
usually are found on the steeper slopes. The Crawford series, which is
non-calcareous clay, 1s found on the flatter slopes. Calcareous clay soils
of tha slowly permeable San Saba series and the moderately permeabla Denton
series are developed on interbedded limestones, marls, and shales of the
Comanche Peak end Walnut formations. Deep, moderately permeable, calcare-
ous clays and clay loams are developed as (1) Knippa serias over Pleistocene
terrace deposits; (2) Frio series in the flood plain; and (3) Krum serias
ovar colluvial materials.

The seven range sites within the watershed are Bottomland, Rolling Prairie,
Deep Upland, Rocky Upland, Very Shallow, Adobe, and Redland. Some of the
more desirable range grasses are little blueatem, Indiangraes, hairy drop-
seed, and sideocats grama. These grassas are assoclated with live oak, post
oak, elm, and hackberry trees. Pecans and other hardwoods are found adjacent
to streams. Invading vegetation following overgraxing includes threeawns,
hairy tridens, Texaes grama, buffalograss, Texas wintergrass, cedar, and
mesquite. The prasent cover conditions are falr to poor.



The overall land use for the watershed is as follows:

Land Use Acres Percent
Rangeland 15,901 21,6
Pastureland 9,894 13.4
Cropland 9,540 13.0
Miscellaneous 1/ 38,265 52.0

Total 73,600 100.0

1/ 1Includes roads, highways, railroad righta-of-way, urban
areas, military establishmenta, etec,

The climate 18 warm and sub-humid. The mean temperature ranges from about
47 degrees Faghrenhatit in January to 84 degrees in July. The normal frost-
free period of 257 days extends from March 10 through November 22. The
average annual rainfall is gbout 33 inchee, based on a weighted average of
U. S. Weather Bureau gage records at Lampasas and Temple. Rainfall i{a well
distributed throughout the year, but ie heavieast during April, May, and

June.

Water for liveatock and rural domeatic uge is obtained from wells and aurface
ponds. Except for the city of Belton, whose water supply is obtained from
wells, Belton Reservoir is the source of water for municipal and military

Purposes.

Economic Data

The economy of the watershed is profoundly {nfluenced by the presence of
Fort Hood Military Reservation. While a large portion of the watershad is
devoted to egricultural production, many operators are employed off the
farm. Much of the upland portion of the watershed has been converted to
grassland to leasen the agricultural labor requirements. In 1959, 34 per-
cent of farm operatora reported their off-farm fncome exceeded the value of

farm products sold, as compared to 28 percent in 1954.

The average size farm in the watershed 1is 140 acres with a value of $22,310
for land and buildings. Of the total number of operatora, 53 percent ara
full owners while 24 percent are full tenants. This changed from 52 per-
cent and 30 percant, respectively, from 1954 to 1959.

Principal crops include small grains, corn, and grain sorghum. Consider-
able acreages are in Johnsongrass and sudan which are used for hay and

pasture. Little cotton i{s grown.

The National Dafense posture has had a marked effect on the economy of the
wataershed, particularly Killeen. In 1939 Killeen's population was 1,265
and by 1950 it had risen to 7,110. At present its population 1is 23,377



and 18 increasing rapidly. Since the establishment of Fort Hood, Killeen's
economy has ghifted from agriculture to one which satisfies the demands of
army personnel. Considering the recent growth and the planned expansion of
Fort Hood, it seems raasonable that the growth rate will continua. Areas
around Killeen, now being utilized for agricultural production, are being
affected by anticipated urban expansion. As a result, land valueg are
influenced by location rather than agricultural production.

Although the building trade has been prosperous in recent years, the rapiad
population influx associated with the growth of Xillean has necessitated the
development of trailer parks to accommodate the army personnel, Much of the
recent expansion, particularly the trailer parks, has encroached upon the

flood plain of Nolan Creek,

The economy of Killean 1is largely dependent upon the military establishment
and its personnel. Although other business enterprises prasently are of
minor importance, plans are being made to attract light industry.

Belton (1962 population 8,163), county seat of Bell County, is located at
the lower end of the watershed. Although influenced considerably by Fort
Hood, its economy has long been geared to the demands of agriculture and
local industry. It is the trade center for the surrounding farm end ranch
area and provides adequate marketing and supply services which are important
in the. local economy. Industries engaged in the manufacturing of various
types of furniture and rock wool products supply employment for a sizeable
portion of the labor force in the immediate area.

Nolanville and Barker Heights are located on U. S. Highway 190 between
Belton and Killeen. Both of these communities have recently incorporated
and annexed significant areas for urban devalopment. They will be devoted
primarily to providing housing and retail markets for the rapidly expanding

population associated with Fort Hood.

The wetershed is served adequately by Federal, State, and County roads. 1Imn
addition, there are numerous private farm and ranch roads. Raill service is
provided by the Gulf Colorado and Santa Fe Rallroad with adequate loading

facilities at Killeen and Beltom.

Land Treatment Data

The waterehed is served by the Soil Conservation Service work unit at Temple
and a sub-work unit at Belton which assist the Central Texas Soil Conserva-
tion District. There are 234 operating units with 250 farms and ranchee in
the watershed. The Solil Conservation Service hae assisted 173 District
cooperatora in preparing 189 soll and water conservation plans withim the
vatershed and has given technical agsistance in establishing and maintaining
planned measurea. Fort Hood has a consérvation program under the direction

of a staff agronomist. Technical assistance is furnished by the Soil Conserva-
tion Service to determine proper stocking rates for those areas of the reeerva-
tion leased on an ennual bsaia.



There are 40 conservation plans needing current revigsion. Satisfactory soil
gurveys have been made on 34,026 acres. Another 17,902 acres need additional
soll aurveys. Complete conservation plans have been applied on 1,025 acres,
and approximately 45 percent of needsd land treatment practices for the
35,335 acres of agricultural land have been applied.

WATERSHED PROBLEMS

Floodwater Damage

An estimated 3,996 acres of the watershed, excluding atream channels, 1is
flood plain. As described herein the flood plain is the area inundated
by the 100-year frequency storm runoff (plate 1). Land use in the flood
plain 18 27 percent cropland, 55 percent rangeland or pasture, and 18 per-

cent miscellaneous.

Some attempts have been made by local interests to clean and enlerge the
stream channel in Killeen, but these efforts have had little effect on the
reduction of significant flood damage.

Flooding occurs frequently in the watershed and causes moderate to severe
damages to agricultural lands and to urban developments in Killeen and
Belton (plate 1). Smaller overflows occur on an average of at leaat once

a8 year in Belton and cause minor damage to parks, recreational facilities,
and street crossings. Larger floods that cause damages in excess of $8,000
to urban development in Killeen and $13,000 in Belton occur on the average

of about every five years.

The most disastrous flood in recent years occurred April 24, 1957 when three
people were drowned in Killeen. The magnitude of this storm ranged from about
a 45-year frequency event in the area above Killeen to about a 25-year fre-
quency event at Belton. The resulting floocd inundated approximately 3,650
acres of flood plain land in the watershed. About 200 acres of this are

in the urban area of Killeen and 140 acres are in Belton (plate 1). Under
present level of development, the direct monetary floodwater damage from

such a flood 1is estimated to be $354,426, of which $115,479 would be to

urban properties in Killeen and $111,38% to urban properties in Belton.

A flood resulting from a 100-year frequency storm event would cause direct
floodwater damages of approximately 8$1,000,000, of which about $165,500
would be to urban properties in Killeen and $689,580 would be to urban

properties in Belton.

Floode of about the same magnitude as the flood of 1957 occurred in both
1913 and 1921, In the flood of 1921 three lives were lost and monetary
damsge was extremaly severe in Belton. During this period there was little
development in the flood plain at Killeen and consequently monetary damages
vere not heavy. In recent years with the development of Fort Hood Military
Reservation and the related urban developments in Killeen the flood problems
have been greatly intensified. The resulting complex of roads, buildings,
etc., has changed the hydrologic conditions of the watershed and has greatly

increased the runoff.
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Evacuating flood victims in Killeen during the flood of April 24,
1957. Three lives were loset in Killeen from this flood.

In eaddition to tha direct floodwater damages suffered by urban residents in
the watershed, other significant floodwater problems exist. The moet impor-
taint 1¢ the hasard to life, especially in Killeen. Most of the people
residing in the garea gubject to flooding in Killeen are either recent arrivals
or army personnel on a somewvhat transient basis. Few know the flood history
of Rolan Creek or are aware of the constant hazard it poses. A great many

of these families live in house trailers which are especially vulnereble to

disastaer.

For the floods expected to occur during the evaluation period, which includes
floods up to 100-year frequency, the totel direct floodwater damage is aesti-
mated to everage $71,683 annually at long-term price levels (table 5). Of
this emount, $6,239 is crop and pasture damage, $10,058 is other agricultural
damage, 96,503 1e¢ nonagricultural damages to roads, bridges, and reilroad
property, and $48,883 1s¢ damage to urban and other nomagricultural develop-

ment,
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Ploodwater in residential area of Belton from storm of ‘April 24, 1957.
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Same location as picture above taken during the flood of 1921.
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Floodwater damage to urban property in Belton from flood of April 24, 1957.
Comparable floods occurred in 1913 and 1921.

Road and bridge damage in Nolan Creek watershed is severe. Damagea of
this type are estimated to average over $6,500 annually.
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Tndirect damagas such as interruption of travel, losses sustained by busi-
nesses, temporary dislocation of persons from homes and work, and similar
losees are unusuelly heavy in thies watershed bacause of the concentration
of damageable values and the extremely high rate of traffic that must cross
the flood plain in traval to and from Fort Hood Military Reservation. The
total average annual value of such damages is estimated to be $15,328.

Sediment Damage

Damage by overbank sediment deposition is minor. Sediment transported by
Nolan Creek ranges from clay to graval and cobblas, but because of the
relatively large chaonel capacity, flood plain deposits are dominated by
fine textured materials. There are, however, emall iaoclated areas severely
damaged by deposition of coarse sand and gravel. Overbank deposition has
reduced the productive capacity from 10 to 100 percent on an estimated 80
acras of flood plain land. The following tabulation shows this damage by

evaluation raaches:

Area Damaged by Overbank Daposition of Sediment

Evaluation: :
Reach t Perceat Damage : Total
(Plete 1) : 10 20 : 30 : 40 : 70 :+ 100 :

(acres) (ecres) (acres) (acres) (acres) (acres) (acres)

A 0 5 0 0 0 0 5

B 0 0 0 0 0 0 0

c 3 7 4 0 3 3 20

D 0 0 11 0 ] 0 11

E 19 6 0 13 0 6 44

F 0 0 0 0 0 0 (4]

G 0 o g 0 0 0 0

Total 22 18 15 13 3 9 80

The avarage annual monetary value of this damage is estimeted to be $368 at
long-term price levels (table 5).

Erosion Damage

The astimated average annual rate of gross erosion 1is 1.98 acre-feet per
square mile. Of this, eheet erosion accounts for about 85 percent, gully
and etreambank erosion 2 percent, end flood plain scour 13 percent. The
use of small grains and comversion of eteeply sloping cropland to pesture
have been effective in reducing erosion. Grassland and pasture are
generelly in fair to poor condition and occupy approximately 64 percent of
the watarshed, including that grassland on the reservation.
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Flood plain erosion is moderate. Damaged areas range from broad sheet scour
depressions to narrow channels 3 to 4 feet deep. It is estimated that the
productive capacity of 637 ecres has been reduced from 10 to 30 percent by

scour. The following tabulation shows flood plain erosion damage by evalua-
tion reaches:

Area Damaged by Flood Plain Scour

Evaluation : p t D :
Reach : ércent Jamage : Total
(Plate 1) : 10 : 20 : 30 H
(acres) (acres) (acres) (acres)
A 9 0 0 9
B 0 0 0 0
C 0 125 5 130
D 60 22 0 82
E 319 78 19 416
F 0 0 0 0
G D 0 0 0
Total 388 225 24 637

This represents an averaga annual monetary damage of $1,415 at long-term
price levals (table 5).

Problams Relat;ggﬁto Water Management

Surface drainage of agricultural land is not a problem and irrigation
activity is of minor importance in the watergshed. At the present time
there is no known local interest in providing additional storage in any
of the plannad floodwater retarding structures for agricultural or non-
agricultural water management purposes,

PROJECTS OF OTHER AGENCIES

One floodwater retarding structure (Site No. 2) has been built on Fort Hood
Military Reservation and a second structure (Site No. 3) 18 under construc-
tion (plate 6). Thase structures are being installad under agreement between
the Commanding General, Fort Hood Military Reservation and the So0il Conser-

vation Service as part of the ovarall plan for watarshed protection and flood
prevention for Nolan Creek watershed.

Construction of the two floodwater retarding structures is being accomplished
by military personnel and equipment headquartered at Fort Hood to provide
training in engineering surveys and earth fill embankment construction.
Detailed plans and specifications, inspection services, and assistanca in
foundation investigations were furnigshed by the S80il Conservation Service.
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These structures will control a combined drainage area of 14.10 aquare miles
and have a totel sediment atorage and floodwater detention capacity of

5,767 acre-feet.

The Nolan Creek watershad project will have no known detrimental effect on
any downstream projects which might be constructed in the future.

BASIS FOR PROJECT FORMULATION

Formulation of a project for Nolan Creek watershed was etarted in 1960 with
the execution of a Mamorandum of Understanding between the Commanding
General, Fort Hood Military Reservation and the Soil Conservation Service,
United Statee Department of Agriculture. Under the terms of this memorandum,
military personnel would construct two floodwater retarding etructures on
the reservation for training purposes. These structure sites were on North
Nolan Creek and were selected as integral components of an overall plan for
watershed protection and flood prevention to be completed at e later date.

The formulation of the complete project was difficult because of the topo-
graphy of the watershed and the concentration of roads, utilities, military

installations, and urban development.

Becaugse of the extent of existing and potential urban development in Killeen
and Belton, the sponeors recognized the need for providing & high level of
protection for these ereas. The sponsors also desired that consideratiom
be given to all needed measures for watershed protection and flood preven-

tion on agricultural lands.

It ia significant that the entire cost of developing the work plan for
vatershed protection and flood prevention was borne by the sponsoring

local organizations.

Agreement was reached that every effort would be made to develop a project
which would reduce by not less than 90 percent the damage within the urban
areas of Killeen and Belton, with consideration given to & 100-year fre-
quency storm event. It was believed that this level of protection would
reduce the damage that could be expected to occur on the average of once

in 100 years to & level where the damage would be relatively minor in
Killeen and the damage in Belton would be reduced to considerebly less than
that which regulted from the flood of 1957. Because of the high level of
development in the dreinage area ebove Killeen, feasible locations for
floodwater retarding structure sites were limfted. It was agreed that both
floodwater retarding structures and channel improvement through Killsen
would be necessary to provide the desired level of protection. It was
further agreed that, due to the high cost of channel work in Belton,
protection would be obtained from floodwater retarding structures.

Neither the sponsoring organizations nor any other organized group were
interested in adding atorage in floodwatar retarding structures for any
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other purpose. Both Killeen and Belton have adequate water supplies for
the foreseeable future from Lake Belton and existing wells.

In selecting sites for floodwater retarding structures, comnsideration was
gliven to locations which would provide the agreed upon level of protection
to areas subject to damage. The size, number, design, and cost of the
structures was influenced to a high degree by the physical, topographic,
and geologic conditions in the watershed.

The recommended system of structural measures meet the project objectives
in providing the desired level of protection to agricultural and urban
areas at least cost. The floodwater retarding structures also provide
incidental recreation benefits at no additional cost.

WORKS OF IMPROVEMENT TO BE INSTALLED

Land Treatment Measures

An effective conservation program based upon the use of each acre of
agricultural land within its capabilities and its treatment in accordance
with its needs for protection and improvement, such as 1s now being carried
out by the Central Texas Soil Conservation District, 1is necessary for a
sound watershed protection and flood prevention program on the watershed.
Basic to reaching this objective is the establisghment and maintenance of
all applicable soil and water comservation and plant management practices
essential to proper land use. Emphasis will be placed on the establish-
ment of land treatment practices which have a measurable effect on the
reduction of floodwater, sediment, and erosion damages.

Of the total watershed area of 73,600 acres, 24,821 acres lie above the
floodwater retarding structures included in this plan. Land treatment

on non-Federal land is especially important. Land treatment measures will
help the structural measures to function more efficiently by reducing runoff
and sediment delivered to them. Land treatment constitutes the only planned
measures for the remaining upland area. Land treatment measures on the
agricultural land within the 3,996 acres of flood plain are also important
in reducing floodwater, sediment, and erosion damage.

The amounts and estimated costs of the measures that will be installed by
the landowners and operators during the 5-year installation period are

shown in table 1. The local people will continue to install and maintain
land treatment measures needed in the watershed after the S5-year installa-

tion period.

Land treatment measures will decrease erosion damage and sediment production
rates from fields and pastures by providing improved soil-cover conditions.
These measures include comservation cropping systems, cover and green manure
crops, and crop residue use for cropland. Proper use, planting, and



| 15

renovation of pasture are included to establish good cover on grassland and
formerly cultivated lands. They also include proper use, deferred grazing,

.seeding, and brush control to improve grass cover on rangeland, and construc-

tion of farm ponds to provide adequate watering places for livestock and to
encourage uniform distribution of grazing. These measures also effectively
improve soil conditions which allow rainfall to soak into the soil at a

more rapid rate.

In addition to the soil improving and cover measures, land treatment includes
contour farming, earthen diversions, grassed waterways, and gradient and
parallel terraces, all of which have a measurable effect in reducing peak
discharge by slowing runoff water from fields and in reducing erosion damage

and sediment production.

Continuation of present management, under direction of the Post Agronomist,
in accordance with Soil Conservation Service recommendations will result in
maintaining and improving vegetative cover on Fort Hood Military Reservation.

Structural Measures

A system of 12 floodwater retarding structures and 2.8l miles of channel
improvement having an installation cost of $1,785,374 will be installed to
afford the needed protection to flood plain lands and to urban areas in

Belton and Killeen.

Plate 2 shows a section of a typical floodwater retarding structure.
The location of structural measures 1s shown on the Project Map (plate 6).

This system of floodwater retarding structures will detain runoff from
approximately 33.7 percent of the entire watershed. The 12 floodwater
retarding structures will have a total floodwater detention capacity of
11,886 acre-feet and will detain an average of 5.75 inches of runoff from
the watershed area shove them.

These 12 structures in conjunction with the two structures being constructed
on Fort Hood Military Reservation will detain rumoff from 46.0 percent of
the entire watershed. The 14 floodwater retarding structures will have a
total floodwater detention capacity of 17,338 acre-feet and will detain an
average of 6.15 inches of runoff from the watershed area above them.

Sufficient detention storage can be developed at all structure sites to
make possible the use of vegetative or natural rock spillways, thereby
affecting a substantial reduction in cost over concrete or similar types

of spillways.

The 2,81 miles of channel improvement will be installed through the urban
area of Killeen. This channel will convey safely the uncontrolled runoff
from the 100-year frequency storm event through this area and in conjunc-
tion with floodwater retarding structures will meet project objectives.
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All applicable State water lswe will be complied with in design and construc-
tion of the planned structural measures.

Refer to tables 1, 2, 3, and 3A for datails on quantities, costs, and design
features of the structural measures.

EXPLANATION OF INSTALLATION COST

Public Law 566 funds are expected to provide technical assistance in the
amount of 817,460 during the S5-year installation period to accelerate the
installation of the land treatment measures included in the plan for water-
shed protection. This amount includes $1,080 for completion of needed
standard soil surveys. These Public Law 566 funds will ba in addition to
817,670 of Public Law 46 funds provided undar the going program. Local
interests will install land treatment measuras at an estimated cost of
$385,807, which includes reimbursements from Agricultural Conservation
Program Service Funds based on present program critaria (table 1). The
costs are based on present prices being paid by landowners or operators to
establish the individual measures in the area. The number of land treatment
measures to be applied and the unit cost of each measure were estimated by
the Cantral Texas Soll Conservation District, .

The required local cost for structural measures consisting of tha value of
land easements ($77,441); change in utilities ($10,300) end roads ($700);
removal and relocation of improvements ($35,125); legal fees ($6,600); and
adminiastration of contracts (86,500) are estimated at $136,666. Tha Board
of Directors of the Bell County Water Control and Improvement District No. 6

provided estimates of these costs.

Secondary costs associated with reduced agricultural production within pool
areas were calculated. However, it was found that the appraised value of
land essements exceeded both these costs and the value of production lost.

The entire construction cost for structural measures amounting to $1,350,881
will be borne by Public Law 566 funda. In addition, the installation
services cost of $297,827 will be a Public Law 566 expense. This 18 & total
Public Law 566 cost of $1,648,708 for the Iinstallation of structural measures.

Construction costes include the engineers' estimate and contingencies. The
engineers' estimates were based on the unit costs of floodwater retarding
structures and channel improvement in siwilar areas modified by special
conditions inherent to each individual site location. They includs such
{tems as rock excavation, permeable foundation conditions, and site prapera-
tion. Geological investigations consisted of surface observations, saismic
investigations, and hand auger borings. More detailed geologic investiga-
tions will ba needed before construction begins. Ten percent of tha engi-
neers' estimata was added as a contingency to provide funde for unpredicteble

construction costs.
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Installation Services include engineering and administrative costs. These
estimates were based on an analysis of previous work in similar areas.

The estimated schedule of obligations for the 5-year installation period,
covering installation of both land treatment and structural measuree is

as follows:
Figcal : : Public Law Other :
Year : Maasures : 566 Funds : Funds s Total
(dollars) (dollars) (dollars)
1at Sitas 1, 5, 368,569 47,450 416,019
Land Treatment 4,356 80,697 85,053
2nd Channel Improvement
end Sites 6, 7, 365,982 58,053 424,035
Land Treatment 3,276 80,695 83,971
3rd Sites 8, 9, 10 399,108 13,300 412,408
Land Treatment 3,276 80,695 83,971
4th Sites 11, 12, 278,684 10,263 288,947
Land Treatment 3,276 80,695 83,971
5th Sites 13, 14, 15 236,365 7,600 243,965
Land Treatment 3,276 80,695 83,971
Total 1,666,168 540,143 2,206,311

This schedule may be adjusted from year to year oan the baels of any signifi-
cant changes in the plan found to be mutually desired, and in the light of

appropriations and eccomplishments actually made.

EFFECTS OF WORKS OF IMPROVEMENT

After the installation of the combined program of land treatment and struc-
tural measures described above and the two floodwater retarding structures
installed on the Fort Hood Military Reservation, average annual flooding
will be reduced from 2,269 acres to 851 acres, a reduction of 62 percent.

This project will diractly benefit the owners and operators of approximately
65 farmg and ranches in the agriculturgl land of the flood plain and the
owners and occupants of about 400 residential and business unite in Killeen

and Belton.

The ares on which sediment damage from overbank deposition will occur 1isa
expected to be reduced from 80 acres to 45 acres, a 44 percent reduction.
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The area on which flood plain scour damage will occur is expected to be reduced
from 637 acrea to 126 acres, a reduction of 80 percent,

The land treatment measures will reduce the average annual gross erosion from
230 to 176 acre-feet per year. Sediment yield from the watershed will be
reduced from 46 to 31 acre-feet annually as a result of the combined program,

Reduction in area inundated varies with respect to location within the water-
shad. The general locations of the areas benefited from reduction in flood-
ing resulting from the combined program of land treatment and structural
neasures included in this plan and the structural measures installed on

Fort Hood Military Reservation are presented in the following tables:

Average Annual Area Inundated

Evaluation : : :
Reach : ¢ Without With ¢+ Reduction
(Plate 1) : Location : Project : Project
(acres) (acres) (percent)
A Bottom of Watershed to
U. S. Highway No. 81 117 33 72
B U. S. Highway No. 81 to Valley
Cross Section No. 10 (Belton) 54 26 52
c Valley Cross Section No. 10
to North Nolan Creek 352 121 66
D North Nolan Creek 111 8 93
E North Nolan Creek to =
Farm Road 2410 1,531 647 58
F Farm Road 2410 to U. S.
Righway No. 190 (Killeen) 67 15 78
G U. S. Highway No. 190 to Farm
Road No. 440 (Killeen) 37 1 97
Total 2,269 851 62




Area Inundated

: Aversge Recurrence Interval
Evaluation: 2 Year : 10 Year s 25 Year : 100 Year
Reach : Without: With :Without: With :Without: With :Without: With

(Plate 1) : Project:Project:Project:Project:Profject: Projact:Project: Project
(acres) (acres) (acres) (acres) (acres) (acres) (acres) (acres)

A 69 18 198 53 298 89 434 161
B kYA 22 70 37 99 51 159 73
c 252 93 478 246 544 33s 633 460
D. 45 0 174 24 268 4§ 368 94
E, 1,111 504 1,829 1,102 2,000 1,407 2,182 1,742
F 46 15 97 31 105 VA 114 82
G 29 0 68 0 85 8 106 23
Total 1,586 652 2,914 1,493 3,399 1,979 3,996 2,635
p— e o S

Landowners in the urban area of Killeen say that if adequate flood protection
is provided, they will be able to convert a 1l acre-tract of land now idle to
elther high value residential or business eites. This tract is ideally
located for development and is presently eerved by adequate streets and
utilities., Under present conditions all of this land floods too frequently
to risk development. With the project inatalled, it will all be above the
elevation of the 100-year frequency flood line.

The outline of urban areas inundated by a 100-year frequency flood in Killeen

and Belton 1s shown for without and with project conditions as plates 3 and 4.
Although some of the areas in Belton and Killeen will still be inundated with

the project installed, the physical damage to property and hazard to life will

be diminished greatly. 1In Belton a park constitutes much of the area that

would be flooded. The area which would be flooded in Killeen 1is largely undevel-

oped.

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. Condi-
tions other than frequency of flooding are responsible for the rather low
intensity of agricultural use on wmuch of the flood plain. No bottemland will
be involved in the pool areas of planned structures. A total of 450 acres of
upland in sediment poola will be retired from agricultural production. Only
57 acres of this 1is suitable for cultivation,
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Additional incidental recreational bepefits will result from the installa-
tion of the 12 floodwater retarding structures included in this plan.
Sediment pools of these structures will have a total surface area of 245
acres at the 50-year sediment storage elevation or 200 acre-feet capacity,
whichever is less. All of these pools are ideally located in relation to
the rapidly expanding population in the watershed and will serve as outdoor
recreational facilities for fishing, swimming, hunting, and boating. It 1ia
conservatively estimated that these pool areas will attract about 7,350

vigsitors anpually.

Secondary benefits stemming from the project will accrue to trade srea
businesses through increased net income from sales and services. Benefits
induced by the project will result from the expenditures associatad with
recreation and from the building development as a result of changed land
use In the urban area of Killeen.

PROJECT BENEFITS

The estimated avarage annual monetary floodwater, sediment, erosion, and
indirect damages (table 5) within the watershed will be reduced from
888,794 to $§12,198 by the proposed project, including structural measures
ingtalled on Fort Hood Military Reservation. This is a reduction of 86
percent, 96 percent of which will result from the system of interrelated
floodwater retarding structures and channel improvement.

Reduction in area inundated and monetary flood damages vary with respect
to location within the watershed, The general locations of damage reduc-
tion benefits attributed to the combined program of land treatment and
structural measures included in this plan and the structural measure
ingtalled on Fort Hood Military Reservation are presented in the following
tabulations:

Average Annual Damage

- »
» .

Evaluation : :

Reach : Location : Without : With : Reduction
(Plate 1) : : Project : Project :
(dollars) (dollars) (percent)
A Bottom of Watershed to U, S.
Highway No. 81 750 175 77
B U. 8. Highway No. 81 to Valley
Croes Section No.10 (Belton) 42,464 4,196 90
(] Valley Cross Section 10 to
North Nolan Creek 5,750 1,913 67
D North Nolan Craek 1,432 126 91
|4 North Nolen Creek to
Farm Road No. 2410 18,399 4,867 ' 74
F Farm Road No. 2410 to U. S.
Highwvay No. 190 (Killeen) 3,977 882 77
G U. S. Highway No. 190 to Farm
Road No. 440 (Killaen) 16,022 39 59
Total 88,79 12{229 86
-




Direct Monetary Floodwater Damage

: Average Recurrence Interval

Evaluation: 2 Year s 10 Year : 23 Year : 100 Year
Reach ¢ Without: With : Without: With :Without: With :Without : With
(Plate 1) : Project: Project: Profect: Project:Project: Project:Project : Projact

(dollars) (dollars)(dollars)(dollars)(dollars)(dollars)(dollars)(dollarg)

A 380 96 1,189 391 1,805 679 2,958 1,129
B 3,000 1,200 63,000 3,200 160,500 12,000 689,580 67,500
c 3,548 927 8,055 3,497 9,900 4,958 12,283 7,581
D 457 0 1,984 135 3,566 374 6,898 1,103
E 8,977 2,417 27,200 9,639 57,346 14,184 109,257 26,464
F 340 145 10,625 1,630 21,850 3,750 47,298 13,700
G 600 0 25,000 0 56,000 0 130,500 1,500
Total 17,302 4,785 137,053 18,492 310,967 35,945 998,774 118,977

It i3 eatimated that the net increase in income from the landa to be converted
to urban development in Killeen will amount to $2,794 (at long-term price

levels) annually.

The annual monetary value of the incidental recreational benefits from use
of the sediment pools of the floodwater retarding structures included in
this plan i8 eetimated to be $4,988.

It i8 estimated that the project will produce local secondary benefits aver-
aging $6,625 annually. Secondary benefits from a National viewpoint were
not congidered pertinent to the economic evaluation.

Since the watershed is mot located in an area designated by the Secretary of
Agriculture under the Area Redevelopment Act, no redevelopment benefits were

claimed.

The total flood prevention benefits from structural measures included in thia
plan are estimated to be $78,251. In additiom to the monetary benefits,

there are other substantial bemefits which will accrue to the project such

as an increased sense of security, better living conditions, assurance of
efficient movement of military and civilian personnel headquartered at Fort
Hood, and improved wildlife conditions. None of these additional benefite were
evaluated in monetary terms nor have they been used for project justification.
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COMPARISON OF BENEFITS ARD COSTS

The averege annual cost of the structural measures (converted from total instal-
lation coet, plus operatione and maintenance) is estimated to be $57,193. The
Btructural measures are expected to produce average annual primary benefits of
871,626, or $1.25 for each dollar of cost.

The ratio of the total average apnual project benefits ($78,251) to the
average gnnual cost of structural measures ($57,193) 18 1.4 to 1 (Table 6).

PROJECT INSTALLATION

Land Treatment Measures

Land treatment measures, itemired in table 1, will be eptablished by farmers
and ranchers over s 5-year period in cooperation with the Central Texas Soil
Conservation District, which 1ia providing technical assistance in the planning
and application of these measures under its going program. A standard soil
survey 18 in progrese and has been completed on 34,026 acres. There are
17,902 acres, excluding Fort Hood, needing standard soil survey.

The governing body of the Central Texas Soil Conservation District will sseume
aggressive leadership in getting the planned land treatment measures installed.
The landowners and operators within the watershed will be encouraged to apply
and meintain soil and water conservation measures on their farms and ranches.
District-ownaed equipment will be made available to the landownere in accord-
ence with exieting arrangements for equipment useage in the district. The
Soil Conservation Service will provide additional technicel assistance to the
Central Texas Soil Conservation District to accelerate the completion of
needed standard soil surveye and to assist landowners and operators cooperat-
ing with the district i{n accelerating the planning and application of soil,
plant, and water conservation measures.

The soil and water conservation loan program of the Farmars Home Administra-.
tion 1is available to all eligible farmers and ranchers in the area. Educa-
tional meetings will be held in cooperation with other agencies to outline
the services available and eligibility requirements. Present FHA clients
will be encouraged to cooperata in the program.

The County Agricultural Stabilization and Comservation committee will cooper-
ate with the governing body of the goil conservation district by selecting
and providing financial assistance for those practices which will accomplish
the conservation objectives in the shortest possible tims,

The Extension Service will aseist with the educational phase of the program
by conducting general information and local farm meetings, preparing radio,
televigion, and press releases, and using other methods of getting informa-
tion to landowners and operatores in the watershed. :




Structural Measures

The Bell County Water Control and Improvement District No. 6 has the right of
eminent domain under applicable State law and has the financial resources to

fulfill its responsibilities.
The Bell County Water Control and Improvement District No. 6 will:

1. Obtain the necessary land, easements, and rights-of-way and
permits to be dedicated to the Bell County Water Control and

Improvement Digtrict No. 6;

2. Provide for the relocation or modifications of utility lines
and systems, roads, and privately-owned improvements,

3. Provide the necessary legal, administrative and clerical
personnel, facilities, supplies, and equipmerit to advertise,
awvard, and administer contracts;

4. Determine the legal adequacy of the eagements and permits
. for construction; and

5. Be the contracting agency, and let and service all contracts.

The Bell County Water Control and Improvement District No. 6 will provide
for the necessary improvement of low water crossings on private or public
roads to make them passable during prolonged release flows from the

structures or obtain permission to inundate such roads where equal routes

are designated for use during periods of inundation.

A portion of floodwater retarding structure Number One is located on Fort Hood
Military Reservation. Either all or some portion of the lower 1.09 miles of
channel improvement is located on Fort Hood Military Reservation within the
city limits of Killeen. The sponsoring local organization will enter into

a written cooperative agreement with the Department of Army, which will
provide for land, ecasements, and rights-of-way for works of improvement
located on Fort Hood Military Reservation and will submit pertinent informa-
tion to the Department of Army for review and concurrence prior to entering
into contracts for construction. Close working relations have been maintained
between the sponsors and the local representatives of the Department of Army,
and assurance has been given that the installation of these works of improve-

ment will be acceptable.

Technical assistance will be provided by the Soil Conservation Service in
preparation of plans and specifications, supervision of construction, pre-

paration of contract payment estimates, final inspection, execution of
certification of completion, and related tasks necessary to install the i
planned structural measures for flood prevention. ‘
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The 12 floodwater retarding structures and 2.81 miles of channel improvement
will be constructed during the 5-year project installation period in the
general sequence of Sites 1, 5, 2.8l miles of channel improvement, Sites 6, 7,

8, 9, 10, 11, 12, 13, 14, and 15.
FINANCING PROJECT INSTALLATION

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

amended.

The votera of the Bell County Water Control and Improvement Digtrict No. 6
have approved a tax rate of 16 cents on each $100 of assessed property
evaluations which is being levied and collected annually to secure bond
funds in the amount of $250,000 for the local share of the project installa-
tion coat and for paying the cost of work plan development. Revenue from
the sale of these bonds is available and will be adequate for financing the
share of project installation costs to be borne by local interasts.

It is anticipated that approximately BO percent of the number of easements
necessary will be donated. The out-of-pockat costs of edsementa which will
not be donated, relocations of utilities, roads and {mprovements, legal
services, and administration of contracts are estimated by the sponsors

to be $105,000.

The aponsoring local organizationa do not plan to use the loan provisions
of the Act.

The structural measures will be constructed during a 5-year installation
period pursuant to tha following conditions:

1. The requirements for land treatment in the drainage area
above the floodwater retarding structures have been
satisfied. .

2, All landg, easements, rights-of-way, and permits have been
obtained for all structural measures or a written statement
is furnished by the Bell County Water Control and Improvement
District No. 6 that its right of eminent domain will be used,
if needed, to secure any remaining land, easements, or rights-
of-way within the project installation period; and that suffi-
clent funda are availabla for purchasing those easements and
rights-of-way.

3. Court orders have been obtained from the Bell County Commis-
sioners Court ghowing that:
a. County roads affected by the detention pools of floodwater

retarding structures Numbers 5 and 6, will either be raised
two feet above emergency spillway crest elevation at no



expense to the Federal Government, closed, or permission granted
to temporarily inundate the rosd provided equal alternate routes

are avaijlable.

b. The county roads affected by the embankment and pool areas
of floodwater retarding structure Number 1 will either be
closed or relocated at no expense to the Federal Government,

4. Provisions have been made for improving low water crossings or
bridges and/or culverts on public and private roads or court
orders or necessary permits obtained granting permission to tempora-
rily inundate the crossings, providing equal alternate routes are
availsble for use by all people concerned, during periods when
these crossings are impassable due to prolonged flow from the
principal spillways of the floodwater retarding structures. If
equal alternate routes are not avsilable, the provisions will
specify that necessary improvements will be made, at no cost to
the Federal Government, to make the crossings passable during
prolonged periods of release flows from the structures.

5. Utilities, such as power lines, telephone lines, and pipelines,
have been relocated or permission has been obtained to inundate

the properties involved.

6. The contracting agency is prepsred to discharge its responsi-
bilities.

7. The project agreements have been executed.
8. Operation and maintenance sgreements have been executed.
9. Public law 566 funds are available.

The various features of cooperstion between the cooperating parties have
been covered in appropriate memoranda of understanding and working agree-

ments.

PROVISIONS FOR OPERATION AND MAINTENANCE

land Treatment Measures

Land treatment measures will be maintained by landowners and operstors of
the farms and ranches on which the measures are applied under agreement
with the Central Texas Soil Conservation District. Representatives of the
soil conservation district will make periodic inspections of the land trest-
ment measures to determine maintenance needs and encourage landowners and
operators to perform maintenance. They will make district-owned equipment
available for this purpose in accordsnce with existing working arrangements.



Structural Measures for Flood Prevention

The 12 floodwater retarding structures and 2.81 miles of channel improvement

will be operated and maintained by the Bell County Water Control and Improve-
ment District No. 6. This includes floodwater retarding structure 1 and 1.09
miles of channel improvement which are located either partially or totally

on Federal land., These measures are included since benefits accrue to douwn-

stream non-Federal land.

An annual maintenance tax of 3 cents on each $100 of assessed property
valuation has been voted and is being collected for the purpose of operation
and maintenance. It is conservatively estimated that this tax will produce

revenue of $3,750 annually.

The estimated average annual cost of operation and maintenance of all
structural measures is $2,668. TFunds from the maintenance tax are avail-

able and adequate for this purpose.

Fort Hood will operate and maintain the two floodwater retarding structures
installed on the military reservation in accordance with & previous agree-
ment between the Commanding General, Fort Hood Military Reservation and

the Soil Conservation Service,

The floodwater retarding structures and the channel improvement will be
ingpected after each heavy rain or stream flow or at least annually by
representatives of the Bell County Water Control and Improvement District
No. 6 and the Central Texas Soil Conservation District. A Soil Conserva-
tion Service representative will participate in these inspections at

least annually. For the floodwater structures, items of inspection will
include, but will not be limited to, the condition of the principal spill-
way and its appurtenances, the vegetative cover of the earth fill and the
emergency spillway, and fences and gates installed as & part of the struc-
ture., For the improved chamnel, items of inspection will include, but not be
limited to, the degree of scour, silting, and bank erosion; obstruction to
flow caused by debris lodged asgainst bridges, fences, and water gates;
excessive brush and tree growth within the channel; and the condition of
gide inlets and drains. The items of inspection are those most likely to

require maintenance.

The Soil Conservation Service, through the Central Texas Soil Conservation
District, will participate in operation and maintenance only to the extent
of furnishing technical assistance to aid in inspections and furnishing

technical guidance and information necessary for operation and maintenance

program,

Provisions will be made for free access of representatives of the sponsor-
ing local orgenizations and Federal agencies to inspect and provide main-
tenance for structural measures and thelr appurtenances at any time.



The sponsoring local organirations will msintain a record of all maintenance
inspections made and maintensance performed and have it aveilable for inspec-
tion by Soil Conservation Service peraonnel,

The sponsoring local organirzations fully understand their obligations for
msintenance and will execute specific maintenance agraements prior to tha
isguance of invitations to bid on the construction of the structural

meagures.

The necessary maintenanca work will be accomplished either by comntract or
force account.
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1/ Price Base: Long-term pricas as projected by ARS, September 1957,

2/ 1Includes damage reductions attributed to floodwater retarding
structures installed on Fort Hood Military Reservation under agree-
ment between Commanding General, Fort Hood Military Reservation and

Soil Congervation Sarvice.

December 1962

" 34
TABLE 5 - ESTIMATED AVERAGE ANNUAL FLOOD
! DAMAGE REDUCTION BENEFITS
: Nolan Creek Watershed, Texas
! (Dollars) 1/
' 3 Estimated Average :
1 Annual Damage H Damage
: Without ¢ With t Reduction

l Item s  Project : Project 1 Benefit

Floodwater

Crop and Pasture 6,239 2,249 3,990
' Other Agricultural 10,058 3,148 6,910
Nonagricultural
Urban 48,883 3,631 45,252

! Transportation 6,503 984 5,519
' ‘Subtotal 71,683 10,012 61,671

Sediment _
' Overbank Deposition 368 207 161

Erosion
I Flood Plain Scour 1,415 285 1,130
l Indirect 15,328 1,694 13,634
' Total 88,794 12,198 76,596 2/
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INVESTIGAT IONS AND ANALYSES

Project Formulation

Land Treatment Measures

The status of land treatment measures for the watershed was developed

by the Central Texas Soil Conservation District assisted by personnel
from the Soll Conservation Service at Temple and Belton. Conservation
needs data were compiled from existing conservation plans within the
watershed and expanded to represent the conservation needs of the

entire watergshed, The quantity of each land treatment practiée which
contributes directly to watershed protection and flood prevention that
will be applied during the 5~year installation period was estimated
(table 1), The hydraulic, hydrologic, sedimentation, and economic in-
vestigations provided data as to the effects of these measures in terms
of the reduction of flood damage. Although measurable benefits would
result from application of these needed land treatment measures, it was
apparent that other flood prevention measures would be required to attain
the degree of watershed protection and flood damage reduction desired by

the local people.

Structural Measures

Structural measures for flood prevention needed to attain the project
objectives were then determined. The study made and the procedures used
in that determination were as follows:

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

2., A study of aerial photographs supplemented by field
examination indicated the limits of flood plain subject
to flood damage.

3. All probable sites for floodwater retarding structures
were located by study of U. S. Geological Survey and Army
Map Service topographic maps, stereoscopic photo study, and
field examination. Sites for which it was apparent that
sufficient storage capacities could not be developed were
dropped from further consideration. A watershed map was
used to show locations of all structure sites that could
possibly be used in alternate systems to meet the project
objectives. This map was submitted to the sponsoring local
organigzations who provided data on ownership of land
apparently involved in each site location. The sponsoring

"local organizations also provided estimates on values of
easements involved in each site. Based on apparent physical,
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economic, and easement feasibility, the Service and sponsoring
local organizations agreed that 16 possible aites for flood-

water retarding atructures would be Investigated. Out of the
16 sites inveatigated, a system of 12 sites was determined to

be feasaibla.

A topographic map was made of the pool, dam, and emergency
spiliway areas of the probable altes. These surveya provided
the neceasary information to determine 1f the required asedi-
ment and floodwater detention atorage could be obtained,

the limit of the pool areas, estimate of all installation
costs, and the most economical design for each structure.

The sediment and floodwater storage requirements, atructure
clasaification, and emergency spillway layout and design
meet or exceed criteria outlined in Engineering Memorandum
5C8-27 end Texas State Manual Supplement 2441.

To meet the minimum requirements for level of protection for
urban areas, as set forth in the Watershed Protection Hand-
book, the workas of improvement should provide protection
against major damages resulting from a recurrence of the
largest storm of record or from one of 100-year fraquency,
whichever 18 greater. Regional analyses of gaged runoff

was usaed to determine the percent chance of use of the
emergency splllway based on the gross flood storsge at each
site, At four sites it was possible to plen the recommended
net storage from Texas Manual Supplement 2441. At eeven aitea
where the storage is limited, it is possible to store the
6-hour, 100-year frequency runoff (5.11 inches) that defined
the flood plain and was used in the evaluation. In one site
it wes possible to store only the minimm 6-~hour, 25-year
frequency runoff as set forth in Engineering Memorandum 8CS-
27. The 50-year and 100-year storms were flood routed through
this structure and the outflow was added to the peak from the
uncontrolled area.

To determine tha moat economical deeign of the floodwater
retarding structures conalderation was given to the quantity
of rock excavation in the emergency apillwaya. Multiple
routings of freeboard hydrographs were made for all sites

to determine the spillway proportion and height of dam which
would result in the most economical and feasible deaign of
the structures. Due to limitations of topography and the
existence of roads, railroads, and other improvements, op-
tional designs were limited.

Plans of a floodwater retarding structure, typical of these
planned for the watershed, are illustrated by plates 5 and

5A.
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A detailed investigation was made of state, county, and farm
roads having low water crossings on streams below the flood-
water retarding structures., Where there were no equal alter-
nate routes, the improvements required to provide passage

‘during perlods of prolonged floodwater release from the struc-

tures were determined.

The local sponsoring organizations or other interests did
not desire to incorporate additional water storage for any
agricultural or nonagricultural purposes.

From analysis of hydrologic and economic data, it was deter-

" mined that floodwater retarding structures alone would not

provide the desired level of protection in the urban area
of Killeen. To attain the desired level of protection,
channel improvement was investigsted in Evaluation Reaches
F and G. Additional cross-section and profile data were
obtained to supplement valley section data to make designs
and cost estimates for channel improvement,

Structure data tables were developed to show for each

floodwater retarding structure, the drainage area, the

capacity needed for floodwater detention and for sediment
storage in acre-feet and in inches of runoff from the drain-
age area, the releaese rate of the principal spillway, acres
inundated by the sediment and detention pools, the volume
of £fill in the dam, the estimated costs of the structure,
and other pertinent data (tables 2 and 3).

For channel iwprovement, tables were developed to show
watershed area, planned channel capacity, channel design
data, volume of excavation, estimated cost, and other
pertinent data (tables 2 and 3A).

Damages resulting from floodwater, sediment, and flood plain
erosion were determined from damage schedules, surveys of
sample areas, and flood routings under present conditions.
Reductions in these damages resulting from the proposed works
of improvement were estimated on the basis of reduction in
sediment yields and reduction of peak discharges as determined
by flood routings under future conditions for which it was
assumed that the proposed works of improvement had been
ingtalled, Benefits so determined were allocated to individual
measures or groups of interrelated measures, on the basis of
the effects of each on reduction of damages. In this manner
it was determined that floodwater retarding structures and
channel improvement could be economically justified. By
further analysis those individual and interrelated structural
measures which had favorable benefit to cost ratios were
determined., Alternate sites in conjunction with channel
improvement were investigated until the most economical and



feasible system of structural measures was developed
which would provide the degree of protection desired
by the sponsoring local organizations and meet the
requirements of the Watershed Protection Handbook.

Thies system consisted of 12 interrelated floodwater
retarding structures and 2.81 miles of channel improve-
ment necessary to provide the desired degree of protec-
tion for the urban areas of Killeen and Belton.

When the structural measures for flood prevention had been determined, a
table was developed to show the cost of the measures (table 2). The
sumation of the total costs for all works of improvement represented the
estimated cost of the planned watershed protection and flood prevention
project (table 1). A second cost table was developed to show separately
the annual installation cost, annual malntenance cost, and the total annual
cost of the structural measures (table 4).

Hydraulic and Hydrologic Investigations

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

1. Basic meteorological and hydrologic data were obtained
from U. S. Weather Bureau and U. 5. Geological Survey
Publications. The Climatological Bulletins aided in
determining the distribution of rainfall. Data from
the recording gages at Belton, Briggs, Flat, and Temple
were used in determining the distribution and amount of
the antecendent moisture and the rains that produced the
flood of April 24, 1957. Water Supply Papers, U. S.
Geological Survey, were used for related stream data.
There are no gages on Nolan Creek. The rainfall depth-
duration-frequency for the synthetic storm series used was
obtained from U. S. Department of Commerce, Weather Bureau,

Technical Paper No. 40.

2. Engineering surveys were made of channel and valley cross
sections selected to adequately represent the stream hydrau-
lics and flood plain area. The needs of the economist and
geologist were considered in making the selection. Preli-
minary locations were made by a reconnaissance field
examination after studying contour maps prepared by the
Army Map Service of the Corps of Engineers and aerial
photographs. Final locatlons were selected on the ground.
Numerous high water elevations of the April 1957 flood were
obtained during the survey.

3. Main stem cross~-section rating curves were developed from
field survey data collected in 2, above, by solving water
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surface profiles for various diecharges. Computations of
the watar surface profiles were made by the use of the
IBM 650 computer. Data thus developed included peak
discharge-area inundated relationships at various eleva-
tions for each valley section considered, Tributary
croes section rating curves were developed by a graphical
modification of Leach's Method.

Hydrologic conditions of the watershed were determined by
considering such factors as climate, geology, topography,
soils, land use, and vegetative cover. The present hy-
drologic condition was determined from the soil-cover
complex data assembled from sample areas equal to 22 per-
cent of the agricultural lands in the watarshed. Additional
studies were made on the headquarters and cantonment areas
of Fort Hood and the urban areas of Killeen and Belton,

The future hydrologic condition was determined by obtain-
ing from the work unit conservationist the changes in land
use that could be expected with an accelerated land treat-
ment program during tha installation period. Rainfall-
runoff relationship was computed from the soil-cover
complex data and used with figure 3.10-1, National Enginesr-
ing Handbook, Section 4, Supplement A, to determinae the
depth of runoff from individual storms in tha synthetic
storm eeries., The rafnfall-runoff relationship as repre-
santed by curve numbers rangad from 79 for future conditions
on the rangeland of North Nolan Creek to 87 for the areas

in Killeen and Fort Hood. Weighted curve numbers were
computed for each valley cross section for (1) present
conditions, (2) with future land treatment, and (3) with
total program.

The relationship of peak discharge to depth of runoff and
drainage area was obtained by flood routing the runocff from
the maximm 6-hour rainfall, 100-year frequsncy, as selected
from Technical Paper No. 40, U. S. Weather Bureau. The
storage-indication method of routing, modified by the use of
a variable routing interval, was used., Initial hydrographs

for routing were developed by Method A, Hydrology Memorandum

EWP-1, Revised June 1958, for each of the 34 subwatersheds

used in routing. Six-hour rainfall, diatributed according

to curve B of figure 3.21-19, NEH, Section 4, Supplement A,
vas salected for hydrograph development used in evsluation

and channel design. Peak discharges for the smaller storms
used in evaluation were directly proportional to the volume
of runoff.

Peak dischargas under project conditiona were determined
by flood routing the 100-year runoff from the uncontrolled
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areas and adding the outflow from the floodwater retarding
structures.

An improved channel was designed through the urban arsa of
Killeen from Station 282+00 .to 430+60 (Farm Road 440 to Parm
Road 2410), From Station 282+00 to 360+00 (Farm Road 440 to
U. S. Highway 190) the channel {8 designed to eliminate all

-major floodwater damage from a 100-year frequency event., From

station 360+00, the design of the channel diminished gradual-
ly to the natural condition at station 430+60.

Discharge-area inundated curves for total area inundated and
for depth increments were plotted from IEM output data for
each portion of the valley represented by a cross section in
agricultural reaches A, C, D, and E (plate 1). Area inundated
data by incremental depthe of flooding were developed for
these reaches by routing volumes of runoff for selected
frequencies using the peak discharge-volume relationships.
Relationship between frequency-astage-damage was developed for
the urban areas representad by avaluation reaches B. F, and

G.

The maximum release rates for the principal spillways of the
floodwater retarding structures were determined by a detailed
gtudy of the stream channel and the effect of release rates
on design of the structuras.

The appropriate emergency spillway and freeboard design storms
for Class A and Class B structures were Belected from figuras

3.21-1 and 3,21-4 of NEH, Section 4, Supplement A, in accord-

ance with criteria contained in Engineering Hﬂmorandum SCS 27,

and Texas State Manual Supplement 2441.

For Class C structures, the appropriate emergency spillway
design storm was selected from the chart '"Minimm Six-Hour
Precipitation (inches) for Developing the Emergency Spillway
Hydrograph for Class (c) Structures'", U. 8. Soil Conservation
Service, December 1960. The appropriate freeboard spillway
design gtorm was selected from Chart 50, U. S. Department of
Commerce, Weathar Bureau, Technical Paper No. 40.

Emergency spillway capacities were designed in accordanca
with Texas State Manual Supplement 2441; Engineering Memo-
randum SCS-27; Technical Release No. 2 (Tentative) Washing-
ton Design Section, dated October 1, 1956; Supplement A to
Tentative Technical Release No. 2 dsted May 13, 1957;
SCS-T.P.-61, Handbook of Channel Design for Soil and Watar
Congservation; and Saction 3.21, NEH, Sectfion 4.




Sedimentation Investigations

Sedimentation investigations were made in accordance with procedures as
outlined in Watershed Memorandum EWP-7, ''Sedimentation Investigations

in Work Plan Development', August 21, 1959, Fort Worth, Texas and Tech-
nical Release No. 12, "Procedure for Computing Sediment Requirements for

Retarding Reservoirs', September 1959.

Sediment Source Studies

Sediment source studies to determine the 100-year sediment storage require-
ments were made in the drainage areas of the 12 planned floodwater retard-
ing structures according to the following procedures:

1.

Detailled investigations were made in the drainage areas
above three of the planned floodwater retarding structures,
Estimates of sediment rates were made for the remaining 9
planned structures based on similarity of these drainage
areas to areas which had been surveyed in detail.

Field surveys for the three detailed investigations included:

a. Mapping soil units by percent slope, length of slope,
present land use, present cover condition classes on
rangeland, present land treatment on cultivated land,

and land capability classes.

b. Determining length, widths, depths, and estimating the
annual lateral erosion on all gullies and stream chamnels

affected by erosion.

Office computations included summarizing erosion by sources
(sheet, gully, and streambank) in order to fit these data
into formulas for computing annual gross erosion.

Estimating the annual gross erosion in the drainage areas
above the 9 planned structures not surveyed in detail con-
sisted of mapping the land use and preparing sediment source
summary sheets based on the similarity of soils, topography,
and land use in these drainage areas to the ones investigated

in detail.

Annual gross erosion was adjusted to reflect the effect of
expected land treatment on the drainage areas of planned
floodwater retarding structures.

Sediment storage Tequirements for structures were determined
by adjusting annual gross erosion for expected delivery rates
and trap efficiency.
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7. The allocation of sediment to the structure pools was
eatimated to be 10 percent depoaition in detention pools

and 90 percent in gediment poola. This eatimate was made
on the basis of topography of the reservoirs and texture
of sediment,

Flood Plain Sedimentation and Scour Damages

The following sedimentation and acour deamage investigations were made to
determine the nature and extent of physical damage to flood plain land:

1. Field examinations were made within selected ssmple areas.
Factora such as depth and texture of the sediment deposits,
scour channela, sheet acour areas, and channel degradation
or aggradation were recorded and mapped.

2. Estimates of past physical flood plain damage were obtained
through interviews with landowners and operators.

3. A damage table wam develaped to show percent damage by
texture and depth increment for deposition and by depth
and width for acour. Due conslderation was given to the
agronomic and other land treatment practices, soils,
crop ylelds, end land capabilities in assigning damage

categories,

4, The areas, by damage categories, of modern alluvial de-
poaits and flood plain erosion were measured and tabulated.

5. Damages found within sample areas were axpanded to repre-
sent the entire flood plain for each evaluation reach.

6. The aediment and scour damages were summerised by evalua-
tion reaches for the entire flood plain. Fstimates of
recoverability of productive capacity were developed from
field atudies and interviewa with farmers,

7. Ueing average annual erosion rates as & basis, the average
annual sediment yields at selected valley sections along the
flood plain were estimated for present conditioms, with land
treatment measures applied, and with the combined program of
land treatment and structural measures installed. The re-
sults were compared to show the average reduction of sediment
yield contributing to overbank deposition. The reduction of
monetary damage from overbank depoasition is based on this
reduction of sediment yield and reduction of area inundated
by floodwater. The reduction of scour damage due to insatal-
lation of the project is based on reduction of depth and
area inundated by floodwater.




Channel Stability Investigations

The route of planned stream channel improvement was atudied and borings
waere made to determime the nature of solls and geologlc strata. Most of
the channel bottom &nd the lower portion of ilmproved channel banks will
consipgt of alternating limestone and wmarly shale beds of the Walnut for-
mation. The Walnut i3 expected to withstand design velocities with

negligible erosion.

_

Moderately plastic, calcareous clays with gravelly horirons overlie the
Walnut formation in the flood plain. Since these clays will make up a
portion of the improved channel banks, they were sampled and submitted
for laboratory analyses. Tests were made to determine Atterberg limits
and grain size distribution. Result of these tests were used in studies
to indicate safe velocitiea. Tractive force studias indicate that some
aerosion may occur with design velocities,

If it is determined during detail design that atreambank erosion will be
significant, rock excavated from the chanmel, where suitable, will be used
for riprap on areas most subject to erosion.

Geologic Tovestigations

Preliminary geologic inveatigations were made at msach of the floodwater
retarding atructure sitea to obtain information on the nature and extent

of embankment materials, foundation materials, emergency apillway excava-
tion, emergency spillway stability, and other posaible problems that might
be encountered during conatruction. These investigations imcluded surface
observations of valley slopes, alluvium, channel banks, and exposed geologic
formations; seismic imvestigations; and hand auger boringa. The findings

of preliminery geologic investigations were used in making cost eatimates

of structures.

Deacription of Problems

All sites except No. 14 and No. 15 are located entirely on the outcrop of the
Walnut formation. Site No. 15 1ies partially on the Walnut outcrop, but
Comanche Peak limestone caps the Walnut in the abutments. Site No. 14 1is
located entirely on the Comanche Peak outcrop.

In general, the foundations of all sites are characterized by alluvial
clays and gravelly clays underlain by shales and marls interbedded with
thin to medium bedded limestones and fossil aggregates. Thick terraca
daposits of sandy gravel, however, overlie the Walnut formation at sites
No. 12 and No. 13, This condition may make necessary the use of foundation
drains, since obtaining a positive cutoff ig not practicable.

At several sites, embankment materials are scarce. This will oecessitate
obtaining materials either from the detention pool areas or by ripping thin



bedded limestones to reach interbedded shales and clays. It is believed
that flatter than normal embankment side slopes will be required at site
No. 11 because of the necessity of using low density shales as part of the

embankment material.

Rock raking to remove cobbles and boulders from embankment material will
be necessary at nearly all sites. It is likely that embankments will be
zoned at sites No. 12 and No. 13 because of the presence of sandy gravel
terrace deposits to be used in combination with fine textured materials.
Soils available for embankment are primarily CL and GC, as classified in
accordance with the Unified Soil Classification System.

Emergency spillway excavation will be mostly in medium bedded to massive
limestone at sites No. 14 and No, 15; in clay and gravel at sites No, 12
and No., 13; and in alternating beds of shale, marl, limestone, and fossil
aggregates at the remaining sites, The estimated percent rock in emergency

spillway excavation is:

Site Number Percent Rock

1 35
5 2

6 20

7 25

8 20

9 30

10 15
11 30
12 0

13 0
14 75
15 70

Economic Investigations

Selection of Evaluation Reaches

Because of the diversity of damageable values and flood plain characteris-
tics the flood plain was divided into seven evaluation reaches, see plate
1. Of these, two were in the urban area of Killeen and one in Belton.

Determination of Nonagricultural Damages

Since the major floodwater damages in this watershed are to nonagricultural
property, the synthetic frequency method of analysis was used. Information
was collected in the field on damages experienced from the flood of 1957 and
from several other minor floods. At the same time an evaluation was made

of the damages that would occur from a flood which éould be expected on an
average of once in 100 years. Under without project conditions, a flood of



this magnitude would result in a high water elevation in Killeen about

0.5 foot higher than experienced in 1957. 1In Belton the 100-year frequency
flood would result in a high water elevation about 3.0 feet higher than
recorded in 1957. High water marks from the experienced floods were used
to determine peak stages which in turn were related to stages calculated
for the synthetic series and stage damage curves were developed to cover
the range of damage producing floods. Average annual damages under the
present state of development were calculated for each evaluation reach.

The field investigations showed that the rate of growth and expansion in
Killeen has been extremely rapid during the past 10 years. Housing, both
in the form of permanent residences and trailer parks, and business develop-
ments has encroached upon the area subject to flooding. Considering the
rate of past development and the continued demand for building sites,

it 18 conservatively estimated that at least 75 percent of the undeveloped
area in the flood plain of Reach G (plate 1) will be developed within the -
next ten years, even if no project were installed. This 1s equivalent to
an increase in damageable values of 52.5 percent at the end of the ten
year period. Therefore, damage to the existing development in this reach
was increased by 46 percent to reflect the gradual accrual of these values

discounted to present worth.

In Belton the increase in development in the area subject to floodwater
damage has not been nearly as rapid as in Killeen. Field studies, however,
indicate that some new development is constantly taking place and that dam-
ageable values are continuing to increase due to a general improvement in
the standard of living of residents in the area and the gradual economic
growth of the business community. From analysis of the past rate of in-
creagse in development and increases in damageable values, it is considered
that the total damageable value in the area subject to damage would be
increased about 50 percent by the end of the 100-year evaluation period.
Therefore, damage to existing development was increased by 14.8 percent

to reflect the gradual accrual of these values, discounted to present worth.

Because most of the housing subject to flood damage is of relatively low
value and a high percent of the damage by the larger floods is to businesses,
indirect damages associated with urban flooding will bear & higher than
normal relationship to the direct damage. Expenses associated with dis-
location of residents and rehabilitation of businesses will be extremely
high. For thig reason it was estimated that indirect damages to urban
property would be about one-fourth of the direct damage.

Demage estimates to roads, bridges, and railroads in the flood plain were
obtained from county commissioners, state highway officials, and Gulf
Colorado and Santa Fe Railroad officials. About 30 percent of the bridges
are of a semi-low water type and relatively small flows cause damage to
the approaches and require the removal of debris. The other bridges are
generally open span and are higher than the plane of approach. Damage to
these structures occurs only from the larger, infrequent overflows, and
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has been limited to sloughing of fill and damage to approachea and road
surfaces on either gide of the atructures.

Flooding causes lengthy detours in travel by the labor force, school buses,
carriers, and commuting military personnel in the watershed. It waa esti-
mated that indirect damages would be about one-fifth of the direct road,

bridge, and railroad damage.
Determination of Agricultural Damages

Agricultural damage estimates were based on information contained in eched-
ules obtained from operators of about 35 percent of the agricultural units
in the flood plain. These schedules covered land use, crop distribution,
yields, and hietorical data on flooding and flood damagas.

In the calculation of crop and pasture damage, expenses saved, such as the
cost of harvesting and other production inputs, were deducted from the
groas value of the damage. The flood plain land use was mappad in the
field. Estimates of normal flood-free yields were based on data obtained
from schedules, supplemented by information from other agricultural workers
in the area and from secondary sources. Information on other agricultural
damages, such as fences, livestock, and farm equipment was obtained from
schedules and correlated with size of floods.

The monetary value of the physical damage from erosion and from deposition
of sediment was based on the value of the production lost, taking finto
account the time lag for recovery. '

Important items of indirect agricultural damage are the interruptions of
travel or detours due to flooding, losses sustained through inability to
gain access to fields at optimm time for cultural operations, and addi-
tional expenses for care of livestock. It was estimated thet indirect dam-
ages to agricultural property would approximate 10 percent of the direct

damage.

Benefits from Raduction of Damage

Average annual damages within the watershed were calculated for conditions
without a project, with planned land treatment installed, and after instal-
lation of the complete project., The difference between the damage aftaer
the inatallation of a phase of the project and that before its imstallation
congtituted the benefit from reduction of damage creditable to that phase.
At each phase considered, adjustments were made in crop and pasture demage
to take into account the effects of recurrent flooding.

Installation of this project will provide some benefits on the main stem
of the Leon River immediately below the confluence of Nolan Creek. How-
ever, Belton Reservoir, which 15 located immediately upstream on the Leon
River, eliminates all flooding except that of a localized nature which
results from extremely large flows originating on Nolan Creek watershed.
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Because of the infrequency of flooding from the Leon River no estimate was
made of the monetary benefits resulting from the installation of this pro-

ject,

Enhancement Type Benefits

Parmers were asked what changes thay would make in their flood plain farm
ing operations if flood protection were provided. Analygie of their replies
in conjunction with other available information indicated that no signifi-
cent changes in their use of the flood plain could be axpected to reeult
from the project. Conditions other than frequency of flooding are respon-
gible for the rather low intensity of agricultural use on much of the flood
plain. Therefore, no benefits were claimed from regtoration of former
productivity or more intensive agricultural use of the flood plain.

There is one ideally located ll-ecre tract of undeveloped land in Killeen
that now floods too frequently to riek development, but which would be
flood free from the 100-year frequency flood under project conditions.
Investigations revealed that this tract ig presently served by adequate
streets and utilities and would fill a need for either residential housing
or business sites. This land was considered for enhancement during a 10-
year period. The annual benefit in the form of the increased return to

the land, less development expense, was discounted to present worth and
included as urban enhancement benefit (table 6). This aree is exclusive of
any areas on which benefits from reduction of damages to future developmant
without a project have been claimed.

No enhancement benefits are claimed in the urban area of Belton. Investiga-
tions indicated that there are no significant areas that are now undeveloped
becauee of flood hazard that would be offerad flood-free protection under

project conditions.

Incidental Recreation Benefits

Recreation benefits will occur fncidental to the installation of the flood-
water retarding structures proposed in this plan. Flood prevention wasg the
only purpose considered in the location, capacity, and design of these
structures and no additional project costs are involved in obtaining inci-
dental recreation benefits from the ntorage in the sediment pools of the
Btructures. When the structurea are installed, it is estimated that the
sediment pools will have a potential total surface area of 450 escres. 1In
order to determine the minimum benefits, evaluation was limited to the pool
areas that would result from the 50-year sediment storage or 200 acre-feet
at each etructure, whichever was less. Therefore, a recreation benefits ware
estimated on the basis of a total surface area of 245 acreg. Studies 1indi-
cated that the pool areas considered will fill a definite need for outdoor
recreational activities. All of these pools are ideally located in relation
to the rapidly expanding population i{n the area. Present population within
& 25-mile range of these structures is approximately 100,000 {n addition to
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the military personnel stationed at Fort Hood. Degree of utiliration for
recreation was estimated by comparing total surface areas, number and size

of pools, population, and alternate facilities with Green Creek watershed,
Erath County, Texas, for which a comprehensive study of recreation utili-
zation has been made. From this comparieon, it is estimated that uge of

the pool aress of the structures included in this project will sverage 7,350
visitor days annually. The evaluated recreational benefits are limited to
those expected from public use of project facilities, based upon availability
of structures in Green Craek and similar watersheds for public use.

It is believed that all pool areas will ultimately have partially developed
recreational facilities for fishing, swimming, hunting and boating, with

many of the larger poola located adjacent to urban areas having fully devel-
oped facilities. To assure a conservative estimate of benefite, a net value
of $1.00 per vigitor day was used in the economic evaluation. A five year
pericd was considered for development and lag in utilization of these facil-
ities. It was also considered that approximately the same level of utiliza-
tion would prevail for about 40 years at which time gediment deposition would
reduce the attraction of the pools for recreational activities. Total annual

. benefits from this source, diescounted to present worth, were eatimated to

average $4,988.

Secondary Benefits

Values of local secondary benefits were calculated according to the interim
procedures outlined in Watershed Memorandum SCS-57, October 3, 1962.

Secondary benefits of a local nature were considered as either (1) stemming
from the project, or (2) induced by the project. Benefits stemming from

the project were considered to be at least 10 percent of the diract primary
benefits accruing to the structural measures included i{n this plan. Second-
ary benefits resulting from primary recreation benefita and urban enhance-
ment benefits were considered to be induced by the project. Secondary
benefits were considered to be 10 percent of the average annual recreation
benefits and 10 percent of the annual equivalent of the cost of urban develop-
ment, induced by the project, discounted to prasent worth.

The total annual value of secondary benefits resulting from structural
measures included in this plan are estimated to be §6,625 of which §5,243
stem from the project and §1,382 are induced by the project.

Allocation of Benafits

Damage reduction benefite and secondary benefits stemming from the project
were allocated to structural measures included in this plan and to those
constructed on Fort Hood Reservation on the basis of estimated inatellation
cost. Urban enhancement benefits and recreation benefits result entirely
from structursl measures included in this plan and were so allocated.

Benefits allocated to floodwater retarding structures to be constructed by
Fort Hood are estimated to average $10,375 annually., Total annual cost of
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these mespureg, including installation cost end operation end maintenence,
are estimated at $8,574,

Appreisal of Land and Easement Values

Aregs that will be inundated by the sediment and detention poola of the
floodwater retarding structures were excluded from the damage calculaetions.
An estimate was made, however, of the value of the production that would

be lost in those areaa after installation of the project. 1In this appraisal
it vas considered that there would be no production in the sediment pools.
The land coverad by the detention pools was aseumed to be converted to grass-
lend under project conditions. The cost of land, easements, and rights-of-
way for the 12 floodwater retarding structures and 2.81 miles of channel
improvement were determined by individual appraisal ip cooperation with
representatives of the sponsoring local organixations. The floodwater
retarding structure aite costs were basmed on appraisala of the value of the
easements with consideration given to the values that will remaip after the

land 18 devoted to project purposes.
The average annual net loss in production and essoclated secondary losses,
baged on long-term prices, within the aites were calculated and this valua

compared with the amortired cost of the structure sites. The larger amount
wag used in the economic evaluation of the project to assure a conservative

estimate.

Details of Methodology

The evaluation of flood damages was made by flood routing a synthetic storm
series. Details of the procedures used in the economic investigations under
this method of evaluation are described in the Soil Conservation Service
Economics Guide for Watershed Protection and Flood Prevention, December 19558.
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i Outling of Floodwater and Sediment Damage Area NOLAN CREEK WATERSHED
++++++++ Eqch +=8 Ac’—es Sediment Dumuge BELL AND CORYELL COUNTIES, TEXAS
. U.S. DEPARTMENT OF AGRICULTURE
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100 YEAR FREQUENCY STORM
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BELTON, TEXAS
AOLAN CREEY WATERSHED
Yol o ooa forvell fSounties. Texas
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i
Fenck LEGEND
——~——(— Fence to be constructed under contract ,
—X——X— £xssting Fence M
- —5——S5— Fence in the constraction area lo be removed T L MiLER
N and salvaged by contractor / . .
%, , ' . 3 ! Structure o
2, 14" Wire Glff A minimum o{;,ﬂ" fopsoi/ fo be/,e/a::o’/;; » i Srée No.5 N} ﬂ
i JO’ of Fence Emergency Spillway and on 2/l Compacte MRs. Matre B : A
Noturs! ground in Emergency — _ ¢ ; . ey, ; \
Spillwey not to be disturbed below Sy ¢ Fill Areas’ See the specifications. Miceer Emergency Spillwsy
approx. 5te. 8¢50. © 9 T x Crest £1 16512
544 800 on Right Side of Emer. Spiliway .;F' y —% g
S 649 3,00 on £ of Dam 5 N
Wosle Area
N § o0, §
5, ; .-L'\.\\\ f S a g
) Barm £levlsdzo— | Ny TE Y a
Soe Detail Sheet Ka3 230" h b
. & ——
-, 330" ¢ : v et ﬂ . Principsl 7;’3//;4)'
= ) ;1 T 5 ] 3 l Vo) /8’ Wire Gop Crest £].1638. p y(,o
= 3 — 8 e — in 30" of fence A | Structure located spproximstely 12
) v \ T ] T — milcs northesst of Colemasn, Coleman
¢ b \

e —
\ ﬁ |
of Frincipal Spillmay

12" Berm  Elev 168375

Approx. limits of
Borrow Ares

/

Caunt‘y, Texss.

VICINITY MAP

; 3 4
> Ay 2400 Materis! in Fonk dsm may be used % ! 2
P 3 iz,g" 9:;5 on £ of Pam os embankment i/l | ScaLe v MILES
% GENERAL PLAN OF RESERVOIR
R L o 400 800 1200 16001
‘ . S STORAGE -Ls _-lF !
. . . . URFACE CALE IN FEET .
EMERGENCY SPILLWAY & - Em.eriency Spillway Diversion: 18” eflective ELevaTion | =4 cres . [Acre Feer] Inents
CURVE DATA heidht, 3: side slopes, minimum base, 13° 76329 2 y 005
A Cost of diversion fo be subsidiary fo other - -
4 - 44700 items of work 16369 3 20 0.27
D 7137 16380 8 28 0.37
R 8035 16405 4 Go 0.80
L - 2010 PLAN OF EMBANKMENT AND SPILLWAYS 1644.9 £0 728 1.70
PL=Sh 529 ; 1648.9 29 226 so0 | | | i _ e T—Approx. Ground line
PT -$f2 7430 4 oo Loo 2 200 50 186512 364 | 301 399 | rce0 | - ] _
ScaLe w Feer 16529 47z 368 4.88 e .
g 16569 53 558 740 V7 ste re30 .
1€60.9 &4 792 10.57 ’// Eleiw 16492 0 % \
/€50 - ‘j’/ NF 0.0 %] S
Top of Dorn{Eifcelivel Elev_ 1658.5 ! asX o
Emergzncy pilway Crest Elev. 165 1. IS Finished Grode
Principsl_Spillway Crest Elev. 1638.0 N N =
Sedirment Pool Llev. 16380 | 540 N ;\‘—g - —~
Droinage Area, Acres 904 A RN \
Sedjment Storsse, Aere Feef 32 N> % N <@
floodwater Storage, Acre Feet 269 33 33 N \
MHax.Emerseney Spitluiay Cop. c.fs. 830 L (IR AN
1630 NS
| | T pprox_ 5t 12e40 SN
Cé'mergency Sprllwsy Dlver.vllan Z /3‘5&5 b3 Q
) Sta. Je40.55 Top of Dam Flex /1658.3
560 3 Elev 16566 Sts B+00 fo Sia 17700 %20 S . s o ——
\\\ L/ PROFILE ON ¢ OF EMERGENCY SPILLWAY
oA 7
\, /
; /
res0 / (— Emer, :iney 5,01/’?’0)’ Cregt  Fley 165[2 ] 10" w
- ~ Eley ) Approx. Ground Line
£00 ‘\ \\ Il (—Apprax/nufe &round line //I 3 X H }y __f“ \
I B / Lest Dike |- éeo o Right Dike -
%540 - ~L o ) ,
\[mer{enty Spillway Crest Section™ S frincipal Spillwsy Crest flex K350
revolved fo 8 of Dem \ S | ,/ Left Dike:
~ T - 2471 DPjpe ’ Approx. 518. 7275 fo 530 8200 Elev 16566 From
~ T \% ,// 546 8400 to Sta B+50, grace uniformly fo H=307
%30 > S From S$tp 8250 1o 12400, }H~30’
™~ - A Right Oik Plate S
7, h ke
~—— —-C—a——-’ porox ke 7440 Fo Embsnkment Elev 16566, TYPICAL
wzo | NorE:lomplefe soil anid foundskion Approximete Cutoff Trench G /l.t?’, _E=§5-’/{A' Fmg’fj’glboagkf/:eg: ,‘;251{061.79'00 FLOODWATER RETARDING STRUCTURE
vastigotion dots fogather with T e e g 7 GENERAL PLAN AND PROFILE
loborafary fest dots are dvar/oble 0 Wel0o, &= 1. ‘ -
in 8CS. field cm.#mc//'aq offrce Mote: ) U. S. DEPARTMENT OF AGRICULTURE
for reviaw by ;.Io.rpcc//v.i- Lidders. Matarial Forming both dikes to be placed énd perd SOIL CONSERVATION SERY;ICE
2400 $+00 €*00 §.00 00 72e for as "Compacted Fi/l” Data
” o Natural ground in Emergency Spillway nof fo oesignea, PV £ C. ERLY) loivpyorted
PROFILE ON Q OF DAM be disturbea below approx. St 8+50 toss waren v
TYPICAL SECTION — EMERGENCY SPILLWAY s WEG. € GWT. 461
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Upstream Toe

Fill from Upstreem Toe to limits shown
& £] 163/0 Msterial fo be placed and
paid for as “Compacted Fill’

Anti-Vorter Deck

Principal _Spitiwey Crast E1 1638.0
2440 7" Inlet

8" Siide Gate /Inv EL /6315

\
ste 110/
£1 624

£xcavete for Conduyit Rundation
to spproximate hmits shown snd
backfrll prior to excavating
Cutoff Trench.

Ste /+/6

Top of Osm £l /6583

(Allowance for settlement included.)

~Lacavate open channel on uniform &radc
Iy + ¥ from one /ga/ below invertf of ouffall pipe
% v v * ! fo natural drain @ approximalte Sfa. 3025
I\ Top of | To be pard a5 "Chonnel Excavation.”
krmW
<
i . ¥
i S 25/ 253
. LI H —— =t —= = e z =: —

£20° Sta 2000 on £ of FPrincipel Spillway

N < Sfe. 9447 on £ of Oam.

IR € of Fipe contijever

Sa N Support

g | .
N 12.0° /120" 230 l ~+—Downstream Toe
|
= Backfil! to not less than 12 “above fop
,',.N Ly 4 4 4 4 1 of pipe before excovating french.
2
Note: If /10 foot sections of pipe are wsead, place the #irst onti-seep collar N

@t the center of the 6% section of pipe &5 cownted fromk fhe inlef
end ond space Fhe remaining enti-seep collars at 20 feaf c.c.

Energency Spillway Crest £/4 /6512 -

12 Berm E/. 16325
Rock Fily

TYPICAL SECTION

for Ihis variation.

EMBANKMENT DATA

727
_ fLmergency Sprliwsy Cresf L1 /6502 Excavation tobe paid as “Cutoff Trench
Minimum 2 compacted earth Excavation” Backhill prior tfo excavating
Fill between rock and pipe -Imperviovs Core: Excavale Cutoff Trench pioe French /ékp;f:/ 25 “Compacted Fill®
12 Berm with 1/ Side s/apes ond £2 11 bofforn width
£L 16375 fo ?pf’ox//nl/e Jimif shown on " Profife on € TYPICAL FOUNDATION EXCAVATION
of Dam” :
L 5 Anti-Scep C(dllars @ 240 cc Note: Charnge berm widtkh fo /8 Feet /F 10 foo? sections of
7 - ] used.
[ \ L .__..‘"0 24”10 Pjpe (—Zi’ﬁerm El 16320 prpe are
T — l { |
0.2 % 04% o_7xl 10% N_ B75% 150 Z0% | 100h et i e e ——— Approx. Ground Line
& 50% £0 % 3.0% Z0% ‘ TR asx I —
< N N T — | — RN D [ S Y W 2
( AT Sts__3404 / 70 |20
; 3 £l 16240 | !
o g v » hEl,IGZO\E/IGzo “ 5 2 R - n -
Q S S S S - o Q 2 o % N N N S & Fipe Contilever | |5
s 5 & B O E & OB OB O OB o8& & & & B |preoewe!k
b ¢
O N SO - T IS D MO N N v S MR - Y1 3|
by 2% Ay 2 A 2 KN & Uy SR SR e b N s L3P 3l
x @ S S %) x g O % x ¥ S 3 x I o Iy S x 8 x 8| s
£ IS I8 B3 wis Sk bl Sl S S S GlE £ £ S 58 5| s
204 ft of 24210 Prestressed Concrete Li/ned Stee/ Cylinder Pipe [AWWA_Spec C-3p0/)
Note: The defail abore is plonned for 12
SECTION MATERIALS foot sections of pipe. Seclion lenglhs
- aB TEST COMPACTIDN of /0 feel may be wsed with /'nr’erf,
: REQUIREMENTS of joints sel on grade line s esltablish-
PRINCIPAL SPILLWAY WodlTTed [WIA.Dry T Morsture P ed’sbove, wtiltzing 200 feet of pipe,
) I e ending st station 3+/6 Seclion lengths
§ ; ; Z] cess of 12 feet wil/ not b er-
Motes. Mo Forma! Embmnkment 2on/ng /s required. Selection of ma- Oen. | Moist | Cu.Ft. [Fram ‘T/o No. :77/';;;;. o ” o e p
terigls represented by Laborwtery Curye No, 1,3, and 4 shall be wsed /51128 | (07.2 | 1.0 UP z'
in Cutoff Trench wnd center section of Fm knrent. The material repre- 1460 | 67 |/36.7 | 6.1 L
stented by Labaratory Curve No. 2 3hell be used /n the ouvter she/. The 1261 1009 | /78.9 |/09 | UP 3
mixture of rock dnd earth excavation from the emergeacy Ipillway 1268103 |12.0 /2.0 |[uP | & Plate 5A
shall b& used in The wpstream mnd dowosiresm Barms. TYPICA
Upward limits of mosstura will bx determined by the frojeer Engrnaer L
sccording To the workability spects of materisls dering coastruetien. [ FLOODWATER RETARDING STRUCTURE
£ B‘t;;n U the meterial being ploced in fhe Fill contains Ya inch STRUCTURE PLAN AND SECTION
- / ' Rock Fill -

or lorgler materjal in amounts o’/f/ering’ from the per—-
centdges found In the loboratory somple, the minimum
dry density and moisture requirement will be corrected

U. S. DEPARTMENT OF AGRICULTURE

SOIL CONSERVATION SERVICE
ot N

~3—°—,,§-:| 4-E-15357
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