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WATERSHED WORK PLAN AGREEMENT

between the

Limestone-Falls Soil Conssrvation District
Local Organization
McLennan County Soil Conservation District
Local Organization
Ellis-Prairie Soil Conservation District
Local Organizstion
Navarro-Hill Soil Conservation District
Local Organization

{Hereinafter referred to as the Districts)

Navarro County Commissioners Court
Local Orgsnization

Ellis County Commissicners Court
Local Orgsnization '

Hill County Comaisaioners Court
Loceal Organization

(Hereinsfter referred to as the Counties)

In the State of Texas

and the

United Ststes Department of Agriculture
501l Conservation Service
(Hereinafter referred to as the Service)

Whereas, the Districte have heretofore entered into a Flood Control
Supplemental Memorandum of Understanding with the Soil Conservation Service
for assistance in constructing works of improvement for the prevention of
floods in the Richland Creek Watershed , State of Texas, undar the
authority of the Flood Control Act of 1944 (58 Stat. 887).

Whereas, the responsibility for carrying out all or a portion of the
work of the Department on the watershed has been sssigned by the Secretary
of Agriculture to the Service; and

Whereas, there has been developed through the cooperetive efforts of
the Districts and the Service a mutually satisfactory plan for works of
improvement for the Richland Creek Watershed , State of Texas, hsreinafter
referred to as the Watershed Work Plan;

Whersas, the Counties will benefit frow the carrying out of the plan for
works of improvement through the reduction of damsges to property, including
county roads and bridges in the counties that are located within the flood
plain of the watershed;
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It is mutually agreed that in installing and operating and main-
taining the Works of Improvement described in the Watershed Work Plan:

1. The District andfor the County 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,

2. The District will acquire or provide assurance that landowners
or water users have acquired such water rights pursuant to State
law as may be needed in the installation and operation of the
Works of Improvement.

3. The Service will provide all construction costs and installation
services applicable to Works of Improvement for flood prevention.

4. The District will obtain agreements from owners of not less than
50 percent of the land above each floodwater retarding structure
that they will carry out conservation farm or ranch plans on
their land.

5. The District will provide assistance to landowners and operators
to assure the installation of the land treatment measures shown
in the Watershed Work Plan.

6. The District wiil encourage landowners and operators to operate
and maintain the land treatment measures for the protection and
improvement of the watershed.

7. The District and the County will be responsible for the opera-
tion and malntenance of the structural Works of Improvement by
actually performing the work or arranging for such work in
accordance with an Operation and Maintenance Agreement which is
to be entered into.

8. The Watershed Work Plan may be amended or revised and this
agreement may be modified or terminated, only by mutual agree-
ment of the parties hereto.

9. No member of or delegate to Congress, or resident commissioner,
ghall be admitted to any sghare or part of this agreement, or
- to any benefit that may arise therefrom; but this provision
shall not be construed to extend to this agreement if made
with a corporation for its general benefit.
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Limestone-Falls Soil Conservation Distriet
1 Organization

By

Title fﬁ”‘ww

e 5721/ 5T

The signing of this agreement was authorized by a resolution of the
governing body of the Limestone-Falls Soil Conservstion District
cal Or

ganjzation
adopted at 2 meeting held on 6_’ ’ /‘}—_7
‘; i_@LﬂA,/dghﬁ¢4:zlpﬂ_§&f“/h/

(Secre tary&Lo cal Organization)

Date {” ,2_2'- c{—}

McLennan County Soil Conservation District

ganization
o

By

Title__@M\-/'

Date éﬁ/ /LQ_—;?

The signing of this agreement was authorized b%oa regolution of the
governing body of the McLennan County Soil Conservation Diastrict

Local Qrganization

adopted at a meeting held on 7/)47 Q._ﬂ/ /795G

(Secre;ry, Local Organizaé;;q—i '

Date_Zé:zQ;/ 2/, /257
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Ellis-Prairie Soil Conservation District

Local Organization

By FL
Title éM
e STE LI

The signing of this agreement was autﬁorized by a resolution of the
governing body of the Ellis-Prairie Soil Conservation District
Local Qrganization

adopted at a meeting held on 5""'/ 9‘-_5'9

(Secretary, Local Organization)

Date 5-'-'/?"-3—?

Navarro-Hill So¢il Conservation District
Local Qrganization

By MM},/
Title__%éln&/

Date 5 - 2./ - J’?

The signing of this agreement was authorized by a resolution of the
governing body of the Navarro-Hill Soil Conservstion District

Local Qrganization

adopted at a meeting held on =~ 2/- 59

J57C A by —

{Secretary, LocalO@n'}é’ation)
Date étéz/—*f?
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Navarro County Commissioners Court
Local Organization

Title
Date .5//;'/ /_.‘)—7
e
The signing of this agreement was autérized by a resolution of the
governing body of the Navarro County Commeissioners Court

Local Organization

adopted at a meeting held on S~ R ST
[

Date ‘9ﬂ/f7




Ellis County Commissioners Jour*

S CCANEEY YR F R DI EE
Local Orggnization

By

Title M 5 -_IL
Date _ ZZEMI 30_ 1)95‘-?

The signing of this agreement was authorized by a resolution of the
governing body of the Ellis County Commissioners Court
Local Organization

adopted at a meeting held on ,5 - 3 g- J f
- A

(Secretary, Local Organ on)

Date \__:5—_*30’;:?

r urt Hfll County

Local Organization

By
Title '

v 4
Date ___Jop7cets (1957
The signing of this agreement was authorized by a resolution of the

governing body of the _Commissfoners Court Hill County
Local Organization

adopted at a meeting held on ;77% e /. /f;_f-?-
7 .

& {Secretary, Local i
Date \Q \Mcm..a.q
N

E United States Department of Agriculture
Soil Conservation Service

By

State Conservationist

Date
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WORK PLAN

RICHLAND CREEK WATERSHED
Of the Trinity River Watershed
Navarro, Ellis, Hill, Limestone, 'and Freestone Counties, Texas

Plan prepared and works of improvement to
be installed under the authority of the
Flood Control Act of 1936, as amended and
supplemented.

Participating Agencies

Navarro-Hill Soil Congervation District
Limestone-Falls Soil Conservation District
Ellis-Prairie Soil Conservation District
McLennan County Soil Conservation District
Ellis County Commissgioners Court

Hill County Commissioners Court

Navarro County Commissioners Court

- Prepared By:

Solil Conservation Service
U. §. Department of Agriculture
October 1958
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SECTION 1

WORK PLAN

RICHLAND CREEK WATERSHED
Of the Trimity River Watershed

Navarro, Ellis, Hill, Limestone, and Freestone Counties, Texas

October 1958

SUMMARY OF PLAN

Description
Size: 586,696 acres - 916.7 square miles.

Land Use:
Cultivation 270,357
Pasture 258,377
Woodland pasture . 13,379
Miscellaneous (towns, roade, reilroads, etc. ) 44,583

Flood plain area:

Excluding proposed Navarro Mills and Fort Worth
reservolirs and proposed floodwater retarding

structures ' 53,247
In Fort Worth Reservoir 21,995
In Navarro Milla Reservoilr 3,600
In proposed floodwater retarding structures 3,327

Soil Conservation Districts:

Navarro-Hill 547,900
Limestone-Falls 32,400
Ellis-Prairie 1,770
McLenonan County 4,626

Flood Frequency:

acres
acres
acres
acres

acres

acres
acres
acres

acres
acres
acres
acres

Total of 136 floods during 30-year period of study (1924 through 1953),

which 28 inundated more than half the flood plain area.

Lland Treatment:

Applied Remaining to
Practice Unit to Date be Done
Contour Farming Acre 66,513 121,989
Cover Cropping Acre 73,014 168,438

Rotation Hay and Pasture Acre 27,760 12,586

of




Applied Remaining to

Practice Unit to Date be Done
Crop Residue Utilization Acre 106,816 147,171
Proper Use Range and Pasture Acre 87,525 101,376
Range Seeding Acre 0 6,317
Pasture Planting Acre 47,989 67,835
Brush Control Acre 6,623 19,482
Wildlife Area Improvement Acre 22,963 14,481
Fish Pond Improvemegnt No. 940 1,265
Terracing Mile - 2,425 4,545
Diversion Construction Mile 97 543
Waterway Development Acre 2,044 3,921
Pond Construction ' No. 2,854 2,408
Stabilizing Measures No. 37 93
Fertilizing Acre 76,923 180,392

Structural Measures:

Applied Remaining to
Measure Unit to Date, be Done
Floodwater Retarding Structures No. 9 144
Stream Channel Tmprovement Mile 0 65.5
Total Cost:
Item Federal Nen=-Federal Total |
(dollars) (dollars) (dollars)
Land Treatment 563,243 11,515,827 12,079,070
Structural Measures 8,598,765 1,080,620 9,679,385
Work Plan Preparation 98,076 - 98,076
Total 9,260,084 12,596,447 21,856,531
Average Annual Monetary Damages and Benefits:
i : Damages : Benefits
Item : Withoutl/: With Land : With ¢ Structural:
L. : Project : Treatment : Project : Measures : Total
(dollars) (dollars) (dollars) (dollars) (dollars)
. Floodwater 765,946 713,376 134,750 578,626 631,196
Sediment 121,117 75,437 23,011 52,426 98,106
Erosion 25,340 22,869 3,673 19,196 21,667
Indirect .91,240 81,168 16,143 65,025 75,097

Land Use Change - - 42,690 42,690

Total 1,003,643 892,850 177,577 757,963 868,756

1/ Considering Navarro Mills and Fort Worth reservoirs in place.
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Benefit-Cost Ratio - Structural Measures:

Average Annual Bepefits - Structures
Average Annual Cost - Structures
Benefit-Cost Ratio

Operation and Maintenance:

- Land Treatment Measures:

Navarro-Hill Soil Conservation District

Limestone~-Falls Soill Conservation District

Ellig-Prairie Soll Conservation District
7 McLennan County Soll Conservation District

Structural Measures:

Navarro-Hill Soil Conservatlion District
Limestone-Falls Soil Conservation District
McLennan County So0il Conservatiom District
Ellis County Commissioners Court

Hil]l Ceounty Commissioners Court '
Navarro County Commissioners Court

Annual Coet -

$757,963
$382,153
2.0:1

$28,674




DESCRIPTION OF WATERSHED

Physical Data

Richland Creek heads in the northeastern part of Hill County about nine
miles northwest of Milford. TI% flows to the south and east through parts
of Ellls, Navarro and Freestone Counties and enters the Trinity River
approximately 25 miles southeast of Covsicana. The larger tributaries
are Pin Oak, Rush, Post Oak, White Rock, and Ash Creeks. Chambers Creek,
drainage area 1,073 square miles, joims Richiand Creek approximately 8.5
miles upstream from the Richland Creek - Trinity River confluence.
Chambers Creek is not included in rhis work plan since a work plan has
been previously prepared for this watershed. The Richland Creek watershed
has an area of 586,696 acres (916.7 square miles), nearly all of which is
in farms and ranches.

Upland slopes generally range from 1 to 5 percent, with some slopes as
steep as 20 percent along the south sides of streams and in the upper
reaches of the watershed. The main ailuvial valley of Richland Creek
ranges in width from 9,000 feet in the vicinity of Cheneyboro to 1,000
feet in its upper reaches. Valley widths of tke main tributaries range
from 7,000 feet at their confluence with Ri:zhland Creek to 800 feet near
the headwaters. Elevations range from 250 feet to 790 feet above mean
sea level.

Approximately 2.5 percent of the watershed lies in the Foresred Coastal
Plain Land Resource Area. These solls are deep, medium to coarse tex-
tured and very slowly to moderately permeable. Tne principal soil

series are Boswell, Tabor and Lufkin. Only 2 small percent of this area is
cultivated, with the rest in open and wooded pastare. Erosion rates are
low in this area.

Approximately 97.5 percent of the watershed is in the Blackland Prairies
Land Rescurce area. These soils are medium Co fine textured, very
slowly to moderately permeable, and deep to very skallow. The principal
soil series are Wilson, Crockett, Houstor, Austir, Eddy, Kaufman and
Trinity. Erosior ranges from low to wery high ir ihe Blackiand area,
depending primarily upon the smourt and tresziment of cultivated land.

A large percent of the Houston series, especially, is ir cultivarion.
Some slopes of three to six percent have only a small amount of land
treatment. The upper part of the watershed is in the Austin and Eddy
soil series. Considerabie amounts of small grain creps are grown in this
area and erosion is fairly low.

. The upper portion of the Richland Creek watershed is composed of geological
formations of the Upper Cretaceous Sys*em. Formations of Tertiary age
occupy the lower portion of the watershed, below Corsicana. The geolo-
gilcal groups of the Upper Cretaceous System are the Austin chalk, Taylor
marl and the Navarro formations. Those of Tertiary age consist of Midway
and Wilcox.




The land use for the entlire watershed is as followsa:

Land Use Acres Percent
Cropland : : 270,357 46.1
Pasture 258,377 44.0
Wooded Pasture 13,379 2.3
Migcellaneous 1/ 44,583 7.6
Total 586,696 100.0

Approximately 17 percent of the cultivated land in the watershed is in
small grains and legumes, with the remainder in row crops. In areas where
row type farming predominates, most of the soils are in poor condition.

The open and wooded paatnre ‘cover conditions are:

Land Use Good Fair Poor
{Percent) (Percent) (Percent)

Pasture . 37.7 47.1 15.2

Wooded Pasture 57.9 42.1 : -

Most of the pasturea have a fairly good grass ¢ever which is good to
excellent for erosion ecpntrol. Some formerly cultivated areas now being
used for pasture have never been established to a base grass, and are in
poor condition.

The flood plain is that area inundated by the runoff from a storm which
can be expected to oceur on an average of once in 50 years. This storm
would produce a runoff of 5. B9 inches and inundate 53,247 acres exclusive
of that inundated by the proposed Navarro Mills and Fort Worth regervolrs
and the proposed floodwater retarding structures. These reservoirs and
the sediment and déetention pools will inundate approximately 28,922 acres
of the flood plain. The flood plain land use 1s as follows:

Land Use Acres Percent
Cropland 28,888 54.2
Pasture 16,431 30.9
Wooded Pasture ' 4,302 8.1
Stream Channels 2,950 5.5
Miscellaneous 2/ 676 - 1.3
Total 53,247 100.0

1/ Includes, roads, r&ilrbada, towns, and the proposed Navarro Mills
and Fort Worth reservoir sites.

2/ 1Includes roads, railroads, etc.
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The mean annual rainfalli is 36.91 inches based on a 70~year Weather Bureau
record at Corsicena. It is weill distributed, with the wettest months being
April, May, and December. Individual! excsssive rains causing serious flood-
water and sediment damage may occur in any season, but are most frequent

in the spring. The winimum recorded anrual rainfall was 19.36 inches; the
maximum was 53.89 inches,

Averige temperatures range from 8% degrees Fahrenheit in the summer to 47
degrees ir the winter. The normal frost-fiee period is 244 days.

Water for domestic and lives®ock uses in the rural areas is supplied largely
by smail farm ponds ard shallow wells. Water for Coolidge, Dawson, and
Hubbard is su:pplied by reservoir storage, while the remainder of municipali-
ties obtained their water from welis.

Economic Daca

The watershed economy is basically agricsitural, with cottom, corn, and
graln sorghums being the predominant crops. Livestock enterprises consti-
tute a major source of income. Most of rhe recent increase in livestock
farming bas been in beef cattle production, The farms average approxi-
mately 2i0 acres in size witn a value of £19,000 for land and buildings,
according to the ¥. 5. Census of 1954, Tenant operated farming is pre-
dominant .

Approximately 380 miles of pard-surfased roals traverse the watershed. 1In
addition, thtere are 2,020 miles 3f local or county roads. Rail service
is adequate for ail sections of the arna.

Hubbard, population 1,768, is <. iarzest town in the watershed. Other
towns an< popuiarions ara2: IDawscn, 1,:07; Coclidge, 1.062; Blooming
Grove, 736; Tehuacara, 389; and Malorne, 35Z.

Principal industries afferding employmens opportunities for rvesidents of
the watershed are the manufacture of o0il fizid machiuery and equipment,
glass bottles, rock wool imsulation, fats, and cotton textiles. These
indnstries are located in Corsicana, a city of 25,262 population,located
just outrside the watershed.

WATERSHEL PRDBLEMS

Floodwater Damage

Frequent fiooding ir the Rickiand Creek watershed has caused damages of
considerable magnitude. Large fioods have occurred on an average of once
a year. During the 30-year period studied, 1924 through 1953, *there were
28 major fioods which coverec more than balf the flooa plain and 108 minor
floods covering iess than hali thke fioud plain (figure 1). Forty-six
percent of the major floods and 33 percent of the smaller fioods occurred
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during the growing season and caused heavy damage to growing crops. The

most recent major flood occurred inm April, 1957, and inundated 67,545 acres,
including flood plain in the proposed Fort Worth and Navarro Mills reservoirs.
Damage from this flood was estimated to be $1,073,583, of which $737,898 was

to crops and pastures.

The largest storm in the evaluation series occurred in May, 1948 and produced
a runoff of 5.89 inches. This storm inundated the entire flood plain.

It is estimated that the average annual direct monetary floodwater damage

under existing conditions, exclusive of areas inundated by proposed major

reservoirs, is $765,946, of which $716,860 is crop and pasture damage. In

5 addition there are numerous indirect damages, such as interruption of travel,
losses in business sustained by dealers and industries in the area and other
losses which are estimated to average $91,240 annually. The average annual
monetary flood damages are summarized in table 5.

Due largely to the frequency of flooding, approximately 5 percent of the
flood plain of Richland Creek and its tributaries is idle and about 7 percent
has been retired from cultivation to Johnsongrass for hay production.

Erosion

Erosion rates in the watershed range from low to very high, depending
primarily upon the intensity of use and treatment of cultivated land. Most

of the erosion damage is caused by sheet erosion on cultivated areas. This
type of erosion constitutes about 90 percent of the total annual gross erosion
in the watershed with the remaining 10 percent derived from gully and stream-

bank erosion.

The highest erosion and sediment production rates occur in four general areas
within the watershed: (1) on the south side of Pin Oak Creek between Coolidge
and the Hill County line, sites 4A to 9C; (2) along the slopes on the south
side of the mainstem of Richland Creek, Purdon to Dawson, sites 109 to 116;
(3) along the mainstem of Richland Creek above Emmett in the northwest part
of Navarro County to the southwest corner of Ellis County just north of
Mertens, sites 44 to 49, 58, 66, and 98 to 102; and (4) along Ash and Bynum
. Creeks in Hill County, sites 68 to 71, 78, 80 to 83, 83 to 89, and 91. All
of these areas are characterized by a high percentage of cultivated land.
A high degree of intensive land treatment will be necessary in all these
areas 1f rates of sediment production are reduced to less than two inches
during the 50-year expected life of the project.

¥lood Plain Erosion Damage

- There have been 1,447 acres of flood plain damaged by scour below floodwater

- retarding structures and excluding areas within the Navarro Mills and proposed
Fort Worth Reservoirs. This is approximately 2.9 percent of the flood plain.
The degree and extent of this damage is divided as follows:

Percent of damage 10 30 50 60 75 90
Acres damages 372.9 343.3 293.2  262.5 129.8 45.6




The annual value of this damage is estimated to be $25,340.

Streambank erosion in this watershed is so negligible that no monetary value
was placed on it.

Sediment Damage

Overbank sediment deposits have damaged approximately 28,179 acres, or 56 per-
cent of the flood plain. These deposits are similar in texture and color to
the original alluvium but are lower in orgamic matter and plant nutrients. It
is estimated that crop and pasture productiom has been reduced about five
percent on 13,717 acres and 10 percent on 14,462 acres as a result of this
damage, the annual value of which is estimated to be $92,288.

There are two proposed major reservoirs within the Richland Creek watershed.
These are the Navarro Mills and the Fort Worth municipal water supply sites.
In addition, there are municipal water supply lakes at Hubbard, Coolidge and
Dawson. The estimated annual sediment yield in acre feet and monetary damage
to the Navarro Mills and the Fort Worth municipal reservoirs, if installed
would be as follows:

With . Wwith

Regervoir Without Project Land Treatment Structures and
Land Treatment

(ac.ft.) (dollars) (ac.ft.)(dollars) (ac.ft.) (dollars)

Navarro Mills 298.04 11,400 249.81 9,555 163.33 6,247
Fort Worth 321.69 17,049 261,09 13,837 174.21 9,233

There are no floodwater retarding structures planned above the other municipal
water supply reservoirs, but the present rate of sediment accumulation in
these reservoirs will be reduced by the application of land treatment
measures. The annual capacity loss, in acre-feet, and the monetary damage
‘under present conditions and with land treatment are as follows:

Site Without Project With Land Treatment
(ac.ft.) (dellars) (ac.ft.) (dollars)
Dawson City Lake 3.76 207.00 1.35 74.00
Hubbard City Lakes 2.43 134.00 2.25 124.00
Coolidge City Lakes 0.71 39.00 0.35 12.00

Channel filling is occurring at an accelerated rate over most of the water-
shed. Loss of channel capacity has caused more frequent flooding, parti-
cularly in the Ash Creek bottom land where the channel has lost an estimated
50 percent of its original capacity. The loss of capacity in most other
channels is somewhat less than this. Swamping damage occurring in low
bottom land areas where water may stand due to the outlet being blocked by
sediment was considered to be sediment damage.




Farm ponds are receiving sediment at various rates, depending largely on the
amount and treatment of cultivated land in their drainage area. Neither
sediment yield nor monetary value of this damage to farm ponds was estimated.

Problems Relating to Water Management

Problems relating to water management are minor and do not warrant a study

at this time. There is little activity relative to drainage or irrigation.

No individual landowners or groups of landowners have indicated an interest

in providing additional capacity in any of the floodwater retarding structures
for irrigation purposes. The municipality of Coolidge has arranged to store
additional water in floodwater retarding structure No. 10. The towns of
Dawson and Hubbard have indicated interest, but have made no arrangement for
additional storage. '

EXISTING OR PROPOSED WORKS OF IMPROVEMENT

The Federally authorized multipurpose Navarro Mills Reservoir, proposed to
be constructed by the Corps of Engineers, and a municipal water supply
reservoir, proposed to be constructed by the city of Fort Worth, are in
this watershed. In the event either of these reservoirs is not constructed
this plan will be revised to include additional flood prevention measures.

Individual farmers have attempted to prevent or control floods by straigh-
tening stream channels and building levees. These efforts have had little
effect in the reduction of flooding and gccompanylng flood damage. During
the past several years farmers cooperating with their respective soll
conservation districts have been preparing conservation plans on a
community and subwatershed basis In an attempt to protect their lands and
to reduce flooding. The Richland-Chambers Creek Watershed Association

has been formed for the purpose of promoting and coordinating flood
prevention activities within the watershed.

WORKS OF IMPROVEMENT TO BE_INSTALLED

Land Treatment Measures

An effective conservation program based upon the use of each acre of agri-
cultural land within its capabilities and its treatment in accordance with
its needs, such as is now being carried out by the four soil conservation
districts serving the watershed, is essential for a sound flood prevention
program on the watershed. Basic to reaching this objective is the establish-
ment and maintenance of all applicable soil and water conservation and
management practices necessary to proper land use. Emphasis will be placed
on accelerating the establishment of land treatment measures which have a
measurable effect on reducing floodwater and sediment damage.

Of the total watershed area of 586,696 acres, 231,085 acres lie above 9
constructed and 144 proposed floodwater retarding structures. There are
202,240 acres above the proposed Navarro Mills Reservoir, of which 96,730
acres lie above floodwater retarding structures. This constitutes a total

%
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of 336,595 acres controlled by the Navarro Mills Reservoir and the floodwater
retarding structures. Land treatment is especially important to support and
supplement the contrcl of the floodwater retarding structures.

Prior to work plan development, landowners and operators have established

land treatment measures at an estimated non-Federal cost of $4,873,940,
exclusive of ACPS reimbursements, and a Federal expenditure of $279,961 of
flood prevention funds for accelerated technical assistance to help landowmers
of the watershed in planning and applying land treatment measures. During

the project installation period additional land treatment measures are to be
established at an estimated non-Federal cost of $6,641,887 and a Federal cost
of $283,282. Land treatment measures and costs are shown on table 1.

Most of the land treatment measures will function principally to decrease
erosion damage to fields and pastures by providing improved soil cover
conditions. These measures include conservation cropping systems, cover
cropping, rotation hay and pasture, crop residue utilization for croplands
and pasture planting, range seeding, proper use, rotation grazing, deferred
grazing and brush control to establish good cover on the grasslands. They
also include the construction of farm ponds to provide adequate livestock
water and a better distribution of grazing to prevent cover-destroying
concentrations of livestock; and proper use of Tange and pasture to provide
improvement, protection, and good maintenance of grass-stands. These
measures, especially the cropland measures and pasture planting, also
effectlvely improve soil conditions, allowing larger amounts of rainfall to
soak into the soil.

In addition to the soil improvement and cover measures, land treatment
includes contour farmlng, ‘terracing, diversion construction and waterway
development to serve these measures, all of which have a measurable effect
in reducing peak discharge by extending the course of runoff water from
fields. These measures also help the soil improvement and cover measures
to reduce erosion damage and sediment production.

Structural Measures

Prior to the development of this work plan, other flood prevention plans
were developed on that portion of Richland and Pin QOak Creeks above the
previously proposed Corps of Engineers site at Love Bridge, which is near
the confluence of these streams. There have been nine floodwater retarding
structures, (numbers 10, 19, 20, 20A, 21, 22, 23, 24, and 25) eonstructed
on the Pin Oak Creek watershed which were a part of these plans. The
relocation of the Corps of Engineers reservoir to the Navarro Mills site
has necessitated the revision of these plans to include all of Richland
Creek watershed except Chambers Creek,

The system of 153 floodwater retarding structures and 65.5 miles of stream
channel improvement will be installed to effect the needed protection to
flood plain lands that cannot be provided by land treatment measures alome.
The system of floodwater retarding structures will temporarily detain
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runoff from 48 percent of the watershed above the proposed Navarro Mills
site, and 30 percent of the area between the Navarro Mills site and the.
upper limits of the Fort Worth reservoir. The floodwater retarding struc-
tures above Navarro Mills Reservoir will detain an average of 4.86 inches

of runoff from their combined drainage areas of 96,730 acres. This is an
equivalent of 2.32 inches from the 202,240-acre drainage area of the proposed
Navarro Mills Reservoir. The floodwater retarding structures between Navarro
Mills and the upper limits of the Fort Worth reservoir will detain an average
of 5.16 inches of runoff from their drainage area of 134,355 acres. This is
equivalent to 2.57 inches from the total area of 269,440 acres between the

two reservoirs,
Figure 2 shows a section of a typical floodwater retarding structure.

Stream channels will be improved to provide for the peak flow resulting
from a storm producing 3.0 inches of runoff, which is a storm of approxi-
mately a 3-year frequency, and the release flows of the proposed floodwater
retarding structures and Navarro Mills Reservoir.

Land, easements, and rights-of-way for the floodwater retarding structures
and stream channel improvement will be provided by the spomsoring local
organizations. The value of these is estimated to be $1,059,700, based on
local market values. There will be an estimated $20,920 of additional

costs for legal fees connected with obtaining these easements. The sediment
pools of the 153 floodwater retarding structures will inundate 2,218 acres
of flood plain land and the detention pools will temporarily inundate an
additional 1,109 acres of flood plain. The sediment pools also will cover
2,955 acres of upland and the detention pools will include am additional
8,519 acres of upland.

The locations of floodwater retarding structures and stream channel improve-
ment are shown on the Planned Structural Measures map, figure 3. All

planned structural measures are located upstream from the upper pool limits
of the proposed Fort Worth Reservoir. The total estimated cost of establish-
ing these works of improvement is $9,679,385, of which $1,080,620 will be
borne by non-Federal interests and $8,598,765 by the Federal government.

The average annual equivalent cost is estimated to be $353,479 for installa-
tion and $28,674 for operation and maintenance, a total average annual cost
of $382,153.

Benefits From Works of Improvement

The combined program of land treatment and structural measures, including
the Navarro Mills Reservoir, will prevent flood damages from 32 of the 136
floods which occurred in this watershed from 1924 through 1953, and 25 of
the 28 major floods will be reduced to minor floods. The average annual
flooding will be reduced from 92,244 acres to 14,389 acres.

With the project installed the flood plain of the mainstem of Richland Creek
between the proposed Fort Worth and Navarro Mills reservoirs will be essen~
tially flood-free for all storms up to the size that can be expected to
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ocecur no more frequently than once in three years. The Pin Oak, Post Oak,
Ash, and White Rock Creek flood plains will experience some flooding on their
tributaries from storms larger than can be expected to occur once in three
years. On the entire watershed storms expected to occur once in three years
will flood approximately 16 percent of the flood plain, and storms expected
to occur omce in 25 years will flood approximately 57 percent of the flood

plain.

It is assumed that idle land in the flood plain which will not be subject to
flooding more often than once in three years after the project is installed
will be returned to crop production. A portion of the area retired to
Johnsongrass, as well as formerly cultivated open pasture land, is expected
to go back to higher value crops. These changes are considered restoration
to former productivity and are included in crop and pasture damage in table 5.

The estimated average annual floodwater, flood plain erosion, and sediment
damage will be reduced from $912,403 to $161,434, a reduction of 82.3 percent.
The structural measures will reduce the average annual damage from the
$811,682 remaining after land treatment to $161,434, a reduction of 80.1

percent.

Benefits to the project from the reductiom of indirect damage, such as
interruption of travel, disruption of usual business activities, and similar
items are estimated to be $65,025 annually.

Owners and operators of flood plain lands say that with an adequate reduc-
tion of flooding they will change the use of some of the land to the
production of higher value crops. A shift from pasture, which has not been
previously in cultivation to cropland is considered changed land use.
Approximately 10 percent of the area subject to intensive use due to protec-
tion by structural measures falls in this category and is expected to be
converted to higher value crops such as feed crops, or alfalfa. Increased
net income expected from such changes will amount to $42,690 annually. This
benefit i1s based on the assumption that the project will not cause an
increase in the acreage of cotton, the crop in the watershed on which
acreage allotments are in effect. Should acreage allotments be removed,

the benefit would be increased as cotton is one of the more profitable crops

in the watershed.

The total flood prevention bemefits including reduction of flood damages,
reduction of sediment deposition om flood plain lands and in the Navarro
Mills and Fort Worth reservoirs, the reduction in flood plain scour damage,
benefits from restoration and more intensive use of flood plain lands, and
reduction of indirect damages are estimated to be $757,963 annually. These
benefits will result from installation of the floodwater retarding structures

and channel improvement.

COMPARTISON OF BENEFITS AND COSTS

The average annual equivalent cost of the structural measures (converted
from total installatiom cost, plus operation and maintenance) is estimated

2, SRR T e B
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to be $382,153. When the structures are completely installed they are expected
to produce average annual benefits of $757,963, a benefit of $1.98 for each
dollar of cost. There are other substantial values which will accrue from
these structural measures, such as increased opportunity for recreation,
improved wildlife conditions and a sense of security, which have not been

used for project justificationm.

ACCOMPLISHING THE PLAN

Land Treatment Measures

Land treatment measures itemized in table 1 will be established by farmers
over a 10-year period in cooperation with the Navarro-Hill, Ellis-Prairie,
Limestone-Falls and McLennan County Soil Conservation Districts. The cost

of applying these measures is exclusive of expected reimbursement from the
Agricultural Conservation Program or other Federal programs, based on current
program criteria, and will be borme by the owners and operators of the land.
The soil conservation districts, assisted by the Soil Conservation Service,
are giving assistance in the planning and application of these measures under
their going programs. Accelerated assistance from the Soil Conservation
Service, with flood prevention funds, has been made available for several
years to get land treatment needed in conjunction with planned structural
measures applied. This assistance will be continued to assure application

of the planned land treatment measures within the 10-year installation period

of the project.

The governing bedies of the four soil conservation districts will arrange
for meetings according to a definite schedule. By this means and by
individual contacts they will encourage the landowners and operators to
adopt and carry out soil and water conservation plans on their farms.
District-owned equipment will be made available to the landowners in
accordance with the existing arrangements for equipment usage in the
districts. The district-governing bodies will make periocdic inspections
of the completed conservation measures within the districts and follow
through to see that needed maintenance is per formed.

The soil and water conservation loan program of the Farmers Home Administra-
tion is available to all eligible individual farmers and ranchers in the
area. Educational meetings will be held in cooperation with other agencies
to outline the services available and eligibility requirements. FPresent
FHA clients will be encouraged to cooperate in the project.

The County ASC Committees will cooperate with the governing bodies of the
soil conservation districts by selecting and recommending financial
assistance for those ACPS practices which will accomplish the conservation
objectives in the shortest possible time. :

The Extension Service will assist with the educational phase of the program
by conducting general information and local farm meetings, preparing radio

and press releases, and using other methods of getting information to land-
owners and operators in the Richland Creek waterghed.
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Structural Measures

The Soil Conservation Service will contract for the construction of the 1533
floodwater retarding structures and the 65.5 miles of stream channel improve-
ment. Technical assistance will be provided to plan, design, prepare specifi-
cations, supervise construction, prepare contract payment estimates, make final

- inspections, certify completion, and perform related duties for the installa-
tion of these structural measures.

The soil conservation districts will furnish the land, easements, and rights~
of~way for all the structural measures at no cost to the Federal Government.

The following is a grouping.of structures for comstruction purposes, each
group of which has a favorable ‘benefit-cost ratio, based on those benefits
that will accrue within the boundary of each construction unit:

ey

_ Number : Annual : Annual : Benefit-
- Construction Unit : Structures: Benefit : Cost :Cost Ratio
' (dollars) (dollars)
1. Calina Creek, 7 through 10 K=o t¥ 6 12,002 8,522 1.4:1
2. Elm Creek, 17 through 25 Guitr 10 25,488 13,165 1.9:1
3. Upper Pin Oak, 1 through 6A™and 11,
12, 13, 16 and 16A = - 13 31,177 21,637 1.4:1
4. Board Creek 31 and 32 2 7,448 5,842 1.3:1
5. Units 1,2,3,& 4 with 14,14A,15,26,264, -
27, 28 29 30 33,34,35, and 36 44 138,397 68,853 2.0:1
6. Unit 5 and Pin Oak Channel Improvement 44 248,420 105,797 2.3:1
7. Richland Creek above Hackberry,
- 37 through 49 _ 13 25,123 23,657 1.1:1
8. Hackberry Creek, 98 through 102 5 - 12,220 7,747 1.6:1
9. Strain Branch, 103 1 3,782 2,408 1.6:1
10. 50 through 66, and White Rock with
Channel Improvement LTl M&l/“"’"‘f“f; 45,163 42,822 1.1:1
11. Bynum Creek, 67 through 71 5 13,942 10,066 1.4:1
12. Ash Creek excluding Bynum Creek,
72 through 89 _ _ 17 49,681 28,963 1.7:1
i 13, Cottonwood, 90 through 94 5 28,188 9,173 3.1:1
14. East Cottonwood, 95 through 97 3 8,365 4,059 2.1:1

15. Units 11,12,13,& 14,and Ash and Bynum

Creek Channel Improvement 30 155,854 67,271 2.3:1

16. Battle Creek, 106 through 112 7 18,665 13,616 1.4:1

. 17. Post Oak Creek, 119 through 127 9 29,857 17,253 1.7:1

) 18. Unit 17 & Post QOak Cr. Channel Improv. 9 40,163 24,766 1.6:1

19. Tributary H, 128 ' 1 4,285 1,839 2.3:1

i 20. Tributary F, 129 1 3,263 1,332 2.4:1
- 21. Units 16,18,19,& 20 with 104, 105 113, '

114, 115 116 117, and 118 26 103,168 56,587 1.8:1

22. Melton Branch, 130 and 131 2 14,024 4,840 2.9:1

23. Rush Creek, 132 through 136 5 19,888 12,471 1.6:1

24. Brier Creek, 137 through 140 5 19,882 9,135 2.2:1

25. Corbet Branch, 141 through 145 5 8,494 7,748 1.1:1

26. Units 21 through 25, and Richland
Creek Channel Improvement 43 258,928 132,451 2.0:1
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All necessary land, easements, and rights-of-way will be obtained for each
construction unit before Federal financial assistance is made available for
installation of any part of that construction unit.

The cooperating parties have agreed on an installation schedule of 10 years
for the structural measures during the 1l0-year period for completion of the

project. It is planned to comstruct structures in the following order:
Fiscal Federal : Non-Federal: Total
Year Structure : Cost Cost Cost
(dollars) (dollars) (dollars)
Completed 10,19, 20,204,21,22,23,24, and
25 265,612 51,280 316,892
First 7,8,9A,9B,9C,17, and 18 195,896 34,110 230,006
Second 1,2,3,4,4A,5,6,6A,11,12,13,
16,164,31,32 589,886 108,720 698, 606
Third 14,14A,15,26,264,27,28,29,30,33,
34,35,36 and Stream Channel
Improvement Pin Oak 1,313,676 111,890 1,425,566
Fourth 37,38,39,40,41,42,43,44,45,46,
47,48,49,50,51,52,53,54,55,56,57,
58,59,60,61,62,63,64,65,66, Stream
Channel Improvement on White
Rock Creek 1,587,812 130,020 1,717,832
Fifth 90,91,92,93,94,95,96,97,119,
120,121,122,123,124,125,126,
127,128,129,141,142,143,144,
and 145 868,156 181,610 1,049,766
Sixth 67,68,69,70,71,106,107, 108,
109,110,111,112,137,1374,138
139,140, Stream Channel Improve-
ment on Post Oak Creek 851,543 150,740 1,002,283
Seventh  98,99,100,101,102,132,133,
134,135,136 411,687 98,420 510,107
Eighth 72,73,74,75,77,78,79,80,81,
82,83,84,85,86,87,88,89,
130,131, Stream Channel
Improvement on Bynum and
Ash Creeks 1,072,843 148,490 1,221,333
Ninth 104,105,113,114,115, 116,
117,118,103 390,032 57,990 448,022
Tenth Stream Channel Improvement \
on Richland Creek 1,051,622 7,350 1,058,972
Total 8,598,765 1,080,620 9,679,385
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This schedule will be adjusted from year to year on the basis of any signifi-
cant changes in the plan found to be mutually desired and in light of appro-
priations and accomplishments actually made.

The various features of cooperation between the cooperating parties have been
covered in appropriate memoranda of understanding and working agreements.

OPERATION AND MAINTENANCE

- Land Treatment Measures

Land treatment measures will be operated and maintained by the owners and
operators of the farms and ranches on which the measures are installed, under
. agreements with the Navarro-Hill, Ellis-Prairie, Limestone-Falls, and McLennan
County Soil Conservation Districts. Representatives of these s0il consetva-
tion districts will make periodic inspections of the land treatment measures
to determine maintenance needs and to encourage landowners and operators to
per form maintenance. They will make district-owned equipment available for

this putrpose.

Structural Measures

The Hill County Commissioners Court and the McLennan County Soil Conservation
District have entered into a watershed protection operation and maintenance
agreement with the Soil Conservation Service to assume responsibility for
operation and ma‘ntenance of sites 77 and 78. Similar agreements have been
entered into by the Hill County Commissioners Court and the Limestone-Falls
. Soil Conservation District for sites 1, 2, and 3; Hill County Commissioners

Court and Navarro-Hill Soil Conservation District for sites 6, 6A, 37
through 75, 79 through 97, and 16.93 miles of stream channel improvement
(Ash, Bynum, and White Rock Creeks); Ellis County Commissioners Court and
Navarro-Hill Soil Conservation District for sites 43 and 44; Navarro County
Commissioners Court and Navarro-Hill Soil Conservation District for sites
12, 14, 14A, 15, 26A, 26 through 36, 98 through 145, 1374, and 45.07 miles
of stream channel improvement (Richland, Post Oak, and the portion of Pin
Oak in Navarro County); and the city of Coolidge and the Navarro-Hill Soil
Conservation District for site 10. The Limestone-Falls Soil Conservation
District will operate and maintain sites &4, 4A, 5, 7, 8, 9A, 9B, and 9C,
and the Navarro-Hill Soil Conservation District sites 11, 13, 164, 16

T through 25, 20A, and stream channel improvement on the 3.5 miles of Pin

) Oak Creek located in Limestone County.

All structural measures will be inspected at least annually and after
each heavy rain or streamflow by representatives of the soil comservation
district in which the structure is located. A Soil Conservation Service
representative will participate in these inspections at least annually.
Items of inspection will include, but not be limited to, the conditions
of the principal spillway and its appurtenances, the emergency spillway,
the earth fill, the vegetative cover of the earth fill and the emergency
spillway, and fences and gates installed as a part of the floodwater
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retarding structures. The responsible scil conservation district will
maintain a record of all maintenance inspections and work done.

Provisions will be made for free access of District and Federal representa-
tives to inspect the structural measures and their appurtenances at any

time.

The estimated annual operation and maintenance cost is $28,674, based on
long-term price levels. The necessary maintenance work will be accomplish-
ed through the use of resources of the soill conservation districts, the
county commissioners courts and through maintenance associations of
benefited landowners.

The scil conservation districts fully understand their obligations for
maintenance and will execute specific maintenance agreements prior to the
issuance of any invitation to bid.

CONFORMANCE OF PLAN TO FEDERAL LAWS AND REGULATIONS

The installation of the flood prevention project on the Richland Creek
watershed would give added protection to flood plain lands along this
stream and greatly reduce the sediment load carried by it. This project
plan conforms to all Federal laws and regulations.

For a period of three years from date of plan surplus crops grown on lands
reclaimed by flood prevention, irrigation, or drainage and the land so
reclaimed shall be ineligible for any benefits under the soll-bank provi-
sions of the So0il Bank Act and under price support legislation.
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SECTION 2

INVESTIGATIONS, ANALYSES, AND SUPPORTING TABLES

INVESTIGATIONS AND ANALYSES

Land Treatment

The soil-cover complex data was developed from a 13 percent sample of the
watershed. Soil units and slopes were mapped on cultivated land, together
with the amounts of terraced land, small grains, and legumes and soil
conditions. On pasture land, the soils were grouped by cover conditioms.
Future conditions were determined by needs based on land capability classes.

: The watershed was divided into three areas and hydrologic soll-cover complex
curve numbers were developed for each. The divisions were Pin Oak Creek,
‘Richland Creek above Navarro Mills site, and Richland Creek below Navarro
Mills site.

Land use was determined from a 17 percent sample which was expanded to the
total watershed area. The land use of the flood plain was planimetered from
aerial photographs. The land treatment needs werfe supplied by Soil Conserva-
tion Service technicians of the local work units. Each work unit supplied
' the needs within their area and these were combined to obtainm the total land
treatment needs for the watershed. It was estimated that 80 percent of the
total needed land treatment measures would be installed by the end of the
10-year project installation period.

- Structural Measures

Determination was then made of structural measures for flood prevention
which would be feasible to install. The study made and the procedures
used in that determination were as follows:

1. A base map of the watershed was prepared showing the watershed
boundary, drainage pattern, system of roads, and other perti-
nent information. A stereoscopic study of consecutive 4-inch
aerial photographs located all probable floodwater retarding
structure sites, the limits and the area of the flood plain
and points where valley cross sections should be taken for

T the determination of hydraulic characteristics of the channel

' and valley and for flood-routing purposes. A field reconnais-

sance was made to substantiate further the location of these

sections. This information was placed on the watershed base

. map for use in field surveys. Cross sectloms of the Flood

. plain were surveyed at the selected locations (figure 1).
Data developed from these cross sections permitted the
computation of stage-area inundated relationships for various
flood flows. A map was prepared of the flood plain on which
land use, cross section locations and other pertinent infor-
mation were recorded.
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A field examination was made of all probable floodwater retard-
ing structure sites previously located stereoscopically. Sites
which did not show gcod storage possibilities or which would
inundate highways or expensive improvements, for which the

cost of relocating was not economically feasible were dropped
from further consideration. From the remaining sites a

system of floodwater retarding structures was selected for
further consideration and detailed survey. Plans of a
floodwater retarding structure, typical of those planned for
this watershed, are illnstrated by figures 4 and 4A.

A topographic map was made of the pool area of each of the
proposed sites to datermine the storage capacity of the

site, the estimated cost of the dam and the areas of flood
plain and upland that would be inundated by the sediment

and detention pools. The heights of the dams and the sizes

of the pools were determined by the storage volume needed

to temporarily detain the runoff from the design storm and

to provide the additional storage needed for sediment, with
due consideration to site differences and mianimization of
costs. The limits of the detention pools and sediment pools
of all satisfacrory sites an% cre flood plain of the streams
were drawn to scale on a copy of the tace map. Structure

data tabies were developed to show, for each structure, the
drainage area, the storage capa.iLy needea for flcodwater
detention and for sediment srorage in acre-feet and in

inches of ruvoff from the drainasze zreas, the releasc rate

of the principal spillway, the scres inundated Ly the sadiment
and deteation pools, the volume oI 7ii! in the dams, the width
and depth of flow of the emergency spillways, and the estimated
cost of the structures {(tables ? and 3).

Damages resulting from rlooduater, sediment and flood plain
erosion were determined from damage scherinies and field surveys
of flood plain areas and fiocod vouting witn tbe Navarro Mills
and Fort Worth reservoirs assumed :5 be in place. Reductions
in these damages resultiag from (12 proposed works of improve-
ment were estimated orn the bosis of reduction of area inundated
and depth of inundation as determired by flood routing under
future conditions, assuming tha. the works of iwmprcvement had
been installed. Benafits sc determined were allocated to
individual measures or groups of irnterrzlated measures ov the
basis of the effect of each on reduction of damages. In this
manner it wag determined that a sysivem of floodwater retarding
structures on Richland (reek avove the upper limits of the

Fort Worth Reservoir could be economically justified. By
further analysis, those individual floodwater retarding
structures and interrelated structures which had favorable
benefit-cost ratios were determined. These were included in
the plan. Those which were unfavorable were dropped from further
consfderation and, where replacecments were found to be necessary
to effect needed control, alterrate sites were investigated
until a system of floodwater retarding structures was developed
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which would give maximum net benefits. After evaluation of

the floodwater retarding structures it was found that frequent
flooding will continue on portioms of the watershed. This is
due to small existing channels and large drainages contributing
to these areas. To alleviate this condition stream channel
improvement is planned to carry the uncontrolled runoff from

a 3-year expectancy storm and the release flows from the
proposed Navarro Mills Reservoir and the floodwater retarding

structures.

When the land treatment measures and those structural measures for flood
prevention had been determined, a table was developed to show the total
cost of each type of measure. The summation of the total costs for all
the needed measures represented the estimated cost of the planned flood
prevention project (tables 1 and 2). A second cost table was developed to
show separately the annual installation cost, annual maintenance cost, and
total annual cost of the structural measures {(table 4).

Hydraulic and Hydrologic

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

1. Basic meteorologic and hydrologic data were tabulated and
analyzed.

2. Engineering surveys were made to cecllect information on
selected stream reaches, including valley cross sectionms,
channel capacities and other hydraulic characteristics, and
on proposed structure sites to collect data used in design.

3. Determination wag made of the hydrclogic conditions of the
watershed, taking into consideration such factors as geology,
soils, land use, topography, cover and climate,

4. Determination was made of the rainfall-runoff relationship,
using the soil-cover complex data. This was then compared
to actual gaged runoff. The frequency of occurrence of
meteorologic events and the relaticnship of precipitation
to runoff, peak discharge, flood stage, and area inundated
were determined.

5. Determination was made of peak discharges under present
watershed conditions, as related to area inundated and

damages.

6. Determination was made of peak discharges and area inundated
under cenditions which would exist due to:

a. Present conditions (Navarro Mills considered in place).
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b. Effect of land treatment measures.

c. Effect of land treatment measures, and floodwater
retarding structures.

d. Effect of land treatment measures, floodwater retarding
structures, and stream channel improvement.

e. Consideration of alternative projects and measures.
7. Inflow hydrographs for structure sites were developed.

From a graph showing cumulative departures from normal precipitation, the
rainfall for the period 1924 to 1953, inclusive, was selected as most
representative of a normal rainfall period for the Richland Creek watershed.
This period permitted the use of 15 years of gaged records on the watershed.

After investigation and analysis of the meteorologic, hydraulic, hydrologic,
geologic, and economic characteristics of the watershed, it was determined
that a structural program was feasible only on that portion of the water-
shed sbove the upper limits of the proposed Fort Worth Reservoir. Structur-
al measures were not found to be feasible on the remainder of the watershed
due to expected future flooding of the flood plain located in the proposed
Fort Worth Reservoir.

The largest runoff-producing rain considered during the 30-year period of
study was a storm of 8.28 inches, approximately a 50-year frequency,
extending over a 3-day interval. An average rain of this magnitude
assuming Moisture Condition II would produce 5.89 inches of runoff, under
present conditions, and would inundate 53,247 acres. This storm was used
in establishing the flood plain area. 1I1If such a rain were to occur after
land treatment practices had been appiied, it is estimated that the area
inundated would be reduced to 52,926 acres. With land treatment measures
applied and Navarro Mills constructed it ig estimated that the area
inundated would be reduced to 49,883 acres. With the fiood prevention
structural measures added this would be reduced to 31,694 acres. These
areas include 2,950 acres of stream channel, but exclude areas in the

two proposed major reservoirs. The runoff from the 6-hour,25-year
frequency storm was used to establish the minimum fioodwater detention
storage requirements. The minimum detention storzge requirement, based

on an analysis of the conditions existing in the watershed, was established
as 3.3 to 3.9 inches. 1Inflow hydrographs for structure design were develop-
ed using the runoff that would be produced by a point rain of 14.6 to 14.8
inches in a period of 6 hours, assuming Moisture Condition IXI. The
hydrograph of runoff was routed through each structure to determine the
emergency spillway width and elevation of top of dam, which was set one
foot above the depth of flow indicated by the freeboard hydrograph.

Inflow hydrographs for determining design depth of flow and velocity

of flow in exit channels of emergency spillways were developed using the
runoffs that would be produced by 0.5"P" for Class A structures and
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0.75"P'"" for Class B structures using a 6-hour point rainfall of 14.6 to
14.8 inches, adjusted to watershed size, and assuming Moisture Condition
II.

From a study of the relationship between runoff and flood stage for this
watershed it was found that a runoff of 0.10 inch was the minimum that
would cause flooding to a depth of 6 inches at the smallest cross section.
Due to changes in runoff-producing characteristics at different antecedent
motsture conditions, rains of 0.50 inch to 2.00 inches would be required,
on an average, to cause 0.10 inch of runoff and produce a discharge of
1,000 cubic feet per second at the stream gage where U. S. Highway 75
crosses Richland Creek.

The peak discharge at this stream gage from the largest rain in the 30-year
period used in the evaluation study is 58,900 cubic feet per second under
present conditions. After installation and full functioning of the planned
measures, including the Navarro Mills reservoir, the discharge from the
seme storm event at the same section would be reduced to 19,160 cubic feet
per second.

Sedimentation

Field surveys to determine sedimentation and related damages in the Richland
Creek watershed were made according to methods described in the Sedimenta-
tion Section of "Procedures for Developing Flood Prevention Work Plans”,
Water Conservation 6, Soil Conservation Service, Region 4, Revised February,
1954. Field studies included reconnaissance surveys of geology and soils,
studies of overbank sediment deposits, flood plain scour, streambank
erosion, and the nature of channels and valleys on or near valley cross
sections.

Investigations of sediment sources in the watershed above the proposed
floodwater retarding structures were made according to standard procedures
and predictions were made for future sedimentation rates based on total
effective land treatment of 60 to 75 pe-cent. Detailied sediment produc-
tion rates were compute¢ for approximately one~third of the structure
sites. The sediment production above the remaining sites were estimated
using the detailed studies as a guide. The sediment derived from sheet
erosion was estimated by the method presented in "Suggested Criteria for
Estimating Gross Sheet Erosion and Sediment Delivery Rates for the Biack~
land Prairies Problem Area in Soil Conservation', Soil Conservation
Service, Region 4, February, 1953. The formula is based on watershed
surveys including the following data:

1. S8oil unit in acres, by slope in percent, slope length in
feet, and land use (cultivated, pasture or woodland).

2, Average farming practices (percent row crops and/or
percent small grains, terracing, etc.)
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3. Cover condition classes on pasture and woods.

4. Maximum 30-minute rainfall intensity to be expected once
in two years.

5. An estimate of annual gully and streambank erosion.

Cultivated land produces most of the sediment in the watershed, but pasture
with poor cover is an important contributor in some areas. The application
of needed cropland treatment and pasture improvement measures to bring the
total effective land treatment up to 60 percent will reduce the present
sediment yield by an estimated 18 percent. Areas damaged by flood plain
scour will be rendered productive again after they have been protected from
flooding and needed land treatment measures have been put into effect.

Geologic

Reconnaissance geclogic inspections were made at all the floodwater retard-
ing structure sites. These included studies of the valley slopes, alluvium,
channel banks and exposed rock outcrops. Some hand auger borings were also
made. :

The Austin formation consists of alternating beds of chalk, shaly limestone,
and marls. It is characterized by much small-scale faulting and jointing.
The faulting may range from a mere crack to several feet of displacement
but these are filled with clay and there should be no leakage. Floodwater
retarding structure sites within this formation are: 37 - 43, 50 - 56,

59 - 65, 67, 72 - 75, 77 and 79.

The Taylor group comsists of thinly interbedded marls of varying colors,
(mostly gray), and blue and yellow weathered and unweathered shales and
clays. These shales and clays are dominant but in a few areas there are
soft, poorly consolidated outcrops of the Pecan Gap formation. Floodwater
retarding structure sites within the Taylor are 4 - 8, 44 - 49, 57, 58, 66,
68 - 71, 78, 80 - 103, 106 - 111, 113 - 117, 130 - 131, 133, 135 - 1374,
139 and 140. A rather extensive area within the Taylor formation is the

e Wolfe City sand. Sites within this area are 104 - 105, 112, 119 - 128,
132, and 134. Sites within the Taylor formation should have few, if any,
counstruction problems.

The Navarro group consists of several formations that are outcropping in
this area. They are the Neylandville marl, Nacatoch sand, Corsicana
marl, and Kemp clay. The Neylandville marl consists of sandy marl and
dark gray calcareous, sandy clays. Sites within the Neylandville are
: 9A - 12, 14, 14A, 16, 16A, 31, 32, 118, 129, 138, and 141. This material
has low shear strength, and may require flatter than normal slopes on
embankments. The Nacatoch formation, which overlays the Neylandville,
is a medium to fine grained sand, which in places is cemented by lime
to form hard, calcareous sandstone. Sites within the Nacatoch are 13,
15, and 142 - 145. Overlying the Nacatoch is the Corsicana marl which
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is mainly fairly dense shales and clays of varying colors. The sites within
this formation are 17 - 20, 33, 34, and 35. Kemp clay is the other member
of the Navarro group. This is mainly fairly dense shales and clays of
varying colors. Sites within the Kemp are 20A - 30. Sites located within
the Navarro formation should have few construction problems, except as

noted above.

The Midway group has two formationms, the Kincaid and Wills Point. The
Kincaid is made up of sandy clays and some fairly soft sandstones, with a
few thin lenses of limestone. The dip is to the southeast at approximately
forty feet to the mile. There is one site within this formation, Site 36.
The Wills Point consists dominantly of clays and some thinly interbedded
silts. There are no sites proposed within this formation.

The Wilcox is generally characterized by poorly consolidated sandstones
with thin beds of blue shale, and some partially consolidated siltstones
of varying colors. There are no sites proposed within this formation.

Economic

Flood damage schedules for approximately 70 percent of the flood plain
area of Richland Creek and its tributaries were obtained from owners and
operators. Information on these schedules included land use and crop
distribution, yields, and historical data on flooding and flood damages.
Land use was mapped in the field and normal yields were based on field
data obtained on schedules, supplemented by information from other agricul-
tural workers with experience in the area.

Because of the dralnage pattern and the wide variance in land use and value
of production in the watershed the flood plain was divided into 46 evalua-
tion reaches, each with its own damageable value and characteristics of
flooding. An analysis of the information obtained formed the basis for
determining crop and pasture damage rates for various depths and seasons

of flooding. Applicable rates of damage were applied to each flooding
event recorded in the historical series and adjustment was made for
recurrence of flooding within the same crop year.

Damages to other agricultural property, such as fences, livestock, levees,
and farm equipment were evaluated from the damage schedules taken from
farmers. These damages were correlated with depth and size of floods.

The major items of nomagricultural damage were roads, bridges and railroads.
Although leads were often obtained from farmers concerning road and bridge
damage, estimates of these damages were obtained from county commissioners,
highway department and railroad company personnel.

The monetary value of damage irom flood plain scour and overbank deposi-
tion was based on the value of production lost, taking into account the
lag for recovery of productivity.

Damage to the authorized Navarro Mills Reservoir and the proposed Fort
Worth Reservoir for sediment deposition was determined by the straight



line method. The estimated cost (4th quarter, 1952 price level) by Navarro
Mills Reservoir and the estimated cost of the Fert Worth Reservolr includ-
ing pipeline installations were used to determine the cost per acre-foot

of storage lost by sediment deposition.

All damages were calculated under without project conditions and those
which will prevail after installation of each progressive phase of the
project. Benefits from reduction of floodwater damages and flood plain
scour regulted from the combined effects of a smaller area flooded and
reduced depth of inundation. Reductions in sediment output and in area
flooded were jointly responsible for benefits from reduction of damage

by overbank deposition. Benefits to structural measures were prorated
according to percentage of control afforded by the structures. All calcu-
lations of damages and benefits were determined at 1954 prices which were
projected to long-term levels (U.S.D.A., A.R.S. June 1956).

Indirect damages involve such items as disruption of travel to markets,
extra farming expense, extra costs of purchasing fead for livestock,

and losses in business sustailned by dealers and induatry in the area.
Based on information obtained and data for watersheds previously analyzed
it was determined that 10 percent of the direct damage would be an
equitable estimate for the indirect damage.

Areas that will be inundated by the sediment and detention pools of flood-
water retarding structures were excluded from calculation of damages due

to flooding. Although it is considered that there will be no production

in the gsediment pools after conmstruction of floodwater retarding structures
and the land covered by detention pools will be converted to grassland
under project conditions it was determined that the annual loss of produc-
tion within structure sites at long-term price levels will be less than

the amortized current values of land in pool areas. Consequently, the
higher figure of land values was used in the economic evaluation of the
project in order to assure a conservative benefit-cost analysis.

During the course of field examinations, farmers were agked to state the
changes made in the use of their flood plain lands as a result of past
flooding. They were also asked what change they would make if flooding
was reduced 50 percent. Analysis of these responses provided the basias
for estimating both the benefits from restoration of flood plain lands

to their former use and the expected change in land to a more intensive
use than had formerly been possible. Additional factors considered in
this analysis were the size and location of the areas affected, land
capability, acreage allotment restrictions, existence of available
markets, and reduction in frequency of flooding. All benefits from change
in flood plain land use were discounted over a 5-year buildup period to
allow for lag in inmstallation. Assoclated restoration and development
expenses and added demage expected due to more intensive use were deducted
as asgociated costs to obtain the net benefits., Increases in the acreage
of allotment crops were excluded from the analysis of benefits from
restoration and changed land use.
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Details of the procedures used in the investigations are described in the
Soil Conservation Service Interim Economics Guide for Watershed Protec-
tion and Flood Prevention Revised April 1, 1956. Methods described therein
for use with the historical series were applied to the economic analysis
for this work plan.
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TABLE 1 - ESTIMATED PROJECT INSTALLATION COST

Richland Creek Watershed, Texas
(Trinity River Watershed)
Price Base: 1957

Prior to July 1958

: Number : Estimated Cost

: Unit : Non- : Total

Item : Applied : Federal : Federal 1/:

(dollars) (dollars) (dollars)

LAND TREATMENT FOR:
Watershed Protection

80il Conservation Service
Contour Farming Acre 66,513 - 65,900 65,900
Cover Cropping Acre 73,014 - 636,763 636,763
Rotation Hay and Pasture Acre 27,760 - 322,952 322,952
Crop Residue Utilization Acre 106,816 - 213,632 213,632
Proper Use, Range & Pasture Acre 87,525 - 262,575 262,575
Range Seeding Acre - - - -
Pasture Planting Acre 47,989 - 704,286 704, 286
Brush Control Acre 6,623 - 174,895 174,895
Wildlife Area Improvement Acre 22,963 - 688,890 688,890
Fish Pond Improvement No. 940 - 14, 100 14,100
Terracing Mile 2,425 - 268,719 268,719
Diversion Construction Mile 97 - 25,273 25,273
Waterway Development Acre 2,044 - 190,241 190,242
Pond Construction No. 2,854 - 741,386 747,386
Stabilizing Measures No. 37 - 21,613 2.,61%
Fertilizing Acre 76,923 - 342,715 542,75
Technical Assistance (Accel.) 279,961 - 279,962

SCS Subtotal 279,961 4,873,940 2,153,90
TOTAL LAND TREATMENT 279,961 4,873,940 5,153,930
STRUCTURAL MEASURES

S0il Conservation Service
Floodwater Retarding

Structures No. 9 195,158 - 195,258
Channel Improvement Mile - - -

SCS _Subtotal 195,158 - 195, 5%
Subtotal - Construction 195,158 - 195,258
Installation Services

S0il Conservation Service
Engineering Services 46,306 - 46,300
Other 24,148 - 24,148

SCS Subtotal 70,454 - 70,454
Subtotal ~ Installation Services 70,454 - 70,454
Other Costs

Land, Easements, R/W and Legal Fees - 51,280 51,280
Subtotal - Other - 51,280 31,280
TOTAL STRUCTURAL MEASURES 265,612 51,280 316,892
WORK PLAN PREPARATION COST 98,076 - 98,076

TOTAL_ PROJECT
—

643,649 4,925,220 5,568,869

SUMMARY
Subtotal SCS

643,649 4,925,220 5,568,869

TOTAL PROJECT

643,649 4,925,220 5,568,869

1/ Excludes $1,596,233 reimbursed from ACPS Funds. October 1958
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TABLE 1 - ESTIMATED PROJECT INSTALLATION COST - Continued

Richland Creek Waterghed, Texas
(Trinity River Watershed)

Price Base: 1957
Project
: Number Estimated Cost
: ! to be : Non- o
Ttem : Unit . Applied: Federal : Federall/ :  Total
{(dollars) (dollars) (dollars)
LAND TREATMENT FOR:
Watershed Protection
Soll Comservation Service
Contour Farming Acre 121,989 - 121,989 121,989
Cover Cropping Acre 168,438 - 1,390,706 1,390,706
Rotation Hay and Pasture Acre 12,586 - 124,427 124,427
Crop Residue Utilization Acre 147,171 - 294,342 294,342
Proper Use, Range & Pasture Acre 101,376 - 304,128 304,128
Range Seeding Acre 6,317 - 54,726 54,726
Pagsture Planting Acre 67,835 - 879,449 879,449
Brugh Control Acre 19,482 - 467,986 467,986
Wildlife Area Improvement Acre 14,481 - 434,430 434,430
Fish Pond Improvement No. 1,265 - 17,975 17,975
Terracing Mile 4,545 - 488,89 488,891
Diversion Comstruction Mile 543 - 93,555 93,555
Waterway Development Acre 3,921 - 259,657 259,657
Pond Construction No. 2,408 - 535,978 535,973
Stabilizing Measures No. 93 - 61,244 61,244
Fertilizing Acre 180,392 - 1,112,404 1,172 404
Technical Assistance (Accel.) 283,282 - 283,252
SCS Subtotal 283,282 - 6,641,887 6,925,169
TOTAL LAND TREATMENT 283,282 6,641,887 6,925,149
STRUCTURAL MEASURES
Soil Conservation Service
Floodwater Retarding Structures No. 144 4,349,377 - 4,349 3,7
Chaonel Improvement Mile 65.5 2,060,740 - 2,060,749
SCS Subtotai 6,410,117 - 6,420,%.7
Subtotal - Construction 6,410,117 - 6.410,:"
Installation Services
Soil Conservation Service
Engineering Services 1,165,474 - 1,165,424
Other 757,562 - 757,541
SCS Subtotal 1,923,036 - 1,923,035
Subtotal - Installation Services 1,923,036 - 1,923,056
Other Costs
Land, Easements, R/W and Legal Fees - 1,029,340 1,029,340
Subtotal - Other - 1,029,340 1,029,340
TOTAL STRUCTURAL. MEASURES 8,333,153 1,029,340 9,362,493
WORE PLAN PREPARATION COST - - -
TOTAL PROJECT 8,616,435 7.671,227 16,287,662
SUMMARY
Subtotal SCS 8,616,435 7,761,227 16,287,662
TOTAL PROJECT 8,616,435 7,761,227 16,287,662

1/ Excludes $3,387,849 that will be reimbursed f

based on current program criteria.

tom ACPS or other Federal funds
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TABLE 1 - ESTIMATED PROJECT INSTALLATION COST - Continued

Richland Creek Watershed, Texas

(Trinity River Watershed)

Price Base: 1957 Total
! Number Estimated Cost
! to be Non- :
Item Unit : Applied: Federal : Federal 1/: Total
(dollars) (dollars) {(dollars)
LAND TREATMENT FOR:
Watershed Protection
Soil Conservation Service
Contour Farming Acre 188,502 187,889 187,889
Cover Cropping Acre 241,452 - 2,027,469 2,027,469
Rotation Hay and Pasture Acre 40,346 - 447,379 447,379
Crop Residue Utilization Acre 253,987 - 507,974 507,974
Proper Use, Range & Pasture Acre 188,901 - 566,703 566,703
Range Seeding Acre 6,317 - 54,726 54,726
Pasture Planting Acre 115,824 - 1,583,735 1,583,735
Brush Control Acre 26,105 - 642,881 642,881
Wildlife Area Improvement Acre 37,444 - 1,123,320 1,123,320
Fish Pond Improvement No. 2,205 - 32,075 32,075
Terracing Mile 6,970 - 757,610 757,610
Diversion Construction Mile 640 - 118,828 118,828
Waterway Development Acre 5,965 - 449,898 449,898
Pond Construction No. 5,262 - 1,277,364 1,277,364
Stabilizing Measures No. 130 - 82,857 82,857
Fertilizing Acre 257,315 - 1,655,119 1,655,139
Technical Assistance (Accel.) 563,243 - 563,243
5CS Subtotal 263,243 11,515,827 12,079,070
TOTAL LAND TREATMENT 563,243 11,515,827 +2,079.070
STRUCTURAL MEASURES
So0il Conservation Service
Floodwater Retarding Structures No. 153 4,544,535 - 4,544, 335
Channel Improvement Mile 65.5 2,060,740 - 2,060,740
SCS_Subtotal 6,605,275 - 6,605.275
Subtotal ~ Construction 6,605,275 - 6,605,275
Installation Services
Soil Conservation Service
Engineering Services 1,211,780 1,231,780
Other 781,710 - 761, 716
SCS_Subtotal 1,993,490 1,993,490
Subtotal Installation Services 1,993,490 - 1,993, 49(
Other Costs
Land, Easements, R/W and Lepal Fees - 1,080,620 1,080,620
Subtotal Other : - 1,080,620 1,080,620
TOTAL STRUCTURAL MEASURES 8,598,765 1,080,620 9.679,3853
WORK PLAN PREPARATION COST 98,076 - 96,076
TOTAL PROJECT 2,260,084 12,596,447 21,856,53:
SUMMARY
Subtotal 8CS 9,260,084 12,596,447 21,856,531
TOTAL PROJECT 2,260,084 12,596,447 21,856,531
1/ Excludes $4,984,082 that has been or will be reimbursed from ACPS or other

Federal funds, based on current program criteria,

October 1958
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TABLE 4 - ANNUAL COSTS 1/
Richland Creek Watershed, Texas
(Trinity River Watershed)

rtAmortization of I?stallat1on :0peration & Ha17

: Costs < :tenance Costs =

Measures : : Non~- 1 : Non~ : : Total

: Federal: Federal : Total : Federal: Total :
(dollars) (dollars) (dollars)(dollars)(dollars)(dollars)

Floodwater Retarding Struc-4/
tures Number 1,2,3,4,44,5,6,
6A,7,8,9A,9B,9C,10,11,12,
13,14,14A,15,16,164,17,18,19,
' 20,204,21,22,23,24,25,26,
26A,27,28,29,30,31,32, 33, 34,
. 35,36, 104 through 145 & 137A
+ Stream Channel Improvement:
Post Oak Creek

Pin 0Oak Creek
Richland Creek 188,067 31,643 219,710 18,538 18,538 238,248

Floodwater Retarding 4/
Structures Number 37 through
49 and 98 through 102 25,271 4,288 29,559 1,845 1,845 31,404

Floodwater Retarding &/
Structures Number 67 through
75 and 77 through 89 and
Number 90 through 97
Stream Channel Improvement:
Ash Creek
Bynum Creek 52,192 9,971 62,163 5,108 5,108 67,271

Floodwater Retarding &/
Structure Number 103 1,665 653 2,318 90 90 2,408

Stream Channel Improve- 4/
ment, White Rock Creek,
and Floodwater Retarding

Structures Number 50
through 66 35,981 3,748 39,729 3,093 3,093 42,822

TOTAL 303,176 50,303 353,479 28,674 28,674 382,153

1/ Does not include work plan preparation cost.

2/ Amortization period, 50 years; Federal interest rate, 2% percent; non-Federal
Interest rate, 4 percent; based on 1957 prices.

3/ Based on long- term price levels as projected by ARS, June 1957.

4/ Interdependent structures.

October 1958




TABLE 5 -~ MONETARY BENEFITS FROM STRUCTURAL MEASURES

Richland Creek Watershed, Texas
(Trinity River Watershed)
Price Base: Long-Term 1/

69

erage Annual Damage Z/

i_Estimated Av

: After Land ! Average
Without : Treatment With : Annual
Item Project For W/§ Project  : Monetary
: i Protection : . _Benefits
(dollars) (dollars) (dollars) (dollars)
Floodwater Damage
Crop and Pasture 716,860 671,714 130,957 540,757
Other Agricultural 32,112 27,351 2,615 24,736
Road and Bridge 16,974 14,311 1,178 13,133
Subtotal 765,946 713,376 134,750 278,626
Sediment Damage
Overbank Deposition 92,288 51,828 7,314 44,514
Reservoirs 28,829 23, 609 15,697 7,912
Subtotal 121,117 75,437 23,011 22,426
‘Erosion Damage '
Flood Plain Scour 25,340 22,869 3,673 19,196
Indirect Damages 91,240 81,168 16,143 65,025
Total, All Damages 1,003,643 892,850 177,577 715,273
Changed Land Use to _
Crop Production XXX XXX XXX 42,690
TOTAL FLOOD PREVENTION BENEFITS xxx XXX XXX 757,963

1/ Projection by ARS June 1956
2/ Assuming Navarro Mills and proposed Fort Worth reservoirs in place.

October 1958
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