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APPENDIX VI

IRRIGATION

SUMMARY

Irrigation investigations were made by the U. S. Department of
Agriculture and the Bureau of Reclamation in cooperation with mem-
bers of the Irrigation Work Group who were designated by the Red
River Basin Comprehensive Study Field Coordinating Committee. The
purpose of the investigations was to appraise the potential for
irrigation development in the Red River Basin Study Area and to
prepare estimates of irrigation water requirements for potential
developments.

Studies of irrigation project developnent for portions of the
Study Area date back to 1948. Favorable project feasibility reports
and work plans for specific project development were prepared by
the Soil Conservation Service and *he Bureau of Reclamation prior
to the inception of the present study. C£ome of these projects are
now under construction.

It was concluded that 765,600 acres in the Study Area have a
potential for irrigation development. Ti.is area is distributed
throughout the four states in the Study Area. Over 50 percent of
the acreage is in Louisiana. The Southern Mississippi Valley
Alluvium Land Resource Area has the greatest potential for develop-
ment. Of the total area it is estimated that 317,000 acres are
suitable for project-type development and 448,6G0 acres would be
developed individually by landowners and operators. Potential
project-type developments are located primarily in the Red River
Alluvial Area.

Project-type potential development acreage estimates were pre-
pared by time periods. About 57,500 acres are included in multiple-
purpose projects in which construction will be initiated within the
next 10-15 years. Of the remaining 259,500 acres estimated for
project-type development, 129,700 acres are expected to be developed
by the year 2030 and another 129,800 acres between 2030 and 2080.

Of the LUB,600 acres of expected development by individuals,
about 41,600 acres already are developed for irrigation. An addi-
tional area of 73,200 acres is expected to be developed by 1980.
Of the remaining area of 333,800 acres, about 166,400 acres are
expected to be developed by 2030 and another 167,400 acres between
2030 and 2080.

Unit water requirements were developed for each state. They
are based on cropping systems generally used in the Study Area.
Supplemental irrigation water requirements to provide for maximum
crop needs nine out of ten years range from 2.5 feet in Louisiana
to 3.0 feet in Oklahoma and Texas. Average annual water require-
ments range from 1.75 to 2.25 feet per acre.
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Irrigation systems would be designed to provide an adequate
water supply to meet the maximum requirements. Existing maximum
water requirements are 11L,400 acre-feet. Expected future maximum
water requirements are 447,500 acre-feet in 1980, 1,252,300 acre-
feet in 2030, and 2,059,700 acre-feet in 2080. About 486,800 acre-
feet of the 2030 irrigation water needs would be reguired for
project-type developments. About 765,500 acre-feet would be required
for individual farm irrigation developments by 2030.

Water for existing irrigation development is obtained from sur-
face and ground water sources. Future development of individual
farm irrigation systems will continue to use both sources. All
project-type irrigation developments will depend on surface water
supplies. The project-type development to 1980 will depend upon
storage reservoirs for a supply of irrigation water. Project-type
development beyond 1980 can use Red River water as well as storage
reservoirs. Improvement of Red River water quality would make the
river more suitable as a source of irrigation water.

L.
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INTRODUCTION

F AUTHORITY

} ; The comprehensive study of the Red River Basin below Denison Dam
k. was made under the overall direction of the Field Coordinating Com-
mittee comprised of a representative from each of the Federal
: departments and each of the cooperating states. The Field Coordi-
E n=2ting Committee adopted the work group approach to the accomplishment
k| of the objectives of the study. State and Federal agencies were
« represented on the work groups.

: j Chairmanship of the Irrigation Work Group was assigned to the

B | U. S. Department of Agriculture. The Bureau of Reclamation, the
Soil Conservation Service, and the Economic Research Service carried
out a major portion of the field and office studies pertaining to
irrigation. This appendix is a joint presentation of their investi-
gations, findings, and conclusions, coordinated through the work
group.

Investigations and reports of the Bureau of Reclamation were
made under general authority of the Federal Reclamation Laws (Act
of June 17, 1902, 32 Stat. 388 and Acts amendatory thereof or
supplementary thereto).

The U. S. Department of Agriculture participated in the Red
River Basin Comprehensive Study under authority provided by Section
6 of the Watershed Protection and Flood Prevention Act (Public Law
566, 83rd Congress, as amended). The Act is administered by the
Soil Conservation Service of the USDA. It authorizes the USDA to
cooperate with other Federal, State, and local groups or agencies
in surveys and investigations of river basins as a basis for devel-
opment of coordinated programs.

OBJECTIVES AND NATURE OF STUDY

The USDA study is necessary to develop agricultural data for
the use of cooperating agencies and to prepare a potential plan of
development for water and related land resources that could be ac-
complished under USDA programs. Agricultural data are needed by
1 State and other Federal agencies as a basis for planning water and
related land resource projects under their programs. A potential
plan of development under USDA programs is needed for preparation
& , and selection of an overall plan of potential development of water
| and related land resources in the basin.

A s

The principal objectives of USDA participation in the Study
included (1) preparation of a water and related land resources plan
of development that would be harmonious with other elements of the
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overall basin plan of development, (2) development of information
needed by State and other Federal planning agencies that could be
used to evaluate potential improvements under their programs, and
(3) opportunities for drawing upon information developed by State
and other Federal planning agencies in order to establish a poten-
tial plan of development under USDA programs that would be
coordinated with programs of other agencies. Objectives also
include preparation of information for subsequent use in planning
P.L. 566 watershed projects, resource conservation and development
projects, programs for development and management of National
Forests, and other USDA action programs for water and land resource
conservation, development, utilization and management.

The USDA studies included development of basic information on
projections of agricultural, forestry, and related economic develop-
ment, translation of the projections into needs for water and related
resource uses, appraisals of the availability of water supplies both
as to quantity and quality, appraisals of the availability of land
resources, and descriptions of the characteristics of problems and
the general approaches that appear appropriate for solutions of pro-
blems. Needs for flood control, water supply, drainage, irrigation,
recreation, fish and wildlife, water quality control, stream bank
stabilization, and soil conservation were considered. The basin was
subdivided into tributary basins. Problems, needs, and potential
for development were appraised for each watershed in the tributary
basin based on field examination studies. Watersheds also were ap-
praised to determine priorities for more detailed planning. More
intensive studies were made on selected watersheds in accordance
with USDA objectives for the Study.

Field examination scope studies for all watersheds were completed
first. Only the minimum information necessary to make an appraisal
of potential project feasibility was developed during this stage.
Full use was made of existing information and supplemental information
was developed as necessary for each watershed. Results of studies
were summarized for all watersheds in a tributary basin in a pre-
liminary report. The tributary basin preliminary reports were provided
to cooperating agencies as soon as each report was completed.

Preliminary investigation scope studies were made in selected
watersheds. These consisted of intensive studies of specific projects,
the installation of which will need to be initiated within the next
10 to 15 years. Investigation reports will be prepared for potential
projects in each watershed in the 10- to 15-year category.

An evaluation period extending from 1980 to 2080 was selected for
use by all cooperating agencies. Basin conditions that existed on
December 31, 1962, were selected to represent the planning base. All
studies were oriented toward the individual watershed. These are re-
ferred to as Conservation Needs Inventory (CNI) watersheds. All
investigations were restricted in detail to be consistent with Study
objectives.
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Objectives of Bureau of Reclamation and USDA irrigation investi-
gations included determination of the extent of the drought problem
and possible solutions. Included in the investigations were the
following items:

i Inventory of land suitable for irrigation on the basis of
soil and topographic conditions in the Study Area.

Inventory of area irrigated, area previously irrigated, and
area similar to irrigated land.

Inventory of currently irrigated land by crops.
Inventory of irrigation facilities.
Inventory of project type lands.
Inventory of water resources.
Appraisal of feasibility for irrigation development.
Potential irrigation development.

9. Irrigation water requirements for potential development.

The USDA was assigned primary responsibility for preparing three
of the appendices for the Red River Basin Comprehensive Study inter-
agency report. This appendix includes investigation results on only
the irrigation studies.

DESCRIPTION OF THE STUDY AREA

The Study Area includes approximately 29,610 square miles
(18,950,272 acres) in parts of Arkansas, Louisiana, Oklahoma, and
Texas (figure 1). It extends from Denison Dam to the mouth of Red
River and includes all of the drainage area between these points
except for the drainage area of the Ouachita River and Black River
and the drainage area of Concordia Parish, Louisiana. Also included
in the Study Area are lower Mississippi River drainage areas that
are naturally interrelated with Red River Basin drainage areas.

AGENCIES PARTICIPATING IN THE STUDY

The Bureau of Reclamation of the U. S. Department of Interior,
and the USDA participated in thz irrigation investigations. The
Soil Conservation Service, Economic Research Service, and Forest
Service participated in the USDA study. Participation of each USDA
agency was coordinated through the Washington Advisory Committee and
the Field Advisory Committee. The latter met on the call of the
Chairman to effect coordination of USDA studies and to assure that
studies were adequately coordinated with studies of other cooperating
agencies,

VIi-5
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Other cooperating agencies included the U. S. Army Engineers,
the U. S. Geological Survey, Bureau of Mines, Bureau of Outdoor
Recreation, and the Bureau of Sport Fisheries and Wildlife of the
E | U. S. Department of Interior, the Weather Bureau of the U. S. Depart-
3 ment of Commerce, the Public Health Service, the Federal Water i

Pollution Control Administration of the U. S. Department of Health,

Education, and Welfare, and the Federal Power Commission. State

agencies included the Arkansas Soil and Water Conservation Commission,
| Louisiana Department of Public Works, Oklahoma Water Resources Board,
and Texas Water Development Board.

IRRIGATION PROBLEMS |

t HISTORY OF INVESTIGATIONS

The problems and potentialities of the Red River Basin have been
the subject of investigation over a considerable period of time.

An inventory of land and water resources, needs, and problems of
the Red River Basin was initiated by the Bureau of Reclamation in
1948. While these studies were under way, an interagency investiga-
tion by the Arkansas-White-Red Basins Inter-Agency Committee
(AWRBIAC) was authorized by the Flood Control Act of 1950. The
Bureau studies which had been initiated earlier were continued in
cooperation with other Federal agencies, under the AWRBIAC. Results
, of the studie¢s were included in the report of the Committee published
B in 1955. The report indicated that there were some 20,000 acres of
land suitable for general irrigation in the Red River Basin below
Denison Dam, including the areas discussed in this report. It did
not evaluate the engineering or economic feasibility of irrigating
those lands, nor did it present a potential plan for irrigation devel-
opment.

The drought of 1956 resulted in some private irrigation develop-
ment on small tracts. Inquiries concerning irrigation potentialities
were received by the Bureau of Reclamation from residents of the Red
| River Valley and the Oklahoma Congressional delegation. In response,
| the Bureau of Reclamation prepared a "Reconnaissance Report on Liberty
. Bottoms Project - Oklahoma and Texas" in February 1958. Investiga-

: tions immediately downstream from Denison Dam found a total net

{ irrigable area of 12,122 acres in four areas designated Colbert,

4 Carpenter's Bluff, Liberty Bottoms, and Mulberry. Development of
irrigation was found to be economically justified and the estimated
payment capacity was found to be ample to pay the costs of construct-
ing, operating, and maintaining the project works. The report pointed
out that construction of the project works could be undertaken by

E | the project interests with private financing or with Federal assis-

= tance under the Small Reclamation Projects Act of 1556. Also, upon

Congressional authorization, it could be done by the Bureau of

Reclamation as a Federal project.
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Following review of the Liberty Bottoms reconnaissance report,
representatives of the Oklahoma Water Resources Board, the County
Agricultural Agent of Bryan County, and representatives of the
Bureau of Reclamation met with farmers and townspeople to explain
findings of the report and to discuss potentialities for irrigation
development. In July 1959, a group of Bryan County farmers and
others submitted a formal statement to the Bureau of Reclamation,
expressing interest in further study of the pctential project by
the Bureau. As a result of this expression, detailed investiga-
tions were initiated on about 5,000 acres in the Liberty Bottoms
area. Investigations were limited to the Liberty Bottoms area
because it forms the largest contiguous body available, and because
the lands are located in the portion of Bryan County in which owners
expressed interest in further studies. The Liberty Bottoms feasi-
bility repcrt, recommending construction as a Federal project, was
completed in November 1963. Since that time, about one-fifth of
the project lands have been provided irrigation facilities by
private means.

In response to a request from the Corps of Engineers, Tulsa
District, an investigation was made during calendar year 1962 to
locate and determine water requirements for areas physically suita-
ble for irrigation which are located within 30 miles either side
of a water conveyance canal proposed by the Corps in its survey
report on the Central Oklahoma Project. The canal would originate
at the authorized Hugo reservoir on the Kiamichi River and extend
some 165 miles northwest to the vicinity of Oklahoma City. Recon-
naissance grade investigations found about 21,000 acres of arable
lands in scattered tracts along the canal in the Red River Basin.
These lands are located in the Boggy Creek and Blue River Tributary
Basins.

15 A e A e A A

Favorable findings by the Liberty Bottoms Project report served
to increase interest in the development of irrigation along the Red
River downstream from the Liberty Bottoms area. Inquiries concerning ﬁ
potentialities were received by the Bureau of Reclamation from
residents of the basin and from members of the Oklahoma Congressional
delegation. In response, the Bureau undertook reconnaissance ap- L
praisals of downstream areas entitled the "Goodland Project." These 1
studies, completed in June 1963, found some 12,400 acres suitable for
irrigation in seven locations designated as Yuba, Telephone, Riverby,
Direct, Boggy Cutoff, Shoals Chapel, and Slate Shoals. Of this
total, some 7,400 acres were selected for analysis. The inclusion
of 10 percent vegetable production in the farm program was believed
Justified on the basis that lands are suitable to vegetable production
and a new food processing plant constructed near Paris, Texas by
the Campbell Soup Company constitutes a potential market for vege-
tables. As in the Liberty Bottoms study, it was stated that the
Goodland Project areas could be constructed by projects interests
with private financing; with Federal assistance under the Small
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Reclamation Projects Act of 1956; or upon Congressional authoriza-
tion, by the Bureau of Reclamation as a Federal project. Further

investigations have been deferred pending authoritative action by

project interests.

e

Investigations for the Liberty Bottoms and Goodland projects,
summarized above, covered roughly the upper half of the mainstem and
minor tributaries area between Denison Dam and Index, Arkansas.
Following establishment of the comprehensive basin study, in fiscal
year 1963, supplemental investigations were conducted in the remainder
of the Study Area. The purpose of the supplemental studies was to
locate and appraise areas most suitable for project-type development.
Areas were included which might be partially or completely supplied
with water from various sources, such as: ground water, storage
reservoirs, and regulated and unregulated flows of the Red River and
its tributaries. It is considered that such areas might be developed
k| in the future (1) by local interests or groups of local interests with
3 private financing, (2) with Federal assistance under P.L. 566, (3)

! with Federal assistance under the Small Reclamation Projects Act of
] 1956, or (4) by the Bureau of Reclamation as Federal Projects upon
Congressional authorization.

Ol i ey
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Bureau of Reclamation appraisals were made of the potential
long-range irrigation development in each of the states and coordinated
with the Oklahoma Water Resources Board, the Texas Water Development
Board, and the Soil Conservation Service.

Results of the Bureau studies in Oklahoma and Texas were summar-
ized in a report entitled '"Irrigation Investigations for Red River
Below Denison Dam (Part I) Oklahoma and Texas, July 1966," and the
investigations of the Arkansas and Louisiana portion of the basin were
covered in "Part II, Arkansas and Louisiana, January 1967."

NATURE AND EXTENT OF IRRIGATION PROBLEM

Assuming that an adequate supply of suitable water is available,
economic feasibility of irrigating specific crops becomes a prime
factor. Studies indicate that Venefits from supplemental irrigation
of selected agricultural enterprises will justify a reasonable cost
for providing a water supply. Irrigation is an expensive undertaking

and requires a high level of management in order to be profitable to
the operator.

e e . S A M T it .

Although the untimely distribution of precipitation greatly in-
creases the risks involved in agricultural production, thereby bringing
about the desirability for supplemental irrigation, many other factors
are involved.

Distribution of available water for irrigation use is a problem
which must be considered individually for each enterprise, due to

+a by
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variable circumstances. Types of farming, labor, and local markets
can all be involved in problems relating to irrigation. The human

element, due to its complexity, also enters into consideration of ’
irrigation the same as it does for any other enterprise.

The value of irrigation has been recognized by operators who are
presently irrigating about %42,000 acres of cropland. Technological
advances and future production efficiency needs will accelerate
irrigation development.

General Description of Inventory Studies

During the irrigation studies, data were assembled for inventory
of land suited to irrigation from a soils and topographic standpoint,
areas presently and previously irrigated, soils similar to those
irrigated, crops irrigated, and irrigation water resources. Other
items of study included availability of water, cost-return data for
various crops with irrigation, and potential irrigation in the Red
River Basin.

Although land suited to irrigation from a soils and topographic
standpoint, regardless of land use, was considered the maximum
acreage which could be irrigated, only a portion of this inventory
acreage was considered to have a real potential for irrigation.

Source of Data

The USDA used the National Conservation Needs Inventory (CNI)
of 1958 and Soil Conservation Service irrigation guides for each
state to determine the area which has a physical potential for irri=-
gation development from a soils and topographic viewpoint. CNI
laboratory print-out sheets were obtained. These contained tabula-
tions of slope, erosion, and land use conditions and acreages for
each combination of conditions. CNI data were further subdivided
into state, county or parish, land resource area, and river subbasins
in the print-out sheets. Acreage data were extracted from print-out
sheets for soil units that were included in the state irrigation
guides.

Another inventory of potentially irrigable land was compiled for
land similar to that which was irrigated. This was obtained by
questionnaires completed by Soil Conservation Service personnel in
each county or parish in the Red River Basin. The questionnaires also
included data concerning acreages currently and previously irrigated,
crops irrigated, and available resources for irrigation. The question-~
naires were mailed to Soil Conservation Service work units in Arkan- -
sas and Oklahoma by the USDA Red River Basin Office and applied to y
1963 conditions. Similar data for Texas were obtained from Texas
Water Commission Bulletin 6515 for 196k,
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Data for project-type irrigation developments were compiled from
field surveys by the Bureau of Reclamation, from P,L. 566 watershed
work plans, and from USDA preliminary investigation scope studies in
selected watersheds.

Census data for irrigated cropland harvested, by states for
1954 and 1959, compiled by the Economic Research Service, includes
acreages for entire counties or parishes that are wholly or partly
within the Red River Basin. These data had only limited value for
evaluating the potential irrigable area.

Criteria for Problem Area Determination

Several criteria were used to evaluate the potential for irriga-
tion development in the Study Area. The Soil Conservation Service
utilized irrigation guides for the states involved. These provided
basic data for the overall land resources. The Soil Conservation
Service also employed a questionnaire survey to determine the extent
of present irrigation and the potential for irrigation. This survey
produced results based on the knowledge and judgment of experienced
local agricultural workers. The Bureau of Reclamation used its recon-
naissance land classification procedures to survey the potential for
project-type irrigation.

Soil Conservation Service Irrigation Guides

A reasonable maximum physical potential for irrigation develop-
ment was established by considering the land resource base.
Possibilities for irrigation development by major land resource areas
(figure 2) and tributary basins were explored. The following soil
units were included in each land resource area:

Major Land
Resource Area Arkansas Louzisiena Texas
Southern Mississippi  3al,3a,k,bal, 3a,3al,3Zal, 3,3a,ka,kal,
Valley Alluvium 4a,8,8al,8a, Lbal, 4Zal,bYal, L,4X,8a,8,
(131) 9, & 15 8Yal,8a1,8,9,15 & 9
Southern Coastal 6,681,7,6; 5,5a,5al1,6,6a, 5,5al,6,6al,
Plain (133) and 8al, & 9 6al,7,7X,8a1,8, 7,72,8,8al,
Ouachita Mountains iz, & 13 91l 2 & 13
(119)
Texas Blackland 2 & L - 2,2X,4,4X,5,
Prairie (86) 6,8, & 9
Southern Mississippi - 6,6al,6a,7,8, -
Valley Silty 8al

Uplands (13L)
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Central Rolling Red Prairies
Fic: 4 3

| Cross Timbers

- Cross Timbers (Granitic Soils)

Grand Prairie

Texas Blackland Prairie (includes Texas Claypan Area)
_ Cherokee Prairies

Quachita Mountains (includes Ozark Highland)

Southern Mississippi Valley Alluvium

m Southern Coastal Plain

Southern Mississippi Vatley Silty Uplands

|

N
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Figure 2 \\}$
COMPREHENSIVE BASIN STUDY ST NG % & 3
RED RIVER BASIN BELOW DENISON DAM \\ \./ i
LOUISIANA, ARKANSAS, OKLAHOMA, AND TEXAS \ ‘
MAJOR LAND RESOURCE AREAS :
U. S. DEPARTMENT OF AGRICULTURE 7
SOIL CONSERVATION SERVICE
Rev. 1-68

USOA-SCS-FORT WORTH. TEX. 1968
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Acreages for soil units 1, 2, 3, 3H, 4, LH, 5, 6, 7, Ta, TX,
8, 8H, 9, 9H, 12, 12X, 15, and 15h were included for all land re-
source areas in Oklahoma.

The symbols identify soil characteristics such as soil depth,
texture, permeability, and inhibitory factors, such as degree of wet-
ness and flooding.
are described as follows:

Soil

Soil

Soil

Soil

Soil

Soil

Soil

Soil

Soil

Soil

Soil

Soil

Soil

Soil

Unit

Unit

Unit

Unit

Unit

Unit

Unit

Unit

Unit

Unit

Unit

Unit

Unit

Unit

1
2

3

X

12

12X

i

L3

Soil units are designated by numbers. Soil units

Deep, fine textured, very slowly permeable soils

Deep, fine textured, slowly permeable soils

Deep, fine textured, very slowly permeable

bottomland soils

Deep, fine textured, slowly permeable bottom-

land soils

Deep, medium textured,
soils

Deep, medium textured,

Deep, medium textured,
soils

Deep, medium textured,
meable soils

Deep, medium textured,
land soils

Deep, medium textured,
bottomland soils

Deep, coarse textured,
soils

Deep, coarse textured,
permeable soils

Deep, coarse textured,

Deep, coarse textured,
bottomland soils

very slowly permeable

slowly permeable soils

moderately permeable

moderately rapidly per-

slowly permeable bottom-

moderately permeable

moderately permeable

moderately rapidly

rapidly permeable soils

rapidly permeable

n_n

Degree of wetness is indicated by symbols "a'" or "al" following

the soil unit designation.

The former symbol includes moderately

wetland and the latter includes slightly wetland. Installation of

VI-15
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drainage measures on land areas ‘n this category would be a prerequisite
to successful irrigated agriculture.

All bottomland soil classified in the above units may be over-
flowed occasionally. Soil units that are seldom, if ever, overflowed
are designated by the capital letter "H" following the soil unit
number as, 9H. Soils with frequent damaging overflow were not con-
sidered to have a potential for irrigation development.

Special symbols are included for Louisiana. The capital letter
"Z" added to the soil unit number indicates sandy or gravelly sub-
strata, as 3Z. The capital letter "Y" added to the soil unit number
indicates dense clay, very slowly permeable substrata, as 8Y.

Acreages of the tabulated conditions in each state were restricted
to topography with slopes of three percent or less and included all
major land uses. Only slight and moderate soil erosion conditions
were included.

Soil Conservation Service Questionnaires

To obtain information regarding the status of irrigation and
irrigation facilities in the Red River Basin, questiconnaires were sub-
mitted by the USDA Red River Basin Office to each Soil Conservation
Service Work Unit in Arkansas, Louisiana, and Oklahoma, which serves
a county or parish located wholly or partly within the Study Area.

The approach of determining potentially irrigable lands on the basis
of land similar to that which has been irrigated from estimates by
agricultural workers familiar with the areas of each county or parish,
provided additional guides for estimating potential irrigation devel-
opment. Questionnaires were patterned after Texas Board of Water
Engineers Bulletin 6018, which has been superseded by Texas Water
Commission Bulletin 6515 and includes data for Texas.

Data inventoried for the Study Area by counties from the
questionnaires and Texas Water Commission Bulletin 6515 include:
(1) Total Area Irrigated in 1963*; (2) Total Area Previously Irri-
gated, but not in 1963%; and (3) Total Area Similar to Irrigated
Soils.

The estimated acreage previously irrigated is considered still
suitable and available for irrigation, often with irrigation systems
intact, but for one reason or another was not irrigated in the year
indicated. Some of this is in the rice area or where normal rota-
tional practice subjects only a portion of the rotationally farmed
area to actual irrigation in any given year.

*Texas Data for 1964

VI-16
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The area similar to irrigated soils includes estimates of non-
irrigated land with topographic and soil conditions similar to those
that have been irrigated. In general, this category is composed of
only the deep, fertile soils, wihich are level or with only slightly
sloping land surface that would not unduly limit efficient water use.
These soils have water intake rates and storage capacities in the
root zone of crops favorable for irrigation. Acreage included may
have water from surface or ground sources available for irrigation
use, but not necessarily so. Water availability was not a considera-
tion in setting up this classification.

Bureau of Reclamation Land Classification Standards

Reconnaissance land classification was used by the Bureau of
Reclamation to identify area suitable for project-type development.
The object of reconnaissance land classification is to determine the
location, extent, and class of project lands suitable for sustained
irrigation. To accomplish this objective, the usual basic criteria
for reconnaissance land classification were used, as set forth in
the Bureau of Reclamation Manual. Soils, topography, and drainage
are the basic factors considered, with combinations of these inter-
acting to result in the specific land classification. The
segregations used are classes one, two, and three, arable, and class
six, nonarable. These classes have been subdivided into subclasses
to reflect the various operating deficiencies.

The following terms and definitions are pertinent to Bureau of
Reclamation criteria.

Arable land is land which, in adequate sized units and if properly
provided with the essential improvements of leveling, drainage, and
irrigation facilities, would have a productive capacity under sus-
tained irrigation sufficient to (1) meet all production expenses
including irrigation operation and maintenance cost and a reasonable
return of the farm investment, (2) repay the installation costs of
irrigation facilities, and (3) provide a satisfactory level of living
for the farm family.

Irrigable land is the arable land under a specific plan for which
a water supply is or can be made available, and which is provided
with or planned to be provided with irrigation, drainage, flood pro-
tection, and other facilities as necessary for sustained irrigation.

Class 1 arable lands are highly suitable for irrigation farming
and are capable under good management of producing sustained high
yields of a wide variety of climatically adapted crops at reasonable
costs. Class 1 land is characterized by smooth, very gentle slopes.
The soils are friable, with good texture, and drainage is generally
favorable.

VI=LT
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Class 2 arable lands are suitable for irrigation farming but are
slightly inferior to Class 1 lands. If the limitation on this land
is a soil deficiency, it will be lower than Class 1 land in productivity
or be adapted to a narrower range of crops. If topography or drainage
is the limitation, development and operation requirements will be
more costly and difficult than for Class 1. Class 2 land may be
limited with respect to topography, texture, permeability, or
soil structure. Topographic limitations include uneven surfaces
requiring moderate costs for leveling, or short, slightly steep
slopes requiring special care to prevent erosion. Existing or anti-
cipated drainage problems should be correctable or controlled at
reasonable costs.

Class 3 arable land is suitable for irrigation development, but
is marginal and of distinctly restricted suitability for diversified
irrigation farming because of more extreme deficiencies in soil,
topography, or drainage than described in Class 2 land. This land
may have topography favorable for irrigation, but because of inferior
soils, crop adaptability and yield, crop income is limited. Class 3
land may require special irrigation or management practices or
special drainage precautions.

Class L arable land is suitable for irrigation under special con-
ditions or special crops. They may have one or more excessive,
noncorrectable deficiencies, thereby limiting their utility to
meadow, pasture, orchard, or other relatively permanent crops. They
are capable of supporting a farm family and meeting water charges
if operated in units of adequate size or in association with better
lands. No general standards are available for this land class.
Limitation of time and funds would not permit delineation of Class
L lands, except for sprinkler irrigation lands, which is treated in a
subsequent paragraph entitled "Special Irrigation Land Classification."

Class 5 nonarable land is nonarable under existing conditions,
but has potential for future irrigation providing certain corrective
measures, such as flood control and drainage, are made prerequisite
to development for irrigation. It is a temporary category which
reserves the lands for more detailed studies which are beyond the
scope of this investigation. Consequently, lands in this category
are included with the Class 6 lands for the purpose of this report.

Class 6 land is not considered suitable for development under
present economic and farming conditions. It has limited utility, and
net returns from crop yields under average management are not suffi-
cient to pay water charges in addition to other necessary expenses.
It may include small tracts of arable land that do not warrant
segregation, or arable land that lies too high, topographically, to
be served by proposed irrigation facilities. Generally, it com-
prises land that is steep, rough, and badly eroded; land with very
coarse or very fine textured soils; and land with shallow soils over

VI-18
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shale or sandstone. Any one of these factors may cause this land
to be nonarable, but frequently a combination of deficiencies
exists.

Standards for determining the suitability of land for gravity
irrigation are shown in table 1. Erosion problems can easily
develop in land in row crops in high rainfall areas. Experience
in areas similar to the Red River Valley indicates that row slopes
on cultivated crops should not exceed about 0.5 of a percent. The
land development costs in table 1 establish monetary limits for
land classification purposes. Additional amounts could be expended
by individual farmers for convenience in farming, ease of handling
water, and other farm operations.

Special Irrigation Land Classification criteria were used
for special conditions relating to specific soils, crops, or irriga-
tion methods. Lands unsuited for gravity irrigation, but which
could be irrigated by the sprinkler method, and riceland, were in-

. spected along with lands suitable for irrigation of general crops

5 by gravity method. Specifications used for sprinkler and riceland

' on the reach of the Red River between Frogville, Oklahoma and Index,
Arkansas, also apply to the lower reach from the Oklahoma-Arkansas
state line to the confluence of the Red and Mississippi Rivers.

The specifications used are as follows:

Sprinkler Irrigation Specifications. Lands considered for
sprinkler-type irrigation include the following:

Lo Land of irregular and pothole topography which cannot
be leveled for surface methods within reasonable cost or without
exposing too large a proportion of intractable subsoil.

i Land so steep that surface methods would result in
excessive erosion or cost of application of water.

.. 3 Isolated high areas which cannot be reached by
gravity ditches.

il Soil so thin or porous that excessive losses by deep
percolation occur when surface methods are used.

S e oo

: Riceland Specifications. Profitable rice production requires

| level, rich land with an impervious subsoil. Only fertile land or
land in which fertility can be built up economically is recommended
for rice production. Tight soils are adaptable to rice production,
but unless they are underlain by a heavy layer of soil within two

or three feet, and have less than .01 of an inch per hour permeabil-
ity rate, the soil will not hold the water and irrigation costs

will make rice production very costly. Good surface drainage is

i necessary for successful rice production. It permits uniform drying

& b

2 G SN,

E

VI-19

» -l
AP IR Ay T gt L
'

=




oo L Ta— e, s e enis e o B i o | AT RS S s e o i A " 19 = pud

of the soil, thus making possible more timely and satisfactory seed
bed preparation and harvesting. Good drainage also aids in control
of certain diseases and insects. A pH of 5.5 to 6.5 is most favor-
able for rice production. Continuous use of irrigation water con-
taining more than 600 p.p.m. of sodium, 50 p.p.m. of calcium, or

10 p.p.m. of magnesium salts may result in increasing the pH to

a level that is less favorable for rice production.

{ Area Inventory

The inventory of land suited for irrigation based on the SCS
irrigation guides gave a total of 6,187,690 acres in this category
in the Study Area. This acreage was composed of 946,040 acres in |
Arkansas, 2,477,000 acres in Louisiana, 834,350 acres in Oklahoma, ‘
| and 1,930,300 acres in Texas. Exhibit 1 includes breakdowns of |
these acreages by tributary basins. These soils were considered
physically suited for irrigation, without consideration of water
availability, economic feasibility, present land use, production
needs, local interest, and the human elements involved.

Bt S L PSR e 0

A summary of irrigated and similar land by counties or parishes
r as compiled from the questionnaires, is shown in the exhibit 2. Total
acreages by states are summarized in table 2.

MRS S SR 1 268 S

VI-20

;
|
|




Lend Characteristics

Table 1 - LAND

Texture

Depth (minimum)

To sands or gravel.

To shale, raw soil

fram shale or similar

material.

To penetrable lime zone.

Alkalinity

Salinity

Sandy loam to very permeable
clay.

36" plus - good free working
soll of fine sandy loam or
finer; 42" of sandy loam.

60" plus; or 54" with minimum
of 6" of gravel overlying
impervious material or sandy
loam throughout.

18" with 60" penetrable.

pH less than 9.0 unless soil
is calcareous, total salts
are low. Exchangeable sodium
negligible.

Total salts not to exceed
0.2% or conductivity of
saturation extract L4mmhos

or less. May be higher under
excellent drainage conditions.

Loamy sand to pe

24" plus - fine
finer; 30" - 36"
to loamy sand.

L8" plus, or k2"
of 6" of gravel
impervious mate
sand throughout.

14" with 48" pen

pH less than 9.0
is calcareous, t
low. Exchangeab
negligible.

Total salts not
0.5% or conducti
saturation extra
or less. May be
good drainage c

Slopes

Surface and Cover
(vegetation)

General gradient not to
exceed 1%.

Even enough to require only
small amount of leveling and
no heavy grading. Total
leveling and clearing costs
not exceed $50 per A.*

General gradient

Moderate grading
amounts found fe
developing trac
and clearing cos
$100. per A.*

Soil and topography

Soil and topography such that
little or no specific fam
drainage required. Fam
drainage costs when combined
with leveling and clearing

costs not to exceed $50. per A.%

¥Based on index of 250 (1910-1L = 100)

Soil and topogra
some farm draina
required, but co
with leveling an
not exceed $100.
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» LAND CLASSIFICATION SPECIFICATIONS FOR GRAVITY IRRIGATION
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E

Red River Basins
Red River below Denison Dem

Class 2 Class Class 6
l SOILS

sand to permeable clay. Loam sand to slowly permeable clay. Includes lands which do not meet
the minimum requirements for the
1us ST = other land classes and are not
> o" - 2gn Y loam or 1 X plus-fine sandy loam or finer; suitable for irrigation. They
5 3 36" of sandy loam 24" - 30" of sandy loam to loamy include: lands with very shallow
any sand . sand. or stony soils, impermeable sub-

k B i i i s soils, excessive concentrations of |
Of,gravel SenTyt um 2" plus; or 36" with minimum of salt, pH above 9.0 and more than |
B s materinl o ;8 gravel overlying impervious 15% exchangeable sodium, low avail- |
' throughout =L material or loamy sand throughout. able moisture capacity; rough |
A 3 hummocky and severely channel- |
" dissected bottomlands, large dunes
th 48" penetrable. 10" with 36" penetrable. overflow and runoff cl,'xanneﬁ not ;
susceptible of fill or other
sza:ehgﬁs%gozralie:sl:oil PH 9.0 or less unless soil is cal- correction and use; heavily timbered
B éable sodi s are careous, total salts are low. bottom-lands; permanent waste and
rible € um Exchangeable sodium less than 15%. sump areas; short steep slopes
> 1 between terraces and steep slopes
: bordering valley lands; small,
,oiazzzdggtixLexc;ed Total salts not to exeed 0.6% of isolated arable tracts not
Bt on extra t"g nonnhos or conductivity of saturation susceptible to delivery of irrigation
. ey be highe p extract 12 mmhos or less. May water so far as the proposed plan is
drai PO LSS NS be higher under good drainage concerned; and other obviously non-
SAGST ok Eions . conditions. arable areas, such as small bodies of

arable land lying within large bodies
of non-arable land when these would
obviously not make usable fields.

TOPOGRAPHY
gradient not to exceed General gradient not to exceed 3%.

te grading required but in Heavy

grading required but wit
s found feasible in feasible limits in developed tlzl-aizts.
Dping tracts. Total leveling Total leveling and clearing costs

aring costs not to exceed not to exceed
per A.% yeck. ik

~ — DRAINAGE
] opography such that Soil and topography such tha
: % 1-
Arm drainage will be ficant farm drainage will be ;;ﬁred
:él::t co;ts vwhen combined but costs, when combined with 1eveliné
Le € and clearing, shall and clearing shall not

ed $100. per acre.* acre . * v e
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TABLE 2 - IRRIGATED AND SIMILAR LAND
Red River Basin Study Area

3 ? : : ; :Total
! :Area :Area Previously:Area Similar:Irrigated
B :Irrigated:Irrigated but :to Irrigated:Similar
E | State :in 1963 :not in 1963 :Soils :So0ils
; (acres) (acres) (acres) (acres)
? Arkansas 6,709 3,692 430,500 440,901
. |
E | Louisiana 23,42l 4,682 912,586 9L0,692
4
, Oklahoma 4,713 6,010 157,500 168,223
{ Texas 1/ 6,8l 19,396 570,280 596,520

E Total 41,690 33,780 2,070,866 2,146,336

1/Data for 196L, Texas Water Commission Bulletin 6515

Although the approximately 2,146,000 acres are considered poten-
tially irrigable, irrigation is not anticipated on the entire acreage.

Application of the land classification specifications prepared
by the Bureau of Reclamation resulted in the selection of 37 areas
for consideration as potential project-type developments. Land
classification results for each of the 37 areas are shown in exhibit
3. There are 84,989 acres of class 1 land, 96,090 acres of class 2
land, and 37,537 acres of class 3 land for a total of 218,616 acres
of gravity type arable land suitable for project-type development.
In addition, there are 14,084 acres of sprinkler irrigation land
and 63,858 acres of riceland. There are 296,558 acres of project-
type land in the Red River Basin below Denison Dam which could be
developed for some form of irrigation. In addition, there are
20,920 acres of upland in Oklahoma in the Blue and Muddy Boggy
1 basins which were designated as arable for the Corps of Engineers'

y Central Oklahoma Project. This makes a grand total of 317,478 acres
b { of project-type lands suitable for irrigation.

The areas classified are shown on a series of maps covering the
reach from Denison Dam to the Mississippi River. General Maps of the
Oklahoma-Texas portion are numbered 62-51L-26 and 62-514-17. The
General Map of the Arkansas-Louisiana portion of the basin is
number 62-514-157. These three maps serve as index maps to the 15
land classification maps which show the areas classified. These
maps are included in this appendix following the exhibits.
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PRESENT IRRIGATION DEVELOPMENT

Data in table 2 indicate the general extent of irrigation
within the Study Area during a recent period. Agricultural Census
data provide additional information. The total acreage of irri-
gated cropland harvestedi/ in all counties or parishes lying partly
or wholly in the Red River Basin, by states, for 1954 and 1959, is
presented in table 3.

TABLE 3 - TRRIGATED CROPLAND HARVESTED: ACREAGE, BY STATES

Red River Basin Study Area

5 Irrigated Cropland Harvested
States : 1954 : 1959

(acres) (acres)
Arkansas 4,668 5,059
Louisiana 90,922 63,795
Oklahoma 1,795 2,061
Texas 3,7k0 4,170
Totals 101,125 75,085

Source: U. S. Department of Commerce, Bureau of Census, Census
of Agriculture (whole counties and parishes).

Census data shows that acreage of irrigation is increasing in
Arkansas, Oklahoma, and Texas counties of the Study Area. Three
projects which include irrigation as a purpose have been authorized
in Louisiana under P.L. 566, as amended. The full impact of these :
has not yet been felt, but there is an increasing interest in sup- -
plemental irrigation in the state. !

Irrigated Crops by States

An estimated 41,690 acres were irrigated in the Study Area
for the years inventoried. An additional 33,780 acres had been
previously irrigated. The predominant single crop irrigated was
rice, which comprised over 60 percent of the irrigated area in
Louisiana. Other major crops irrigated in the Red River Basin

l/Irrigated cropland harvested as defined in the Census of
Agriculture is "the data for irrigated cropland harvested relate to
all irrigated land from which crops were harvested, regardless of
the method of irrigation. It includes irrigated land from which hay
was cut, irrigated land on both bearing and nonbearing fruit and nut
crops, and irrigated land from which volunteer crops were harvested.
Each irrigated acre was to be reported only once regardless of how
many crops were harvested from it.'"
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included cotton, corn alfalfa, and pasture. Table 4 shows acres
irrigated by crops for the Study Area portion of Arkansas, Louisiana,
Oklahoma, in 1963, and Texas, in 196k4.

TABLE L4 - IRRIGATED ACREAGE BY CROPS*

Red River Basin Study Area

Crop : Arkansas : Louisiana : Oklashoma : Texas

Alfalfa 366 25 1,650 155
Cane - 1,100 - -
Corn 608 820 303 436
Cotton 2,600 5,352 1,315 1,650
3 Orchard - - - 150
¢ Pasture 825 1,035 518 1,773
a8 Peanuts = - 551 1,039
% | Potatoes, Sweet - 35 - 160
E i Small Grain 28 60 - -
1 Sorghum, Forage 190 Lo 100 218
Sorghum, Grain = 420 = 40
Soybeans 229 - - -
Vegetables 106 I Lo 92
Other = = 80 230
3 Subtotal
(excluding rice) 4,952 8,891 4,563 5,943
Rice 1,757 14,533 150 901
Total 6,709 23,bL2k 4,713 6,84k ;
¥Source: Soil Conservation Service questionnaires and Texas

Water Commission Bulletin 6515.

A summary of crops in the basin for which the entire acreage
was irrigated during 1954 and 1959 is shown in exhibit 4. Corn, |
rice, hay crops, cotton, and vegetables were generally given priority |
in the use of irrigation during both census periods. In 1959, sup- 1
plemental irrigation practices were extended to the peanut and soybean ‘
acreages increasing both acreages over previous 1954 data.

et S M sl Ml i s &

The total acreage of irrigated and nonirrigated crops for
selected crops in the basin, and the percentage each crop was of the
total selected crops irrigated are shown in exhibit 5. In 1954,
about LO percent of the selected irrigated acreage was planted to

s Ly
P et el s
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cotton and about 27 percent to corn harvested for grain. In 1959,
about 64 percent of the total selected acreage of crops irrigated
was in cotton. Generally, the cotton crop was given priority in the
use of the irrigation system throughout the Study Area.

Irrigation Water Sources

The sources of water used for irrigation of the above acreages
are summarized in table 5 by states. The data are for water used in
1963 for Arkansas, Louisiana, and Oklahoma, and 1964 for Texas.

TABLE 5 - SOURCES OF WATER USED FOR IRRIGATION

Red River Basin Study Area

: Arkansas : Louisiana : Oklahoma : Texas : Total

Total Area Irri-
gated from Surface
{ Water Only (ac) 1,307 13,339 L, koo 4,189 23,245

Total Area Irri-
gated from Ground

T e

Water Only (ac) L 842 9,765 gils T4L 15,664
Total Area Irri-

gated from

Combined Supplies

(ac) 550 320 0 1,911 2,781

Total Area Irrigated
from Surface and
Ground Water (ac) 6,709 23,424 HTS 6,84k 41,690

Surface water is the primary source of irrigation in Oklahoma
. and Texas. In Arkansas, ground water is used primarily. While sur-
! face water is the primary source of use in Louisiana, the acreage
b, irrigated from ground water in that state amounts to more than that
in the other three states combined. Combined sources are used to
1 a large extent in Texas.

4 Irrigation Facilities

The questionnaires submitted to SCS Work Units in Arkansas,
% ‘ Louisiana, and Oklahoma, and Texas Water Commission Bulletin 6515
4 reflected data relating to source of water and available irrigation

e et <
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facilities which were summarized by states. This includes data
relative to areas irrigated in 1963 for Arkansas, Louisiana, and
Oklahoma, and 1964 in Texas. Information furnished by the
questionnaires included the area irrigated by sprinkler method,
number of sprinkler systems in the area, and number of irrigation
wells in the area. These are summarized in table 6.

TABLE 6 - INVENTORY OF IRRIGATION FACILITIES BY STATES

Red River Basin Study Area

: Arkansas : Louisiana : Oklahoma : Texas : Total

Area Irrigated by
Sprinkler Method
(ac) 3215 2,2k7 2,585 3,953 9,900

Sprinkler Systems
in Area - number 52 51 68 85 256

Irrigation Wells
in Area - number 90 61 T 53 211

Although the sprinkler method of irrigation has been used to
the greatest extent in Texas, this method is of considerable impor-
tance in all four states. Irrigation wells are most numerous in
Arkansas. Irrigation wells play a minor role in Oklahoma for supply-
ing irrigation water.

WATER LAWS BY STATES

State laws relating to the use of water are described in
appendix XIV. Existing laws are not a problem in developing the
irrigation potential.

WATER QUALITY

During the time of the year when irrigation is needed, Red
River water is not suitable for use on many of the soils in the Red
River alluvium. Water of present guality can be used only on deep,
medium to coarse textured, moderately rapidly permeable soils.

Even on these soils, special management for salinity control is re-
quired.

The water of tributary streams of Red River below Denison Dam

is generally better suited for irrigation purposes than main stem
water. However, records show that the quality of surface wa*ters in
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the basin can be extremely variable. It appears that the gquality of
main stem water for irrigation could be improved by dilution with
releases from proposed Corps of Engineers' tributary reservoirs.

Generally, the quality of ground water is good throughout the
Study Area. Some aquifers in hill areas adjacent to the Red River
alluvium in southeastern Oklahoma, and in Arkansas and Louisiana
contain water that is unsuitable for sustained irrigation use;
however, this is not a significant problem because the presently
irrigated land is located principally in the alluvial land.

UNIT WATER REQUIREMENTS

Irrigation water requirements are variable, depending on several
factors. Among those factors are land use, consumptive use of crops,
soils, root zone depth, effective precipitation, applicetion effi-
ciency, and delivery system losses.

An example of maximum supply unit irrigation water regquirements
for typical Southern Mississippi Valley Alluvium LRA soils and crops
is given in table 7.

TABLE 7 - IRRIGATION WATER REQUIREMENTS ~ 90 PERCENT CHANCE

Vicinity of Alexandria, Louisiana

Crop :Cotton:Cotton: Corn : Corn :Truck:Truck:Pasture:Pasture

Soil Unit s 8 el 8 =l R R L 8 : 4

Net Irri- : 2 3 : : : s 3

gation Uimeh )il s 3.0 = 2.8 3285 846 = 1.3 % 4,0 ¢ 2.8 = 3.3

P S e 2T N U

April - - Wl «32 2.00 2.34 22 - :
May .80 1435 Lv52 Lo 2.78 3.00 Leoe 1.20

June 3.92 W90 ka0 b6 5.32 560 W30 4,13

July 4.60 L.60 L.60 L.60 L, 86 5.00 4,60 4,60

August 5.0 5,08 5,080 5,06 5.04 5.06 5.08 5.04

September - - ~ - el S 3780 13L53 . 3.50

October - ~ - - 2+ 30 2.3k 2425 2vey

November - ~ - - .20 23 - - 3
Total 1k,36 15,19 15.61 11.57 26.22 27.33 21.46 20.T2

1/Net amount of water to be applied per irrigation.
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Requirements shown in the table are the maximum supplemental
water needs by the crops nine out of ten years. 'Drought and Water
Surplus in Agricultural Soils of the Lower Mississippi Valley Area,"
Agricultural Research Service Technical Bulletin No. 1209, was used
in determining these requirements. Requirements obtained using
this bulletin were checked against the modified Blaney-Criddle
method, which was used in SCS Technical Release No. 21. Results
were comparable. The example area used is in the vicinity of
Alexandria, Louisiana.

Application and delivery system losses must be added to the
requirements shown in vable 7. Normally TO-T75 percent application
efficiency can be expected. Delivery system efficiencies normally
will vary between 75 and 85 percent, depending upon type of delivery
system and distance between water supply and point of use.

Unit water requirements, as stated before, can vary widely.
For estimating purposes, the values shown in table 8 are considered

reasonable.

TABLE 8 - UNIT WATER REQUIREMENTS

Surface Water
diversion requirements
(feet per acre)
Maximum supplemental

C Average : requirement in
State s Annual g 9 out of 10 years
Arkansas 2.00 2.5
Louisiana L465 2.50
Oklahoma 2.25 3.00
Texas 229 3.00

These requirements are based on cropping systems generally used in the
Study Area. The average annual diversion requirements are liberal to
allow for future crop distribution changes, low water use efficien-
cies, and for the indeterminate losses due to the use of bayou

systems for the delivery of irrigation water.
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| A POTENTIAL IRRIGATION DEVELOPMENT

E WATER AVATLABILITY

| 2 Average annual runoff in the Study Area ranges from T inches
in Grayson County, Texas, to 20 inches in Polk County, Arkansas. At
the Shreveport Red River gage, for a 36-year period ending in 1964,
the average annual runoff was approximately 18 million acre-feet per
E | year or 16 billion gallons per day. For the same period at the
' Alexandria Red River gage, the average annual runoff was approximately
‘ 23 million acre-feet per year or 20 billion gallons per day. Table
|- 38 9 shows maximum and minimum monthly flows for the crop growing
season at selected gaging stations. The historical period begins in
April 1945, which is the first month after Denison Reservoir was
placed in full operation.

TABLE 9 - MONTHLY RED RIVER FLOWS

: GAGE

:Colbert, :Arthur City, Index, :Shreveport , :Alexandria,

:Oklahoma :Texas :Arkansas :Louisiana :Louisiana

:1945-1961 :1945~1962 :1945-1962 :1945-1960 :1945-1960
Month :Max. :Min.:Max. :Min. :Max. :Min. :Max. :Min. :Max. :Man.

—————————— 1000 acre-feet = = = = = = = = = - - -

: March 292 Lk 561 1660 1,LkE 207 3,7hol kgl 5,343 696

April 1,200 650 2 090 8ol 3,295 oSl 16T 330 11,800 oLk
| May 2,13 U4 3,885 183 5,381 348 9,520 867 9,995 1,2i3
| June 3,98k 86 4,988 123 5,617 189 8,296 312 9,021 384
I July 1,220 97 6260 o8l N 8es5E a6t e wlig S i3 L 3.503 187
1 August 1,572 85 2,0ks 87 2,012 101 3,350 109 . 3.257 1kk
| September 614 85 1,131 87 1,806 88 3,677 89 3,620 110
| October 1,683 ¢+ 4 2,196 16 2,568 UL 3.469° 68 3,638 98
| November SSOEGE Es el S ale i e (S ol e o IS e 97

A Water requirements were calculated for each state for the months
of July and August. July is the month of peak requirement for each
state except Louisiana, but when considered with the other three

i states, the total water requirement for July is larger. Water require-
ments were compared with the 90 percent chance minimum Red River Flows
and July was found to be the critical month. Therefore, July was used
for calculation of all peak water requirements.

e

.

Table 10 shows daily and monthly Red River flows which will be
equaleu or exceeded on the average, nine out of ten years during the
month of July. Values for each station, except Fulton, are based on
the same period of record as shown in table 9. The Fulton, Arkansas,

T —————

VI-30

B o P PR




values are based on the period 1949-1960. Table 10 figures repre-
sent flows that are available for all purposes.

TABLE 10 - JULY RED RIVER FLOWS

(90 Percent Chance of Occurrence)

Minimum 2
2 Daily 5 Monthly
Gage : Discharge 3 Flow
(cEksn) (1,000 Acre-Feet)

Colbert, Ok ahoma 100 141
Arthur City, Texas 1,050 178
Index, Arkansas 1,700 205
Fulton, Arkansas 1,900 255
Shreveport, Louisiana 2,800 320
Alexandria, Louisiana 4,700 350

Several large multiple-purpose reservoirs are either authorized
or under construction. Releases from these reservoirs are expected
to increasse average discharges during periods of low flow; parti-
cularly, the months of September and October. Less significant
discharge increases are expected for July, the peak irrigation water
use month.

Table 11 shows estimates of minimum monthly flows at selected
stations along Red River.

TABLE 11 - MINIMUM MONTHLY FLOWS - RED RIVER

Unregulated § Regulated
Station LB R AT DI e s : AF/DAY

Denison, Texas 67 133 2) &7 133
Fulton, Arkansas 790 1,566 3) 2,860 5,670
3 3

Shreveport, La. 1,110 2,200 ) 3,000 5,950

(1)Regulation by Denison Dam only.
(2)Flows modified by all existing and authorized reservoirs.
(3)Flows estimated by routing critical drought period.

Studies of upstream watershed areas show that many tributary
streams have a potential for development of high quality irrigation
water storage in reservoirs. Several reservoir sites are being
developed in Louisiana under P.L. 566 for irrigation water storage
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and other purposes. Reservoir sites have been located for all of the
potential irrigation development in watersheds in which construction
is expected to be initiated within the next 10-15 years. Opportuni-~
ties for developing other reservoir sites for irrigation water
storage are available throughout the Study Area. Specific sites

have not been identified for irrigation water storage for project-
type irrigation development that is included beyond the 10-15 year
project category.

The greatest potential for ground water development in the Study
Area is in the alluvial deposits that underlie the floodplain of Red
River. Wells in the alluvium yield up to 500 g.p.m. (gallons per
minute) in Texas and Oklahoma, 1,000 g.p.m. in Arkansas, and 1,700
g.p.m. in Louisiana. Well depths range from less than 500 feet near
Deniscon Dam to about 150 feet in the lower reach of the Study Area.

The tributary basins also have potentials for ground water de-
velopment; however, in these areas well depths are generally greater,
and yields are more variable.

Large supplies of ground water are available in parts of the
Sulphur River and Cypress Creek Tributary Basins. The greatest poten-
tial for ground water development is in the southeastern part of this
area, which is underlain by thick water-bearing sand formations.

These strata may yield as much as 50 g.p.m. to wells that range from
100 to 300 feet in depth. Supplies of ground water also are available
at depths below 1,200 feet in the northwestern part of this area;
however, because of the greater depth to the water, the potential for
development is low. Large supplies of water are available from allu-
vial deposits in the lower reaches of these tributary basins. The
depth of wells in the alluvium is less than 150 feet, and the yield
may be as much as 1,700 g.p.m.

Large supplies of ground water are available for development in
only a few parts of the Blue, Muddy Boggy, Kiamichi, and Little River
Tributary Basins. The greatest potential lies in the lower reaches
which are underlain by thick, sedimentary deposits of the Southern
Coastal Plain. These strata may yield from 50 to 500 g.p.m. from
depths less than 150 feet; wells deeper than 150 feet yield from 50
to more than 150 g.p.m. Limestone formations on Upper Blue River
yield water to springs and wells from fractures and solution channels.
Wells yield as much as 50 g.p.m. locally from shallow depths, but
the strata may be barren of water at other locations because of the
lack of openings in the rock. The sandstone and shales that under-
lie most of the upper drainage areas are capable of producing only 10
to 15 g.p.m. intermittently to wells less than 25 feet deep.

Moderate to large quantities of ground water are available nearly
everywhere in the tributary basins on the east side of Red River in
Arkansas and Louisiana. Wells in these areas range from 100 to 300
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feet deep in most places, but are as much as 1,500 feet deep near
Hope, Arkansas. The maximum yield generally ranges from 300 to 500
g.p.m.; however, wells may yield as much as 1,500 g.p.m. in
Columbia and Lafayette Counties, Arkansas, and Webster, Claiborne,
Bienville, Natchitoches, Winn, and eastern Bossier Parishes,
Louisiana.

Moderate to large supplies of ground water are available in the
tributary basins on the west side of Red River in Louisiana, except
for a small, nonproductive area in Sabine and Natchitoches Parishes.
Wells in the upland area of Caddo, DeSoto, Natchitoches, Sabine,
and northwestern Rapides Parishes range from 300 to L0OO feet in
depth and yield as much as 500 g.p.m. In Central Rapides Parish,
wells range from 600 to 1,500 feet in depth and yield up to 1,200

g.p.m.

The location and availability of the ground water resources
are discussed in detail in appendix III, "Hydrology, Surface and
Ground Water, and Geology, for the Red River Comprehensive Study."

ECONOMIC FACTORS

To evaluate the economic feasibility of irrigation, it is neces-
sary to have both costs and returns from irrigation. Crop production
information for Arkansas was not available from the 1959 Census of
Agriculture. Other secondary sources were utilized for determining
the crop yields relating to the Arkansas portion of the Red River
Basin.

Because cotton, soybeans, corn for grain, alfalfa, and tame
pasture (or other hay) utilized most of the irrigation system,
only these crops are included in this analysis. Production inputs
and outputs on irrigated vegetables were not developed.

In addition to irrigation, other management and cultural
practices are likely to affect crop yields. However, since both
irrigated and nonirrigated crops, of these selected crops, are
produced in the Red River Basin bottomlands under the same general
system of management, yield differences reported by Census and Crop
Reporting Service for irrigated and nonirrigated crops were used to
evaluate irrigation.

Production practices of irrigated and nonirrigated crops influ-
ence the amount of inputs required to gain any increase in yields.
From a study of secondary sources, it was indicated that additional
choppings are required on irrigated cotton. Hoe labor is used to
control weeds during the latter part of the growing season when
cotton gets too large to cultivate. Apparently, irrigation encour-
ages the growth of weeds which interferes with machine harvest.
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Except for the practices associated with irrigation, there was
little difference in production practices employed in producing
soybeans, corn, alfalfa and other hay crops, or tame pasture.
Variations in production practices are generally associated with
the rate of application for fertilizer and insecticides, or chemi-
cals for the control of weeds.

Studies indicate that benefits from supplemental irrigation of
selected agricultural enterprises will justify a reasonable cost
for providing a water supply. Supplemental irrigation is most
prevalent in the Southern Mississippi Valley Alluvium LRA (figure
2). Suitable soils occurring in larger tracts, their high productiv-
ity, and availability to water, make them more feasible for irriga-
tion. Supplemental irrigation has been used to a lesser degree in
Southern Mississippi Valley Silty Uplands LRA and other land resource
areas.

Feasibility of irrigation is usually limited to higher value
crops. According to experiment station data, response of common
Bermuda grass and other pastures to irrigation would not justify
widespread use of irrigation for pastures alone. Although increased
net returns from pastures are low, supplemental irrigation of
pasture can be practiced as a sccondary use of irrigation equipment
after peak demands for other crops have passed.

Although a substantial acreage of rice has been grown with irri-
gation in the Red River Basin, primarily in Louisiana (table L), the
question of economic feasibility has been concerned with supplemental
irrigation of crops other than rice. The acreage of rice planted is
regulated by crop allotments controls and is not expected to change |
materially except by changes in legislation.

Economic feasibility of irrigation for selected crops was deter-
mined by the Economic Research Service. The estimated average yields
per acre under good management, for irrigated and nonirrigated crops
in the Red River Basin for the Southern Mississippi Valley Alluvium
LRA are shown in table 12.

VI-3L
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TABLE 12 - CROP YIELDS: SELECTED CROPS, IRRIGATED AND NONIRRIGATED,
BOTTOMLAND SOILS, GOOD MANAGEMENT

Red River Basin Study Area

2 g Increase
Crop and : 3 : Sdue te
Unit of Production : JIrrigated : Nonirrigated : Irrigation
Cotton, 1lbs. 690 585 155
Corn, bu. L6 31 15
Soybeans, bu. Sat 23 8
Alfalfa, ton L 2.5 1.9
Other hay, or tame
pastures, AUM 1l 7 L

Although the response of crops to irrigation is expected to vary
with adequately distributed rainfall throughout the growing season,
the difference in yield between irrigated and nonirrigated crops
experienced by farmers is used for purposes in evaluating irrigation
of these selected crops. Also, irrigation may prove to be very
profitable for some specialty crops, such as fruits and vegetables.

Adjusted normalized costs and returns from irrigation for the
individual selected crops are presented in exhibits 6 through 10.
A tabulation of adjusted normalized prices for specific commodities,
for Arkansas, Louisiana, Oklahoma, Texas, and the four-state
averages, is shown in exhibit 11. Using the variable inputs, labor
requirements, and the expected outputs for irrigated crops, a return
above specific costs was determined for each nonirrigated crop and
summarized in exhibit 13.

The difference between the irrigated crop return and the non-
irrigated crop return represents the amount available per acre for
irrigation installation costs, annual operation and maintenance
costs, increased interest on investment, and increased fixed cost
(exhibit 14). This analysis indicates the increase which could be
expected in returns per acre from cotton is $17.21; corn $5.31;
soybeans $5.72; alfalfa $33.50; and hay crops, or tame pastures
harvested for hay approximately $6.53.

Because of the vagaries of weather in the Study Area, farm
operators who invest in irrigation systems will not receive returns
on their investment each year it is owned. Irrigation of some crops
in the basin would increase returns a substantial amount due to
increased yields. This condition existed during the dry years of
1952 to 1956. However, there have been years in which the applica-
tion of supplemental water would not have been profitable. Extreme
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wet conditions developed during the growing season, and caused a de-
crease in returns compnred to nonirrigated conditions.

With increased knowledge regarding the amounts and placement of
fertilizers, seed varieties, cultural practices, and other variables
associated with crop production, the control of plant moisture
requirements will become more critical. Based upon the estimated
increased returns by this study, the added returns from cotton and
zlfalfa may be sufficient to cover the added cost of providing the
irrigation system. The added returns from soybeans, corn, and
hay crops, or tame pastures, would require an analysis of the various
types of irrigation systems. Individual situations and local areas
would have to be appraised on the basis of comparability of this
analysis.

FUTURE NEEDS FOR IRRIGATION DEVELOPMENT

It has been determined that project-type irrigation development
is not a prerequisite in order to meet production requirements in the
near future. These can be met by advanced technology used on available
land resources without the aid of irrigation development.

Although studies indicate that national needs to not justify
proposing large areas for irrigation, other factors are involved.
Many farmers have installed irrigation equipment to increase their
yields and to provide crop insurance. The twin incentives of in-
creased income and insured income will continue to encourage individ-
uals and groups of individuals to place more land under irrigation.
Demands for quality control in vegetables, fruits, and specialty
crops will increase irrigation development. With agriculture becom-
ing increasingly competitive, it is anticipated that a real potential
for increased irrigation exists in the Study Area.

APPRAISAL OF POTENTIAL DEVELOPMENT

In the final analysis, the appraisal of potential irrigation
development must be a judgment figure based on the best data available.
Supplemental irrigation is not expected to influence overall crop-
ping distribution in the Red River Basin to any significant degree.
Currently irrigated land represents a small portion of the poten-
tially irrigable land. Irrigated land, as determined from question-
naires summarized in table 2, is equivalent to about two percent of
the area classed as similar to irrigated soils. Of the more than two
million acres which are similar to irrigated soils, most of those,
which are other than alluvial, have little potential for irrigation
because of high development costs for water supplies and land prepara-
tion.

The Soil Conservation Service Irrigation Guide data indicated
that about 6,188,000 acres (exhibit 1) of the Study Area had soils
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physically suitable for irrigation. The questionnaire survey showed
that most of the present irrigation is practiced on the Southern
Mississippi Valley Alluvium LRA and it seems likely that this re-
source area has the greatest potential for the future development

of irrigation. The 1958 inventoried acreages of this LRA suited

for irrigation are summarized by state and land use in table 13.

TABLE 13 ~ SOILS SUITABLE FOR IRRIGATION -
SOUTHERN MISSISSIPPI VALLEY ALLUVIUM LRA

Red River Basin Study Area

3 : Pasture : Forest 3

States : Cropland : Range : Woodland: Other : Total

(acres) (acres) (acres) (acres) (acres)
Arkansas 128,777 51,113 106,056 0 285,9L6
Louisiana L45,807 299,866 292,590 k1,252 1,079,515
Oklahoma 62,511 34,633 24,670 0 121,81k
Texas 69,906 27 ,L4ko 46,304 0 143,550
Total 706,901 413,052 469,620 41,252 1,630,825

Source: Conservation Needs Inventory

The acreages shown in table 13 as cropland and pasture range are
especially significant because it is in these land use divisions that
most of the potential exists. While a portion of the forested wood-
land may have soils and topography suitable for irrigation, the costs
of clearing and preparing the land for irrigation usually make the
lands uneconomical to develop at this time. However, woodland clear-
ing has been proceeding rapidly in recent years and this trend is
expected to continue. Consequently, must of the acreage shown as
woodland in table 13 will be converted to crop and pasture use in
the future. These anticipated land use changes will provide oppor-
tunities for future irrigation of land that is presently in woodland
use. Similarly, a portion of the crop and pasture lands has limit-
ing factors, such as availability of an adequate water supply, flood
hazards, lack of adequate drainage, and other restrictive problems.

The Bureau of Reclamation surveys are generally indicative of
the magnitude of project-type irrigation for which there is a
reasonable chance for development. Their surveys indicate a total
of about 317,000 acres of these lands. To that area should be
added the potential for individual irrigation which can develop
on areas too small or too isolated to be considered for project-
type irrigation.
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Thus, the extent of future irrigation logically should fall
between the 317,000 acres designated by the Bureau of Reclamation
and the 2,146,000 acres estimated from questionnaire data. A final
figure for Oklahoma and Texas was decided by consultation among
various members of the Irrigation Work Group.

Estimates of the amount of the potential irrigation develop-
ment were selected in consultation with the Oklahoma Water Re-
sources Board. In Oklahoma, the estimated extent of future
irrigation is placed at 156,000 acres. Of this amount, 50,000 acres
are anticipated as project-type developments, while the remaining
106,000 acres would be private developments.

Acreages for the Texas portion of the Study Area were developed
in consultation with the Texas Water Development Board. The area
estimated for future irrigation in that state is 99,600 acres. Of
that amount, 20,000 acres could be project-type and the remaining
79,600 acres would be developed individually.

Estimates for the Arkansas and Louisiana portion of the basin
were prepared jointly by the Bureau of Reclamation and the Soil
Conservation Service. Bureau of Reclamation surveys indicated
that there are about 86,000 acres of bottomland in Arkansas suitable
for project-type irrigation. After consideration of the various
problems, it was decided to expand the area by 24,000 acres to
allow for private development of small, scattered tracts. The total
area for Arkansas is 110,000 acres. No project-type areas were
identified for immediate construction. :

Louisiana has the greatest area currently irrigated and has a
greater potential for irrigation development than any of the other
states. Although the climatic conditions are such that the need to
irrigate is the least, other considerations make irrigation at-
tractive. Bureau of Reclamation studies showed a total of about
161,000 acres of bottomland suitable for project-type development.
After careful consideration of the problems and conditions, an allow-
ance of 239,000 acres including rice production areas was made to
provide for private development, making a total of L00,000 acres
for the State of Louisiana. Of the 161,000 acres, about 57,500
acres have been identified as project-type developments within the
next 10-15 years. Of the total of 400,000 acres with potential for
irrigation development, 200,000 acres are considered irrigable
under present land use conditions, while the other 200,000 acres
will require clearing, flood protection, and additional drainage
measures before they can be irrigated.

The estimated area for future irrigation developments, by states,
is summarized in table 1k.
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TABLE 14 - POTENTIAL FUTURE DEVELOPMENT

Red River Basin Study Area

: : Individual
: State ¢ Project-Type : Type : Total
IR e W <o A T & R R L e S e e B e S Acres - - = = = = = - - -
E | Arkansas 86,000 24,000 110,000
k1 Louisiana 161,000 239,000 400,000
E | Oklahoma 50,000 106,000 156,000
% Texas 20,000 79,600 99,600
4
! Total 317,000 448,600 765,600

A complete distribution of the potential irrigation development by
' states and tributary basins for the intermediate years 1980 and
: 2030 and for 2080 is shown in exhibit 15. These acreages will pro-
- vide guides for establishing the magnitude of water supplies needed
to meet future irrigation demands.

Project- e

Project-type potential development was identified to separate
projects on which construction needs to be initiated within the
next 10-15 years and projects that can be delayed. Three P.L. 566
watershed work plans have been developed for watersheds in the
10-15 year category. Irrigation is included as one purpose in %
each of these multiple-purpose development plans. 3

Acreages planned for irrigation in the three watersheds are
Bayou Rapides, 10,524 acres; Cypress-Black Rayou, 8,400 acres;
and Bayou Boeuf, 20,467 acres. Other project-type irrigation
developments include 3,060 acres in Johnson Chute Watershed and
15,040 acres in Cane River Tributary Basin. Total acreage is
57,491 acres in these watersheds in which construction is expected
to be initiated within the next 10-15 years.

PR

4 Project-type irrigation in P.L. 566 watershed plans has been
confined to soil units 4 and 8. Soil unit 3, due to its character-
istics, is best adapted to supplemental irrigation when the land
use is pasture. Although soil unit 2 can be adapted to irrigation,
available water supply is usually a limiting factor for irrigation
of these soils.

——o

Watersheds considered potentially feasible for development and _
initiation of construction within 10-15 years, which include L

S -
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irrigation as a purpose, are confined to projects in Louisiana. These
are located in tributary basins as follows:

Conservation
Needs Inventory
Tributary Basin Watershed and Number
Loggy Bayou Cypress-Black Bayou - 3m2-3
Chatlin Lake and Associated Area Bayou Boeuf - 10-15
Bayou Jean de Jean and Bayou Rapides Bayou Rapides - 10-17
Bayou Pierre Johnson Chute - 3n-2
Cane River Cane River - 3-62, 3-65,
3-6

Projections of existing and potential developments considered
projects in the 10-15 year category in place by 1980. All other
project-type areas, totaling 259,500 acres, were assumed to be
developed at a uniform rate between 1980 and 2080. The total anti-
cipated developments in areas not in the 10-15 year category were
assumed to be at a urniform rate from present to 2080.

Individual Development

Irrigation development by individuals is expected to continue.
Of the total area projected for potential development, that which is
not classified as project-type would be by individual development.
Future development is expected to occur at a generally uniform rate
from the present to 2080, except where influenced by projects.

WATER RESOURCES FOR POTENTIAL DEVELOPMENT

WATER QUANTITY AND QUALITY REQUIREMENTS

Water quantity requirements are based upon existing and poten-
tial irrigation development needs in the Study Area. All require-
ments were calculated to provide for maximum supplemental water crop
needs nine out of ten years. All gross water requirements are
based on present and future acreages for irrigation development and
maximum water diversion requirements given in table 8. Existing and

future maximum gross water requirements are shown by states and type
of irrigation in table 15.
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TABLE 15 - EXISTING AND FUTURE GROSS WATER REQUIREMENTS IN
ACRE-FEET BY STATES AND TYPE OF IRRIGATION

Red River Basin Study Area

1980 : 2030 : 2080

: sEndi— -z :Indi- :Indi-

: :Project-:vidual : Project-:vidual : Project-:vidual

State : Bxisting : Type : Type : Type : Type Type . Type
Arkansas 18,400 0 561, 1008 118300 60,500 236,500 66,000
Louisiana 58,500 134,200 130,000 263,500 363,000 392,900 597,500
Oklahoma 14,100 0 72,000 75,000 195,000 150,000 318,000
Texas 20,400 0 55,200 30,000 1kT,000 60,000 238,800
Total 111,400 134,200 313,300 k486,800 165,500 839,400 1220,300

All of the existing water requirements are developed and used by
individual farmers. Future water requirements will be divided among
project-type and individual-type water users. The anticipated
requirement to supply all users in the year 1980 is LLT,500 acre-
feet. Of this amount, about 134,200 acre-feet will be project-
type development in Louisiana for five projects identified for
initiation of construction within the next 10-15 years.

Bayou Rapides, Cypress-Black Bayou, and Bayou Boeuf Watersheds
are authorized P.L. 566 projects in Louisiana and are in varying
stages of completion. Water requirements for these three water-
sheds are 89,100 acre-feet. Johnson Chute and Cane River Water-
sheds were identified during the Red River Basin Study as having a
potential for project development within the next 10-15 years.
These two projects represent a requirement of L5,100 acre-feet.
Water requirements for the three authorized P.L. 566 projects were
obtained from the watershed work plans. Water requirements for
Johnson Chute and Cane River Watersheds were developed during pre-
liminary investigation scope studies.

The maximum gross water requirements for 1980, 2030, and 2080
do not include an allowance for return flows. It is estimated
that one-third of diverted surface water would be returned as
streamflow.

Irrigation water storage and delivery systems would be de-
signed to provide an adequate water supply to meet maximum water
requirements. However, maximum water requirements would not be
needed each year. Average annual equivalent gross water require- E
ments may be computed for comparison with maximum gross water
requirements. Average annual project-type water requirements for
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i the years 1980, 2030, and 2080 are 100,600 acre-feet, 754,600
acre-feet, and 1,279,500 acre-feet, respectively.

Irrigation development is restricted within the Red River
alluvial soils of the Study Area because water quality is unsatis-
factory. Only 200,000 acres of the irrigable land can be safely
; irrigated with present quality Red River water. Even so, these
E soils may require salinity control practices for sustained produc-

i tion. Crop growth, however, may be related more closely to factors

other than water quality. For instance, saline waters may be used

El satisfactorily to irrigate salt tolerant crops on coarse textured
i soils where rainfall is sufficient to permit leaching in the root
zone. Under similar conditions, a poorly drained soil might cease
to produce. Type of crop, type of soil, and rainfall are some
factors that determine whether water of a given quality can be used
successfully for irrigation purposes.

According to USDA Handbook No. 60, criteria used to classify

quality of water for irrigation purposes are: (1) total concentra-
| tion of soluble salts; (2) relative proportion of sodium to other
cations; (3) concentration of boron or other elements that may be
toxic; and (4) under some conditions, the bicarbonate concentration
as related to the concentration of calcium plus magnesium. Figure
3 was developed by the U. S. Salinity Laboratory Staff and may bve
used to classify irrigation water according to the alkali and salinity
hazard.

§ Red River water quality data, table 16, were taken from U. S.
Geological Survey published reports.

TABLE 16 - RED RIVER WATER QUALITY
F GAGE
’ Denison Dam, Okla. : Shreveport, La. : Alexandria, La.
e | 1951-1957 : 1955-1957 . 1953-1957
E | : Sodium : Specific : Sodium i Specific ¢ Sodium ¢ Specific
= :Adsorption:Conductance:Adsorption:Conductance:Adsorption:Conductance
‘rz Ratio : (Micromhos: Ratio :(Micromhos : Ratio :(Micromhos
b | Month i (BAR) : at 259¢.): (SAR).  : at 25°C.). .« (SAR) ¢ &t 55°C.)
&
2 March L6 1,650 2.2 566 2.0 438
| April L.6 1,647 15 453 T 397
May bb 1,560 1.8 s 1.h 330
p June L,2 1,495 2.0 627 el 597
July L.5 1,592 303 1,096 2.8 955
August L.7 14637 3.6 1,233 2.9 966
E | September k.6 1,627 3.8 14330 3.2 14126
f October L.8 1,632 B2 1472 3.3 1,204
H November L.8 1,647 3.8 Le2T1 3k 1,092

e ———
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Table 16 data may be used in conjunction with figure 3 to classi-
fy irrigation water according to alkali and salinity hazard. A
classification of table 16 values shows that the majority fall into
the C3-81 classification. In general, waters with conductivity
values below 750 micromhos/cm. are satisfactory for irrigation inso-
far as salt content is concerned. It appears that the quality of
Red River water for irrigation could be improved by dilution from
water releases from large tributary reservoirs.

Generally, water of tributary streams is better suited for
irrigation than Red River water. However, records show that quality
of surface waters in the study area can be extremely variable.
Sometimes, brine seepage from oilfields causes, locally, high con-
centrations.

Boron, bicarbonate, residual sodium bicarbonate, or other toxic
elements affecting the quality of irrigation waters are not present
in sufficient quantities to be considered a potential hazard.

Usually, the salt content of return irrigation water will be
higher than that of the water before application because evaporation
and transpiration processes tend to increase the concentration of
dissolved salts. Agricultural chemicals and soil erosion further
degrade the water quality by their pollution effects. The turbidity
resulting from irrigation appears to be minor, but most agricultural
chemicals are extremely toxic to aquatic life and constitute a
potential hazard to humans. Therefore, routes by which return flows
enter surface streams should be thoroughly investigated and evaluated.

i WATER SUPPLY COSTS

Water supply costs vary widely depending upon source of water and
complexity of development of water supply.

| The cost of pumping water from the river averages $0.05 per
1 acre-foot per foot of lift. The cost of pumping water from under-
b 4 ground sources is approximately $0.075 per acre-foot per foot of
: lift. These are based on amortized installation costs along with
annual operation and maintenance.

i Based on data from Soil Conservation Service watershed work
plans, the installation cost of reservoirs for irrigation water
I storage varies from approximately $200 to $500 per acre of land to
; 2 be irrigated. Installation cost of delivery systems may vary be-
tween approximately $30 and $100 per acre of land tc be irrigated.
On-farm costs associated with irrigation are approximately $100 to
{ $150 per acre of land to be irrigated.

,——
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The annual equivalents of estimated installation costs amor-
tized for 100 years at 3 1/8 percent interest range from $6 to
$16 per acre to be irrigated for storage of water supply for P.L.
566 projects. The annual equivalent of estimated costs for delivery
systems determined on the same basis vary from $1 to $3 per acre to
be irrigated, depending on distance and other factors. Annual oper-
ation and maintenance costs of these structural measures are not
included in the above estimates.

Bureau of Reclamation investigations indicate that the cost of
gravity irrigation systems capable of delivering water to the in-
dividual farms in the project area, including pumping plant facilities
to divert water from the stream supply, would range from $300 to $500
per acre. These costs include project drainage facilities to remove
excess water. Annual operation and maintenance costs would range
from $7 to $9 per acre. On-farm land development costs associated
with irrigation range from $50 to $200 per acre according to the land
classification standards used for the investigation.

The annual equivalent value of capital investment costs, such
as land leveling and on-farm irrigation systems, amortized over their
economic life, along with their operation and maintenance, are costs
associated with irrigation which must be deducted from increased
returns from irrigated crop enterprises.

Increased expenditures for such things as labor, fertilizer,
etc., normally incurred in irrigation farming are included as pro-
duction costs with irrigation.

ADEQUACY OF WATER SUPPLY

Stream records at the Alexandria gage indicate that the average
annual Red River flow is approximately 23 million acre-feet.
Estimates of future irrigated land are not expected to exceed
765,600 acres. Based on gross water requirements estimates in table
15, not more than 839,400 acre-feet of water would be needed to
satisfy future project-type irrigation requirements within the Study
Area during the year of greatest irrigation water need.

The adequacy of the water supply for irrigation purposes must
take into consideration both ground water and surface water sources.
The annual runoff volume of Red River, 23 million acre-feet, appears
to satisfy all water needs. However, low flows in Red River, if
water quality were good, would not be sufficient to meet peak with-
drawal rates needed during the irrigation period. Adequate quanti-
ties of water for irrigation use would be available if provisions
for water storage are made.
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As statea in appendix III, ground water aquifers in the Study
Arez are potentially capable of producing an estimated aggregate of
800 million gallons of water per day. However, additional areal
investigations and specific site studies will be necessary to de-
termine the exact available yields. The development of ground water
supplies for irrigation will be governed by depths to the water and
dependable annual yields at points of need.

T

T T T

As discussed under water quantity requirements, existing re-
quirements for irrigation water are 111,400 acre-feet. Approximately
€0 y-rcent of this is being obtained from surface water sources and
LQ percent from ground water sources. The quantity obtained from
surface water and ground water sources varies from 90 percent and
10 percent, respectively, in Oklahoma to 25 percent and 75 percent,
respectively, in Arkansas.

TR R T
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3 All water requirements (134,200 acre-feet) for the five potential
é projects identified for initiation of construction in the next 10-15
years will come from reservoir storage. The source of water for the
remaining potential requirements (1,925,500 acre-feet) will depend
upon the type of development and the cost of development. It can be
é— assumed that all project-type development will obtain water from

1 surface water sources. The ratio of surface water to ground water

for individual development is expected to become larger, because of
the increasing difficulty and expense in obtaining water from ground
water sources.

It can be concluded that there is a sufficient amount of water
available for irrigation of the 765,600 acres of present and poten-
tially irrigable land. Suitable reservoir sites for storage of
irrigation water are available throughout the basin. Some of these
reservoirs may need to be located several miles from the area of use.
Substantial amounts of ground water can be expected to be used for
individual irrigation development. Increasing amounts can be expected
to be obtained from Red River, especially if the quality of Red River
water is improved.

In most cases, surface water quality of tributary streams is
satisfactory for irrigation. USGS reports indicate that, generally,
waters of the Sulphur, Cypress, Little River, Blue, Muddy Boggy,
Kiamichi, and Clear Boggy Rivers are suitable for irrigation. Availa-
ble records show that Loggy Bayou waters are marginally suited because
of salinity.

In the reaches of Red River above Denison Dam, the Corps of
Engineers is recommending measures to control major sources of natural
salt pollution which render the river unfit for most uses. Survey
reports regarding the study indicate that proposed remedial measures
will reduce salinity concentrations below Denison Dam. Also, that im-
proved quality will be acceptable for municipal, industrial, and
agricultural water uses.

VI"M)




The quality of the water is suitable for irrigation from
practically all of the principal aquifers in the Study Area in
Texas that have a potential for irrigation development.

In general, good quality ground water is available in the Study
Area in Oklahoma and Arkansas except in upland areas adjacent to the
Red River alluvium in McCurtain County, Oklahoma, and Little River,
Hempstead, Nevada, and Lafayette Ccunties, Arkansas, where the
ground water is highly saline.

In the Louisiana portion of the Study Area, the ground water
generally is suitable for irrigation except for upland areas adja-
cent to both sides of the Red River alluvium and in a few isolated
areas in the Red River flood plain.

More detailed information on the suitability of water for
irrigation is presented in appendix III.
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Exhibit 1 - Soils Suitable for Irrigation by Tributary Basins,
Red River Basin Study Area

Tributary Basin : Arkansas : Louisiana : Oklahoma : Texas : Total
----------- (Acres) = = = ~ = = = = - -
Barkman Creek = - - 21,400 21,400
Bayou Jean de Jean - 16,000 - - 16,000
Bayou Pierre = 440,000 ‘ = 90  L4k0,090
Bayou Rapides - 38,00Q - - 38,000
Bayou Rigolette - 82,400 - - 82,400
A Black & Saline Lakes - 399,600 = - 399,600
" Blue River - - 103,200 - 103,200
Boggy Creek - - 271,300 - 271,300
Bois d'Arc Creek 54,000 - = - 54,000
Cane River - 189,650 = - 189,650
Chatlin Lake - 322,k00 - - 322,400
Cypress Creek 26,010 204,420 = 374,360 604,790
Kiamichi River 4 = T o0 = 7,900
Little River 270,100 - 150,900 - 421,000
Loggy Bayou 205,100 419,000 - - 62k4,100
Maniece Bayou 57,000 - - - 57,000
McKinney Bayou 145,850 - - 10,550 156,400
Intervening Areas -
Ark. & Okle. 81,900 - 231,050 - 312,950
Intervening Areas--
Texas - - - 708,500 708,500
Nantachie Creek - 14,560 - - 1k ,560
Posten Bayou 41,580 17,420 - - 59,000
Red River Backwater - 191,300 - - 191,300
Red River Main Stem - 142,250 - - 142,250
Sulphur River 64,500 - - 815,400 879,900
i Total 9L6,0L0 2,477,000 834,350 1,930,300 6,187,690

Source: USDA National Inventory of Soil and Water Conservation Needs,
1958, and Soil Conservation Service irrigation guides.
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Exhibit 2 - Inventory of Irrigated and Similar Soils !
by Counties and Parishesl

: Total Area : Additional :

: Total Area : Previously : Area Sim- : Total
: Irrigated : Irrigated : ilar to : Irrigated
: in : but not in : Irrigated : & Similar
County s 1963 : 1963 i Boils 5 s iSeiils
----------- (e Es R =
ARKANSAS
Columbia 500 200 3,000 3700
Hempstead 0 0 0 0
1 Howard 0 600 5,000 5,600
Lafayette 3,354 1,000 6,000 10,354
Little River 712 1,202 190,000 191,914
Miller 2,015 Loo 120,000 122/ k5
Nevada 50 50 85,000 85,100
Polk 8 120 20,000 20,128
Sevier T0 120 1,500 1,690
Total - Arkansas 6,709 3,692 430,500 440,901
LOUISIANA
Avoyelles 15,580 0 139,660 155,240
Bienville 120 0 0 120
Bossier 970 25320 50,000 53,290
Caddo 1,220 140 147,000 148,360
Catahoula 780 300 85,000 86,080
Claiborne 30 0 28,000 28,030
DeSoto 60 20 1,353 1,433
Evangeline 0 0 0 0
Grant 170 200 12,000 12 370
LaSalle 0 0 0 0
Lincoln 0 0 0 0
,; Natchitoches 24325 600 204,386 207 4311
: Rapides 2,0L0 0 42,000 L4, 0ko
Red River 0 935 195,787 196,722
Sabine 0 0 0 0
St. Landry 0 0 0 0
Vernon 0 0 0 0
Webster 129 167 7,400 7,696
Winn 0 0 0 0
| Total -
Louisiana 23,42k L,682 912,586 940,692

VI-50
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Exhibit 2 - Inventory of Irrigated and Similar Soils
by Counties and Parishesi/ (cont'd)
: Total Area : Additional
3 : Total Area : Previously : Area Sim- Total
g Irrigated : Irrigated : ilar to Irrigated
b 2 in : but not in : Irrigated ¢ & Similar
: County : 1963 : 1963 B iSentiis Soils
R e e e Bt e e e (cres) S e e
3 OKLAHOMA
i Atoka 170 0 0 170
Bryan 3,295 730 65,000 69,025
Choctaw 500 4,000 50,000 54,500
Coal 118 240 15,000 15,358
Hughes 0 0 0 0
Johnson 300 160 3,000 3,460
Latimer 10 1] 3,000 3,020
LeFlore 0 0 0 0
McCurtain 300 870 13,000 14,170
1 Murray 0 0 0 0
: Pittsburg 0 0 6,000 6,000
Pantotoc 20 0 2,500 2,520
Pushmataha 0 0 0 0
Total - Oklahoma W, 713 6,010 157 4500 168,223
TEXAS*
Bowie 2,886 13,949 111,900 128,735
Camp 340 2 6,000 6,342 i
Cass 130 32 8,000 8,162
Delta 0 0 31,500 31,500
Fannin 1,780 1.302 93,180 96,262
Franklin 0 Ls 21,500 21,545
_ Grayson 150 180 12,100 12,430
{ Gregg 0 167 1,000 1,167
% Harrison 0 254 2,000 2,254
1 Hopkins 155 110 43,000 43,265
| Hunt Q 0 0 0
4 Lamar 300 728 87,800 88,828
| Marion 160 290 3,000 3,450
Morris 160 320 9,000 9 .480
Panola 0 0 0 0
Red River 733 1,642 75,000 TT+3T5
! | Titus 0 300 45,500 45,800
k| i Upshur 0 15 12,500 12575
| { Wood 50 0 7,300 15350
N |
& | Total - Texas 6,8LL 19,396 570,280 596,520
E | | Grand Total - - 2,070,866 2,146,336
g 1/Data from Soil Conservation Service questionnaires and TWC Bul.6515.
;] * Jata for 1964, Texas Water Commission Bulletin 6515.
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Exhibit 4 - Irrigated Crops, Acreages:
Harvested, Crops for which Entire Acreage was Irrigated,
Red River Basin Area, 1954 and 1959

Irrigated Cropland

Crop 19542/ 19594/
Acres Acres
Crop for which entire acreage
! was irrigated
Q Corn:
i For all purposes 1,621 873
] Grain 1,528 525
{
,é Sorghum:
For all purposes except sirup 551 2
' Grain 300 20
I Small grains harvested:
‘ Wheat 75 .5
Oats 523 30
; Rice 84,319 61,155
Peanuts:
For all purposes 6l Ls2
Alfalfa and mixture cut for hay 656 5hs
Other hay crops 678 235
Field seed crops 1 12
Cotton 2,260 L,6L6
Soybeans 15 8u6
Vegetables for sale 384 438
Land in bearing and nonbearing fruit
orchard, groves 84 20
Pasture - 282
Total 91,431 69,576
Irrigated cropland harvested 1015125 75,085

l/WLoie counties are represented.

VI-Sk
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Source: Census of Agriculture, Crop Reporting Service
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Exhibit 6 - Cotton: Estimated Annual "Adjusted Normalized" Costs

and Returns Per Acre With Irrigation, Bottomland Soils,

Good Management, Red River Study Area

Unit : Quantity :

: Amount

Item Price
Dollars Dollars
Production:
Lint Lb. 690 .2k 165.60
Seed Lb. 1201 .02l 28.82
Total 194 .42
Variable inputs:
Seed Lb. 32 .18 5476
Fertilizer, N.P.K. Lb. 60-40-L0 12--.10-.05 13.20
Power Hr. 6.1k 1.28 7.86
Other machinery Acre 1920 5.54 5.5k
Herbicide Acre 150 3.20 3.20
Insecticide and
application Acre 150 14.05 14.05
Hired hoeing Times over 5.0 155 13.65
Land preparation Acre 15,6 305 3405
Water and ditch costs Acre 1.0 3.00 3.00
Total preharvest costs 6G.31
Defoliate and
application Acre 1.0 30 Shie
Mechanical pick Cwt. s.C. 19.8 3.10 61.38
Haul, gin, wrap Cwt. S.Cs 19.8 i s 21.98
Total harvesting costs 87.06
Annual interest on capital Dol. Ls.Th .06 2ol
Total specified costs 159.11
Returns above variable inputs 3531
Hourly labor 12.56
Returns above variable inputs
and labor 22 .15
V1-56
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Exhibit 7 - Corn: Estimated Annual "Adjusted Normalized" Costs
and Returns Per Acre With Irrigation, Bottomland Soils,
Good Management, Red River Study Area

Item ¢ Unit ¢ Quantity : Price : Amount
Dollars Dollars

Production:

Corn Bu. L6 126 53.36
Varisble inputs:
Seed Lb. 8.0 205 1.6L
Fertilizer, N.P.K. Lb. 20-20-20 .12-.10-.05 5.40
Side dress Ib. 30 N L2 3.60
Power Hr. 527 1,28 6.75
Other machinery Acre 1.0 2.38 2.38
Land preparation Acre 10 3.05 3.05
Water and ditch costs Acre 120 3.00 3.00
Total preharvest costs 25.82
Custom harvest Acre 0 5.18 5.18
Custom shelling Bu. L6.0 .06 2.76
Haul Bu. L6.o .06 2.76
Total harvesting costs 10.70
Annual interest on
operating capital Dol. 16.27 .06 .98
Total specified costs S -50
Returns above variable inputs 15.86
Hourly 1labor 1L A0
Returns above variable inputs
and labor 5.76

VI-ST
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Exhibit 8 - Soybeans:
and Returns Per Acre With Irrigation, Bottomland Soils,
Good Management, Red River Study Area

Estimated Annual "Adjusted Normalized" Costs

: Quantity :

: Amount

Item Unit Price
Dollars Dollars
Production:
Soybeans Bu. 31 2.82 71.92
Variable inputs:
Seed Bu. 1.0 L.60 4.60
Fertilizer, N.P.K. LY. 0-4o-40 .12-.10-.05 L4.00
Insecticide Acre 1L 2.00 2.00
Power Hr' 375 1,28 L.80
Other machinery Acre 1.0 1.45 145
Land preparation Acre 1L5(0) 5.05 3.05
Water and ditch costs Acre Al 3.00 3.00
Total preharvest costs 22.90
Combine Hr. 0.5 6.8k 32
Haul Bu. 310 .09 2.79
Total harvesting costs 621
Annual interest on capital Dol. 1248 .06 ST
Total specified costs 29.88
Returns above variable inputs L2.0k
Hourly labor TeQy
Returns above variable inputs
and labor 3L4.97
VI-58
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Exhibit 9 - Alfalfa: Estimated Annual "Adjusted Normalized" Costs
and Returns Per Acre With Irrigation, Bottomland Soils,
Good Management, Red River Study Area

Item : Unit : Quantity : Price : Amount

Dollars Dollars

Production:
Hay Ton b 20Tl 118.8k
Cost of establishing:
Breaking Hr, 1S 1.91 2.L48
Disking Kl 550 2.05 2,05
Harrowing Hr. 5 1.94 o7
Land preparation for
irrigation Acre 1010) 3.45 .05
Fertilizer (6-24-2L) Cwt. 2l 4.50 duleias
Seed, inoculated Hr'. 20 PHE 10.20
Lime, custom Ton 2 5.00 10.00
Plant and fertilizer Hr. o[ 2.08 1k4.56
Packing Hr. 22 2.43 L9
Water and ditch costs Acre 1,0 3.00 3.00
Hourly labor Hr. 6.2 125 TS
Total establishing costs 65.80
Annual costs:
Amortized at 6% over a
L-year period 18.99
Maintenance costs 11.60
Supplemental irrigation 4,10
Total annual costs 34.69
Variable costs:
Cut, rake, bale, and
storage (custom) Ton k 9.20 36.80
Labor Hy . L1+0 325 1.25
Total variable costs 38.05
Total annual costs of
production above T2.7h
Returns annual and variable costs 46.10

VIi-5Y




; Exhibit 10 - Pasture, Tame: Estimated Annual "Adjusted Normalized"
[ , Costs and Returns Per Acre With Irrigation, Bottomland
Soils, Good Management, Red River Study Area

Item Amount
Dollars
Production:
Hay, or grazing 11 AUM, or 2,500 1lbs.
air-dried forage @
$23.76 per ton 29.70
Costs of establishing:
Fescue and white clover 3301
Common bermuda and lespedeza 36.23

Annual costs:

Amortized:
Fescue and white clover 4.55
Common bermuda and lespedeza Bl3
Annual maintenance costs 520
Supplemental irrigation costs k.10
Total annual costs:
Fescue and white clover 13.93
Common bermuda and lespedeza Jlefealit

Returns to land and management
(after pasture has been

established):
Fescue and white clover L5
Common bermuda and lespedeza 16.59

VI-60




- Exhibit 11 - Prices: Adjusted Normalized for Specific
; Commodities, Arkansas, Louisiana,
Oklahoma, Texas, and L-State Averagel/

ST

4 3 : s 3 ¢ : L-State

3 Commodity : Unit :Arkansas:Louisiana:Oklahoma: Texas : averagg}/

b Dols. Dols. Dols. Dols. Dols.

| Wheat Bu. Q27 5,200 rsi 131 1.29

3 Rice Wt . 75 W15 = L. 8L L.78
Corn Bu. 13T 120 dhealal il - 3T 1,16
Qats Bu. .68 13 .63 .68 .68
Barley Bu. .84 = .79 . 8L .82
Sorghums Bu. akpias 10 .95 .95 1.0k
Cotton, lint b .26 .25 23 w2l 2L
Cottonseed Ton LT7.04 L6.08 LT7.0L L48.00 LT7.04
Soybeans Bu. 2.h7 2.30 2425 2525 2232
Potatoes Cwt. 3.20 e 3.20 2.87 2.95
Sweet potgtoes Cwt. L. 52 2.5T 5108 L.52 L.16
Hay, allZ Ton 23.54  24.6)4 22,66  24L.20 23.76
Alfalfag i/ Ton 29.26 2353 25.98 30.27 29 . (L 0
Cattle Ewt . 18.04 16.40 19.48 1845 18:609
Calves Cwt. 22.56 23.04 2L4.00 23.0L4  23.16
Sheep Cwt. 5.47 5.98 5.98 T.52 6.23
Lambs Cwt. 16.02 0GR 17.64 iSRS ST
Hogs Cwt. L5005 14 . 4L 15405 95 .05 1L4.89
Commercial

broilers I} AL <1 J1b L1k .1k 2

Turkeys Lb. .20 .22 .19 .20 .20
Eggs Doz. .38 .bo .30 .3k 515

Source: Interim Price Standards for Planning and Evaluating
Water and Land Resources, Interdepartmental Staff Committee of the
Water Resources Council, Washington, D. C., April 1966.

1/The prices presented are an average for the four states in
the basin complex.

2/pPrice of hay sold baled.

2/Alfalfa hay price was computed by ERS, Little Rock, Arkansas

s SRS
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Fxhibit 12 - Costs and Returns: Adjusted Normalized,
for Selected Irrigated Crops, Bottomland Soils,
Good Management, Red River Study Area

Item e : Soybeans : Al
Dols. )

T1.92
36.95
turns above

variable inputs

ana 1abdbor

1/other hay, or tame pasture was

nite clover," or "common bermuda and

/

Z/Fescue and white clover.

3/Common bermuda and lespedeza.




| Exhibit 13 - Costs and Returns: Adjusted Normalized,
. for Selected Crops Without Irrigation, Bottomland
2 Soils, Good Management, Red River Study Area

: Other hay
g ; 2 s s or tame
] Item : Cotton : Corn : Soybeans : Alfalfa : pasturel
Dols. Dols. Dols. Dols. Dols. 1
Income 150. 1 35.96 53.36 62.39 19.01
] Costs of production 145.20 35.51  2L.11 49.79 9.73%5
8.99=
Returns above
variable inputs
and labor 5.54 .45  29.25 12.60 9.282/
10.023/

1/0ther hay, or tame pasture was considered to be 'fescue
and white clover," or "common bermuda and lespedeza."

E/Fescue and white clover.

§/Common bermuda and lespedeza.

v
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Exhibit 14 - Returns Above Variable Inputs and Labor:
Adjusted Normalized, for Selected Crops,
Irrigated and Nonirrigated, Bottomland Scoils,

Good Management, Red River Study Area

Difference
: s 2 in

Crop : Irrigated : Nonirrigated : Returns

Dols. Dols. Dols.

Cotton 99715 5.5k 1723

Corn 5.76 .Us Syl

Soybeans 34.97 29.25 S 12

Alfalfa 46.10 12.60 83050
Other hay, or / 15.7754 9.28%4 6.&9%4
tame pasture— 16.59= 10.02= Baoi=

l/Other hay, or tame pasture was considered to be
white clover,” or "common bermuda and lespedeza."

E/Fescue and white clover.

Q/Common bermuda and lespedeza.

VI-64
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SUMMARY

The U. S. Department of Agriculture participated in the Red River
Basin Comprehensive Study under authority provided by Section 6 of the
Watershed Protection and Flood Prevention Act (Public Law 566, 83rd
Congress, as amended). The Act is administered by the Soil Conserva-
tion Service of the USDA. It authorizes the USDA to cooperate with
other federal, state, and local groups or agencies in surveys and
investigations of river basins as a basis for development of coordi-

{ nated programs.

This appendix is one of three appendices that the USDA was as-
signed primary responsibility for preparing for the Red River Basin
Comprehensive Study interagency report. It includes investigation
results on only the drainage and flood problems on flatlands part of
the investigations.

s -

Flood prevention on flatlands is defined as works of improvement
for the conveyance, control, and disposal of surface water caused by
abnormally high, direct precipitation, runoff from higher elevations,
and from stream overflow.

Drainage on flatlands is defined as works of improvement in-
stalled for the purpose of removing the excess water from the plant
root zone of the soil or from the soil surface in areas where normal
precipitation, seepage, or excess irrigation water keeps the soil too
wet for the most economical agricultural production.

The purpose of this water management analysis, as it pertains
specifically to drainage and flood prevention on flatland, is to
identify and inventory these problem areas in the Red River Basin
below Denison Dam., The Ouachita-Black River drainage area was ex-
cluded.

The USDA cooperated with the Corps of Engineers, New Orleans
and Tulsa Districts, and stale agencies in making this drainage and
flood prevention study on flatlands.

The interest and activities in relation to drainage and flood
problems in flatlands vary widely within the limits of the Study Area.
Extensive projects have been constructed in the Arkansas and Louisiana
portion of the basin complex, while very little has been constructed
in the Oklahoma and Texas portion. Drainage and flood prevention
activity in all states has been confined mostly to the Southern
Mississippi Valley Alluvium Land Resource Area EE3I08

i - e B Ot %

{ , There are many factors that cause drainage and flood problems on
{ { flatlands, such as flat slopes, uneven land surface, slowly permeable
soils, etc. The main physiological effect of inadequate drainage 3
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and flood prevention on crop plants is the lack of aeration in the
soil. Crop yields are reduced, and operations relating to crop pro-
duction are adversely affected.

Physical and economic factors were considered in the development
of soils feasible for drainage and flood prevention improvement.
Costs and returns from drainage and flood prevention improvement, crop
yields, technology, and production costs have a vital part in estab-
lishing feasibility. Cotton, hay, and corn acreages are the greatest
affected by inadequate drainage and flood prevention improvement.
Generally, woodland drainage for woodland benefit is not considered
feasible in the Study Area. Forest drainage research in the Coastal
Plain has shown benefits to drainage of wet pineland sites; however,
these sites are so sparsely located within the Study Area that they
are not included in the inventory of soils feasible for drainage and
flood improvement.

In general, the effect of adequate drainage and flood prevention
improvement on cropland has been found to result in: (1) An increase
in harvested yields; (2) An increase in machinery efficiency; (3) An
increase in quality of harvested crops; and (4) Greater adaptability
of mechanization.

The purpose of drainage and flood prevention improvement is to
keep soils productive with a corresponding minimum soil depletion.
The greatest drainage and flood prevention improvement potential in
the Red River Basin is located in the Southern Mississippi Valley
Alluvium (131) and the Southern Mississippi Valley Silty Uplands (134)
Land Resource Areas.

Benefits from increases in crop production expected to result
from drainage and flood prevention improvements were limited to the
increases in net crop income. The estimated average annual reduction
in net income in the Red River Basin from inadequate drainage and
flood prevention improvement is approximately 4.3 million dollars.
This reduction in net income from cropland with inadequate drainage
and flood prevention improvement is approximately 10 dollars per acre
of land affected.

There are 4,822,400 acres of soils with a drainage and flood
problem located within a total drainage and flood problem area of
5,h07,h00 acres. The 585,000-acre difference represents interspersed
areas of permeable soils having no problem. Of the 4,822,400 acres
of soils with a drainage and flood problem, 424,200 acres have had
adequate improvements installed, leaving 4,398,200 acres remaining
with a problem. Although 424,200 acres have been adequately drained,
some may require further improvement because of improper maintenance
or because of a change in standards for drainage as a result of
changing agriculture.
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Of the 4,398,200 acres of flatland soils with inadequate drainage
and flood prevention improvement, there are 1,279,500 acres feasible
for drainage and flood prevention improvement and 3,118,700 acres not
feasible under normalized prices and projected needs.

There are 807,300 acres with a pctential for group drainage and
flood prevention development. Of this total, there are 699,000 acres
identified for potential development by 1980 and 108,300 acres identi-
fied for long-term potential development.

There are 1,279,500 acres considered to have a potential for on-
farm drainage and flood prevention improvement. No attempt was made
to divide the soils with a potential for on-farm drainage and flood
prevention improvement into the 1980 and long-term potential acrezges.
It is expected that development of this on-farm potential will follow
the pattern of development of the group potential since the twc are
interrelated.
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INTRODUCTION

The U. S. Department of Agriculture participated in the Red
River Basin Comprehensive Study under authority provided by Section
6 of the Watershed Protection and Flood Prevention Act (Public Law
566, 83rd Congress, as amended). The act is administered by the
Soil Conservation Service of the USDA. It authorizes the USDA to
cooperate with other Federal, State, and local groups or agencies
in surveys and investigations of river basins as a basis for
development of coordinated programs.

The USDA Study is necessary to develop agricultural data for
the use of cooperating agencies and to prepare a potential plan of
development for water and related land resources that could be ac-
complished under USDA programs. Agricultural data is needed by
State and other Federal agencies as a basis for planning water and
related land resource projects under their programs. A potential
plan of development under USDA programs is needed for preparation
and selection of an overall plan of potential development of water
and related land resources in the basin.

The principal objectives of USDA participation in the Study
included (1) preparation of a water and related land resources plan
of development that would be harmonious with other elements of the
overall basin plan of development, (2) development of information
needed by State and other Federal planning agencies that could be
used to evaluate potential improvements under their programs, and
(3) opportunities for drawing upon information developed by State
and other Federal planning agencies in order to establish a poten-
tial plan of development under USDA programs that would be
coordinated with programs of other agencies. Objectives also in-
clude preparation of information for subsequent use in planning
P. L. 566 watershed projects, resource conservation and development
projects, programs for development and management of National
Forests, and other USDA action programs for water and land resources
conservation, development, utilization, and management.

The Soil Conservation Service, Economic Research Service, and
Forest Service participated in the USDA study. Participation of
each agency was coordinated through the Washington Advisory Commit-
tee and the Field Advisory Committee. The latter met on the call of
the Chairman to effect coordination of USDA studies and to assure
that studies were adequately coordinated with studies of other co-
operating agencies.

The UDSA was assigned primary responsibility for preparing
three appendices for the Red River Basin Comprehensive Study inter-
agency report. This appendix includes investigation results on only
the drainage and flood problems on flatlands part of the investigations.
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The history of drainage and flood prevention on flatlands in the
United States begins in 1835. The first handmade tile was installed
in that year. The drain tile machine was invented in England in 1843
and soon after exported to the United States. Rapid development
followed.

e e it
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Large scale developments were made in surface ditch construction
for drainage and flood prevention in the Mississippi alluvial valley
during the period 1910-192T.

TR

The 1959 Census of Agriculture shows more than 100 million acres
of land in the United States in drainage and flood prevention pro-
Jects serving agricultural flatlands. There are presently about 50
million acres of land in the United States that could be brought into
increased agricultural production by improved drainage and flood pre-
vention. Of this, there are 30 million in production and 20 million
in new land. Thousands of acres of agricultural land have had ade-
quate drainage and flood prevention improvements installed in recent
years with Federal and State assistance.

a2 e

] PURPOSE AND SCOPE

é The purpose of this water management analysis, as it pertains
specifically to drainage and flood prevention on flatlands, is to
identify and inventory these problem areas in the Red River Basin
below Denison Dam. The analysis provides a means for considering
comprehensive plans. It provides information which may be used in
coordinating programs and projects planned and undertaken by Federal,
State and local departments and agencies. The analysis attempts to
evaluate the total average annual reduction in net incomes due to
the drainage and flood problems which occur with present cropping
patterns and farming conditions. Evaluation of benefits from spe-
cific projects is beyond the scope of this Appendix. Benefit
evaluations for feasible projects will be included in the Upstream
Watershed Protection, Use, Management, and Development appendix.

i The scope of the Study Area includes the flatland areas in the
2 Red River Basin below Denison Dam in Arkansas, Louisiana, Oklahoma,
H and Texas, where drainage and flooding is 2 prcblem. The Ouachita-

Black hiver drainage area was excluded. The Study Area is divided
y into twenty-four tributary basins.

FELATIONSHIP TC OTHER APPENDICES

The Drainage and Flood Prevention on Flatlands appendix is one
i of fifteen appendices for the Red River Basin Comprehensive Study
B interagency report. It is concerned entirely with evaluation of
' agricultural drainage and flood problems and appraisal of potentials
for alleviating problems in the flatlands of the Study Area (figure
1).
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The importance of drainage and flood problems on flatlands and
possible solutions to agriculture suggests preparation of a separate
appendix for this aspect of the Comprehensive Study. The subject
matter necessarily overlaps into subject matter of other appendices
such as Flood Control and Major Drainage, and Upstream Watershed
Protection, Use, Menagement, and Development. However, other ap- '
pendices are not prepared for comprehensive treatment of drainage
and related flood problems on all flatland areas.

| Details of potential development in watersheds in which con- 5

1 struction is expected to be initiated within the next 10-15 years

| (1980) are not included in this appendix. These data will be in- |
cluded in the Upstream Watershed Protection, Use, Management, and
Development appendix for tributary watersheds. Similar data for
major outlets will be included in the Flood Control and Major Drain-
age 8ppendix.

BASIC PRINCIPLES OF AGRICULTURAL DRAINAGE AND FLCOD PREVENTION ON
FLATLANDS

Agricultural drainage and flood prevention refers to the opera-
tions required to remove excess water from agricultural land.
Excess water may be caused by high water table or by temporary flood-
ing that prevents or limits use of conservation farming. Four main
purposes for drainage and flood prevention on flatlands are:

1. Land reclamation - to bring into production land which at
present produces no income from agriculture.

2. Land improvement -~ to increase production and to reduce the
cost of production on land which is presently producing
income.

3. Facilitate construction and maintenance of roads, railroads,
urban areas (industrial and residential), airports, etc.

! L. Improve health conditions - eliminate mosquitoes and other
insects.

Crops must have sunshine, plant food, water, and oxygen. The
essential requirements for the simultaneous availability of water,
nutrients, and oxygen at the places of activity of the roots is the
principal reason for the necessity of adequate drainage and flood
prevention conditions.

For maximum agricultural production, water control is needed.
Sufficient water must be supplied to the crop to meet its needs for
plant growth while holding the elevation of the groundwater at a
depth which will not inhibit proper root development and will permit
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3h2+5 Caney-Coon Creek

Jhl-i‘ . Ueger Muddy Boggy Creek
5 - Kiamichi River

3i=1 Lower Kiamichi

3i-2 Frogville

33 Cedar Creek

3i-4 Dumpling-Beaver

3i-5 Buck Creek

Ji-6 Jack Fork

31e7 Upper Kiamichi River

3i-8 Rock Creek

3i-9 Buffalo Creek

6 - Barkman Creek

3-47 Ash Slough

34 Barkman Creek

8
7 - Littie River

Yetliow Creek

Lower Little River Laterals
Lower Saline River
Mine Creek

Starch Creek

Middle Saline River
Upper Saline River
Lick Creek

Northbank Laterals of Little River
Lower Cossatot River
Middle Cossatot River
Harris Creek

Upper Cossatot River
Caney<F lat Creek
Lower Rolling Fork
Upper Rolling Fork
Lower Little River
Lukfata Creek

Glover Creek

Middle Little River
Upper Little River
Lower Mountain Fork
Middle Mountain Fork
Cove-Hatfield

Upper Mountain Fork

5 Potter
8 - Bois d'Arc Creek

Bridge Creek
Bois d'Arc Creek

9 - Maniece Bayou

3-56

Maniece Bayou

10 - McKinney Bayou

3-52
3.53
5 54

Upper McKinney Bayou
Buzzard Bluff
m(.n..., Bayou

ech Creek

ll - Sulplwv River

Jk-|
Ik-2
3k=3

3k«16
Ch-i?

Ik-18
Ikl
k-2

Lower Sulphur River

Big Creek

Lower Sulphur Laterals
Anderson Creek

South Sulphur Laterals
Cuthand Creek

Sand Branch

Langford Creek

Bruton Creek
Sand-Mustang Laterals
Deport Area

Click Creek

Auds Creek

Upper North Sulphur River
Morgan Creek

South Sulphur

South Sulphur River, Middie
Sulphur River & Pecan Creek
Upper South Sulphur River
Lower White Oak Bayou
White Oak Laterals

White Oak Bayou

;'- Fos'en Bayou

3.57
3572

Posten Bayo
Lower Pos

Bayou

13 - Red River Main Stem

3258 Holm Lake CONSERVATION NEEDS INVENTORY WATERSHEDS \ Y
3-59 Sunny Point and Half Moon Lake \ \ (
360 East Point U. S. DEPARTMENT OF AGR S L %
361 Bull Lake and Sims Bayou 8 . -
162 St. Maurice and Dunn Lakes NSERVATION £
371 Wigrins Bayou
\ "
. 3 ]
0 0 0 = 30 40 MILES AV
==
2 iy 4 Rev. 1-68

14 - Cypress Creek

3Lt Dooley Bayou
L2 Waskom Laterals
3L-3 Kelly-Black Bayous
3L-4 B lack Bayou
3L-5 Frizier Creek
3L-6 Caddo Lake Laterals
3L-7 Black Cypress Laterals
3L-8 Upper Frazier Creek
3L1-1 Little Cypress
3Li=2 Lilly Creek
3Li-3 Black Cypress
IL1-4 Lower Little Cypress
315 Middle Cypress
3L1-6 Upper Cypress
15 - Loggy Bayou
Imel Lower Toulon Bayou
3m-2 Lake Bistineau
3mi-l Lower Bayou Dorcheat Laterals
3mi-2 Middle Bayou Dorcheat Laterals
Imi=3 Cypress Creek
3mi-4 Crooked Creek
Imi-5 Middle Bayou Dorcheat
Iml-6 Horsehead Cree
3ml-7 Big Creek
Iml-8 Upper Bayou Dorcheat \
3m2-1 Lower Flat River | 3 \
3m2-2 Middle F lat River “
3m2-3 Cypress-Black Bayou \
3m2-4 Upper West Fork of Cypress Bayou
Im2(a)-1 Red Chute
Im2(a)=2  Martin Creek
3m2(a)-3 Bayou Bodcau Laterals
Im2(a)-4 Lower Bayou Bodcau
3m2(a)-5 Middle Bayou Bodcau
3m2(a)-6 Little Bodcau Creek
3m2(a)-7 Bodcau Craek
16 - Boyou Pierre
3n-1 Jims River
3n-2 Johnson Chute /
3n-3 Bayou Dupont /
Jn-l Bayuu Pierre Laterals {
Wallace Bayou
|7 Blcck and Saline Lakes
aline Bayou Laterals
30-2 Lower Saline Bayou
3o-3 Upper Saline Bayou
3o)-) Black and Clear Lake Laterals 5
3o01-2 Grand Bayou
3o01-3 B‘ack Lake Bayou Laterals "
3ol-4 per Black Lake Bayou /

18 - Nonmdn: Creek

3-63

19 - Cane River

3-64
3-65
-65

20 Boycu Jean de Jean
68
Zl - Bayou Ropides

10-17
10-18

22 - Bayou Rigolette

3-69
3-70

23 Red River Backwater

3-72
3-73
374
3-75
3-76
3-77
3 78

24 Chatlin Lake and Associated Area

‘O l()
10-11
10=12
10-13
10-14
10-15
10-16
10-19

Nantachie Creek

Bayou Provencal

Cane River

Cocodrie and Little River
Carnahan Creek

Bayou Jean de Jean

Bayou Rapides
Bertrand Bayou

Bayou DuGrappe
Bayou Rigolette

Big Creek

Vick to Saline Bayou

Muddy Bayou

Jonesville to Larto Lake

Saline Bayou to B lack River

West Laterals of Old River

Ola River and Little River Lakes
you Natchitoches

Pomme de Terre
Waukasha-Courtableau
Bayou Grand Louis
Bayou Cocoedrie

Bayou Rouge

Bayou Des Glaises
Bayou Boeuf

Chatlin Lake

Upper Bayou Cocodrie

Figure | {
COMPREHENSIVE BASIN STUDY )
RED RIVER BELOW DENISON DAM

LOUISIANA, ARKANSAS, OKLAHOMA, AND TEXAS

TRIBUTARY BASINS AND ‘\ )

OKLAHOMA PORTION COMPILED FROM USGS 1:500,000 BASE - REMAINDER FROM AMS 1:250,000 SHEETS
EXISTING LAKES FROM ABOVE SOURCES SUPPLEMENTED WITH USGS QUADRA YGLES AND COUNTY HIGHWAY
VUSDA-3CH-FORT WORTH, TEX. 1908




adequate aeration. This depth will vary according to crops, soils,
! and quality of the water.

Water in the root zone of the soil should be held between field
capacity - the greatest amount which is held against the force of
gravity in a well-drained soil - and the wilting point - the point %
at which plants wilt and fail to recover turgidity when placed in a
dark, humid atmosphere. In most soils, aeration is sufficient at
field capacity, but in some heavy soils almost all pores are of
capillary dimensions and the soil will be water-logged at field
capacity.

E For proper functioning of roots, neither water stress nor

f oxygen stress should occur in the soil. Water supply from the capil-

lary fringe may be important for plant growth. Drainage and flood

prevention should be done at such a rate and to such a depth that it

{ allows both for an adequate aeration and water supply of the roots
during all phases of growth and development. (This is applicable
only in the absence of salinity).

The beneficial effects of drainage and flood prevention are
many. Soil structure is improved. Aggregation of soil particles
improves conditions for aeration and water supply. The rate of in-
filtration and permeability of the soil will be improved by good
drainage and flood prevention, provided tillage is done in a proper
manner.

By lowering the water table, the water storage capacity of the
soils below field capacity will be increased. The moisture content
of the soil with proper drainage and flood prevention improvements
generally will not exceed field capacity for long periods. This will
improve conditions for traffic and more time will be available for
the necessary cultivation. The hazard of drought is reduced.

e B ——— T =

A deeper root zone makes more soil available to the plant to
supply nutrients. Fertilizers are more effective. Because of better
k| aeration conditions, aerobic nitrogen fixation, nitrification, and
b | decomposition of organic matter, with release of nitrogen and phos-

' phates, occur at a faster rate. A scil with proper water management
improvements will warm up earlier in the spring, and thus affect the
E time of planting and harvesting the crop. Tillage can be more timely
a and effective on soils with proper drainage and flood prevention im-
. provements. Less compaction will take place.

GENERAL DESCRIPTION OF DRAINAGE AND FLOOD PREVENTION STUDIES

The New Orleans and Tulsa Districts of the U. S. Army Engineers,
U. S. Department of Agriculture, and State agencies are conducting &
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comprehensive review of the Red River and tributaries from the mouth
of the Red River to Denison Dam. Improvements being considered in
relation to drainage and flood problems on flatlands include multiple-
purpose channel improvements and related structural measures; i.e.,
floodgates, erosion control structures, levee construction, etc.

On September 9,1965 representatives of the various Federal and
State agencies who were concerned with this water resource management
problem met in Shreveport, Louisiana, to consider coordinated planning
in connection with the comprehensive study. These representatives
have met periodically as a '"Drainage Work Group'" under the auspices
of the Field Coordinating Committee to consider each agency's progress
and plans for potential development.

The interest and activities in relation to drainage and flood
problems in flatlands vary widely within the limits of the Study Area.
Extensive projects have been constructed in the Arkansas and Louisiana
portion of the basin complex, while very little has been constructed
in the Oklahoma and Texas portion. Drainage and flood prevention
activity in all states has been confined mostly to the Southern
Mississippi Valley Alluvium Land Resource Area (131). The acreage
on which drainage and flood prevention improvements have been in-
stalled in the other land resource areas is only a token amount.

Drainage and/or levee districts encompass nearly all of the
Southern Mississippi Valley Alluvium LRA (131) in Arkansas and
Louisiana. There are very few such districts in Oklahoma and Texas.
Several drainage and/or levee districts of unknown status are in the
Sulphur River Basin in Texas.

The U. S. Army Engineers have improved main drainage and flood
prevention channels in Arkansas, Louisiana, and Texas. They have
authorization and plans for additional improvements.

The Louisiana Department of Public Works began an extensive pro-
gram of drainage and flood prevention improvement on flatlands in the
19L40's and continued this program in the 1950's. It consisted of
construction of main outlet channels. Most of these channels were
spaced so they would be within easy reach of the individual farm im-
provements for drainage and flood prevention.

The U. S. Department of Agriculture drainage and flood preven-
tion studies on flatlands by the Soil Conservation Service, Forest
Service, and Economic Research Service provide significant informa-
tion on interrelated land and water resource development, with regard
to location, nature, and extent of existing and potential agricultural
water management developments. Potential Public Law 566 projects for
drainage and flood prevention improvements were identified. Projects
beyond the scope of P. L. 566 were also recognized.
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Methodology

The Conservation Needs Inventory data prepared in 1958 and
updated to 1962 were used as the source for tabulation of the
flatland soils with a drainage and flood problem. This information
was developed and summarized for each county (or parish), or tributary
basin subdivision of each county (or parish).

A two-man SCS survey team consisting of an engineer and an
economist contacted USDA personnel in the four-state complex of the
Red River Basin for assistance in allocating scils with a drainage
and flood problem into the Conservation Needs Inventory watersheds
and in making necessary adjustments in the tabulated data. These
field personnel provided assistance in identifying drainage and flood
prevention improvements for 1962. Drainage and flood problem areas
were identified as to their potential for future water resource
management development. Also, these areas were examined by this survey
team to ascertain their feasibility for development.

The Economic Research Service developed crop and pasture yields
for land resource areas with inadequate drainage and flood prevention
improvements. Proper drainage and flood prevention improvements were
considered as these problems related to increased yields and returns.
Present land use and the potential land use with adequate water manage-
ment were analyzed by land resource areas and major crop distribution.
These elements of water resource management were used to evaluate the
economic feasibility. 2

Explanation of Terms

The definitions and explanations of terms used in tabular data in
this report are given as follows:

Flood Prevention on flatlands is defined as works of improvement
for the conveyance, control, and disposal of surface water caused
by abnormally high, direct precipitation, runoff from higher
elevations, and from stream overflow.

Drainage on flatlands is defined as works of improvement installed
for the purpose of removing the excess water from the plant root
zone of the scil or from the soil surface in areas where normal
precipitation, seepage, or excess irrigation water keeps the soil
too wet for the most economical agricultural production.

The Drainage and Flood Problem Area is s broad, general, more or
less contiguous area having drainage and flood problems. It may
include not only lands in need of drainage and flood prevention

for improved agricultural production, but also interspersed areas
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! not requiring drainage and flood prevention or lands not feasible
= | for drainage and flood prevention.

Soils With No Drainage and Flood Problems are generally those
soils, within the overall limits of the problem areas, that are
permeable or freely permeable, have slopes exceeding one per-
cent, and do not have a high water table.

- Soils With Drainage and Flood Problems are those soils included

E' in CNI laboratory print-out sheets in land capability subclasses
"w" and "s" which indicate that drainage and flood problems exist.
E The "w" indicates that excess water is the dominant problem. The
k- "s" indicates soil limitations within the rooting zone. This
classification is from a physical properties basis, only, and
disregards whether the use made of the soil would or would not
require drainage and flood prevention. This acreage eguals the
acreage included in the "drainage and flood problem area" minus

3 the "soils with no drainage and flood problems."

SrCAR A

3 Soils With Adequate Drainage and Flood Prevention Improvement are
- those soils with a drainage and flood problem on which adequate
channel improvement has been installed.

Soils With Inadequate Drainage and Flood Prevention Improvement
are those soils with a drainage and flood problem on which ade-~
3 quate channels have not been installed. This acreage equals the
E acreage included in the "soils with a drainage and flood problem"
: minus the "soils with adequate drainage and flood prevention im-
provement."

3 Soils With Adequate Outlets include the acreage of "soils with
inadequate drainage and flood prevention improvement' where main
outlet channels are available and can be reached by on-farm or
group channel improvements. In most cases, these will be gravity
flow channels.

Soils With Inadequate Outlets include the acreage of "soils with
inadequate drainage and flood prevention improvement" where main
: outlet channel development is beyond the scope of SCS programs.
* The acreage of "soils with adequate outlets” plus "soils with in-
adequate outlets" equals the acreage of "soils with inadequate
drainage and flood prevention improvement."

ET

On-Farm Drainage and Flood Prevention Improvement consists of
systems of farm laterals and surface field ditches, and appurte-
nant structures installed and maintained to adequately correct

the on-farm soils with a drainage and flood problem. On-farm
system components can be adequately designed and installed on
individual farms. Their functioning is not dependent on bordering
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on-farm systems, although they may require joint use of
group facilities to provide access to main outlet channels.
This acreage equals the acreage of "soils with inadequate
drainage and flood prevention improvement.'

TG T

——

Group Drainage and Flood Prevention Improvement consists
k: of lateral ditches and appurtenant structures required to
move water from on-farm systems to main outlet channels.
Installation requires integrated planning of two or more
farm owners or operators. This acreage is some percentage
of the acreage of the "soils with inadequate drainage and

3 flood prevention improvement."

- Project-Type Group Drainage and Flood Prevention Improvement

3 is that acreage of "soils with inadequate drainage and flood

4 prevention improvement" normally large enough to require

E legally organized groups to accomplish drainage and flcod
prevention.

3 Nonproject-Type Group Drainage and Flood Prevention
Improvement is that acreage of "soils with inadequate
drainage and flood prevention improvement" on which proper
channel improvement can be obtained by small, informal
groups .

Main Outlet Channels consist of gravity flow channels
serving large areas of on-farm or group drainage and flood
prevention improvement systems. The computed stage of a
stream during the storm when the drainage system is dis-
charging at the design rate determines the adequacy of an
outlet. Drainage criterias used for crops is the capacity
to remove excess rainfall from a 24-hour storm that can be

~

expected on a frequency of once in 2 toc 3 years.

Land Use refers to the use being made of the agricultural
land. There are three land uses considered in this report:
crepland, pasture, and woodland.

A Tributary Basin is a major drainage area, unlimited in
size, of the Study Area.

A Conservation Needs Inventory Watershed is defined as a
subdivision of a tributary basin amocunting tc 250,000 acres
or less.

A Major Land Resource Area is an area of broadly uniform
conditions of soils, topography, climate, and vegetation.
Land resource areas and identifying symbols included in
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this report consist of Cherokee Prairies (112), Cross Timbers
(8% and 8k4a), Grand Prairie (85), Ouachita Mountains (119),
Southern Coastal Plain (133), Southern Mississippi Valley
Alluvium (131), Southern Mississippi Valley Silty Uplands
(134), and Texas Blackland Prairie (86). The Southern Missis-
sippi Valley Alluvium LRA includes all of the Red River
alluvial area. Land resource areas in the Red River Basin are
shown in figure 2. A more comprehensive description of all
land resource areas is contained in the Upstream Watershed
Protection, Use, Management, and Development appendix.

Source of Data

The water management problem resulting from "excess water or
wetness of soil" and the problem resulting from a soils limitation
can be studied by appraising the acreages coded with the land
capability subclass identifications "w" and "s." 1/ These limita-
tion factors are groupings of individual soil mapping units, which
are adapted to the same kind of cultivated crops or pasture plants,
and that require similar management. Projects that are installed
may change the limitations in land use. Examples include establish-
ing major drainage facilities, building levees or flood-retarding
facilities, and providing water for irrigation.

The Drainage Reconnaissance Survey, 1948, and the 1965 updated
Drainage Survey Report, Texas, made by the U. S. Department of
Agriculture, Soil Conservation Service, were used as reference mate-
rial in the Drainage @ppendix. Since similar information as that
developed in the Drainage Survey Report, Texas, was not available in
other states, the 1958 Conservation Needs Inventory data, updated to
1962, were used as & common base for all states in the Study Area.
USDA personnel furnished information regarding 1962 land use and crop
distribution, average yields, and anticipated changes which could be
expected to result from project installation. Additional information
concerning soils with a drainage and flood problem in each watershed
was obtained from local SCA personnel as follows:

1. Acreage with adequate drainage and flood prevention improve-
ment

1/ Subclass "w," excess water - Soils in which excess water is the
dominate hazard or limitation in their use. Poor soil drainage, wet-
ness, high water table, and overflow are the criteria for determining
which soils belong in this subclass. Subclass "s," soil limitations
within the rooting zone - Soils that have such limitations as shallow-
ness of rooting zones, stones, low moisture-holding capacity, low
fertility difficult to correct, and salinity, or sodium.
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~—133 Major Land Resource Area Boundary and Symbol

Central Rolling Red Prairies

LA | Cross Timbers

- Cross Timbers (Granitic Soils)
Grand Prairie

88 | Texas Blackland Prairie (includes Texas Claypan Area)

- Cherokee Prairies

Ouachita Mountains (includes Ozark Highland)
Southern Mississippi Valley Alluvium
Southern Coastal Plain

134 Southern Mississippi Valley Silty Uplands

80 MILES

Figure 2
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b | 2. Acreage with inadequate drainage and flood prevention
improvement

3. Acreage with inadequate drainage and flood prevention
improvement having adequate outlets

L. Acreage with inadequate drainage and flood prevention
improvement having inadequate outlets

£ | 5. Acreage of potential on-farm drainage and flood pre-
E | vention improvement

A 6. Acreage of potential group drainage and flood preven-
' tion improvement

T. Acreage of potential group drainage and flood preven-
3 tion improvement that would need project-type improvement

8. Acreage of potential group drainage and flood prevention
improvement that would need nonprcject-type improvement

The local community interest and public opinions were considered as
they related to potential development of small watershed projects
under Public Law 566.

The acreage of soils with a drainage and flood problem as
presented in this appendix does not equal the acreage in subclass
"w" and "s" presented in the Upstream Watershed Protection, Use,
Management, and Development appendix. The reasons that these acre-
ages are not equal are:

1. Tabulations of soils with a drainage and flood problem did E
not include all soils in subclasses "w" and "s." The
respective state technical guides, giving soils on which
drainage and flood prevention improvement is recommended,
were used in selecting those soils to be included. These
technical guides do not recommend drainage and flood pre-

tn__n "_n

R vention improvement on all subclass "'w' and 's' soils.

-

kr 2. Tabulations of solls with a drainage and flocd problem as
1 developed from CNI data were used as a guide in field
| studies. Adjustments in the acreages were made when
necessary after consultation with the local Soil Conserva-
i tion Service personnel.

Drainage and Flood Problem Scope

This appendix presents results of studies and investigations
to determine the feasibility and justification of improvements for

j
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B drainage and flood prevention on the flatland areas on the main stem

i and principal tributaries of Red River below Denison Dam, exclusive

of the Ouachita-Black River. In order to present a broad view of this
study problem, soils that have a drainage and flood problem, and their
relation to the agricultural situation were considered insofar as
benefits to these purposes were incidental to the basic purpose of
land and water resource improvement and development.

R N T T R -

Soils

The dominate hazards on soils with a drainage and flood problem
include poor soil drainage, wetness, high water table, or overflow.
Also included in these soils are soils that have soil limitations
within the rooting zone. This hazard could be reduced by drainage.

i

Agricultural drainage may involve alleviation of both surface
and subsurface problems. Surface problems are those occurring on
flat or nearly flat areas of land. Subsurface problems arise from a
variety of sources. Normally, they may be considered as high water
table problems resulting from rainfall.

Although surface drainage is the predominant drainage problem in
the Study Area, there are areas where subsurface drainage is a problem.
The CNI data does not list the soils that would require subsurface
drainage. Generally, these problem areas are too small to be mapped
separately. The total acreage in the Study Area needing subsurface
drainage is relatively small in relation to the acreage needing sur-
face drainage. Areas needing subsurface drainage could be drained by
the individual farmer or through small, informal groups. Outlet
channels serving these areas would possibly need to be deeper than
normal to insure proper operation of subsurface drains.

Generally, the entire acreage of soils with a durface drainage
problem is considered to have a flood problem because the entire Study
Area is subject to periods of abnormally high rainfall. (See defini-
tions of drainage and flood prevention as given in a previous section).

Agriculture

In areas where drainage and flooding are the major physical
agricultural problems, the welfare and prosperity of the people are
almost directly proportional to the degree of adequacy with which
drainage and flood prevention works of improvement are planned, con-
structed, and maintained. Although individual efforts have been made
toward disposal of excess water for many years, few of these are con-
sidered adequate unless they supplemented organized efforts at
providing adequate outlet channels. Of approximately 4,822,400 acres
of soils with a drainage and flood problem at the present time, about
424,200 acres have adequate drainage and flood prevention improve-
ments. On some acreage in the Cherokee Prairies (112) and Southern
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Coastal Plain (133) Land Resource Areas of Oklahoma, which is
considered to have adequate drainage and flood prevention im-
provements, this has been accomplished incidentally to installation
of P. L. 566 flood prevention projects.

The main physiological effects of inadequate drainage on crop
plants are the lack of aeration. The economic effects of the
drainage and flood problem are lower returns to farmers brought
about by decreased yields for various crops and less intensive
land use due to hazards accompanying the problem.

Studies for the U. S. Army Engineers' Interim Report

A study was made in 1964 at the request of the U. S. Army
Corps of Engineers, New Orleans District, to determine the effects
that a proposed navigation project on Red River would have on
drainage and flood prevention on flatlands. Proposed navigation
pool elevations were checked against elevations of natural drains
emptying into the Red River. Investigations indicate that the
navigation project would not interfere with agricultural surface
drainage and flood prevention on flatlands in Louisiana.

The CE "Interim Report on Navigation and Bank Stabilization,"
March 1966, does not consider navigation on Red River above Shreve-
port. Preliminary investigations in the other states indicate a
need for coordination of surface drainage and flood prevention
needs on flatlands if navigation of the Red River above Shreveport
is considered in the comprehensive report. Changes in river chan-
nel alignment and permanent changes in water elevations could have
definite effects on drainage and flood problems.

Effects of proposed navigation pools on ground water table
levels were studied. Raised water tables would adversely affect
approximately 52,480 acres in Louisiana. Provisions for subsurface
drainage would need to be made in these areas. A large portion of
this acreage also will need surface drainage and flood prevention.

DRAINAGE AND FLOOD PROBLEM ON FLATLANDS

An inventory was made of the soils in the Study Area "mapped"
with a wetness condition or soil limitations within the rooting
zone that, according to SCS state technical guides, are recommended
for drainage and flood prevention improvement. There are 4,822,400
acres of soils with a drainage and flood problem located within a
total drainage and flood problem area of $,4L07,400 acres. The
585,000-acre difference represents interspersed areas of permeable
soils having no problem,
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Of the 4,822,400 acres of soils with a drainage and flood problem,
424 200 acres have had adequate improvements installed, leaving
4,398,200 acres with a problem.

The 4,398,200 acres remaining with inadequate drainage and flood
prevention improvements represent 423,200 acres of cropland, 592,200
acres of pasture, and 3,382,800 acres of woodland.

DESCRIPTION OF PROBLEM
Causes

Many factors are involved when considering the causes of drainage
and flood problems on flatlands. The fact that the lands are flat or
nearly flat causes a problem in itself. Physical properties of soils
are a prime cause of drainage and flood problems. Slower permeable
soils in connection with flat slopes magnify the problem.

Causes of surface drainage and flood problems are the main con-
cern in this appendix. These are considered together because of the
interrelationship of the two problems. The Study Area is subjected
to periods of abnormally high, direct precipitation and stream flow
making the problems more or less inseparable. (see definitions of
drainage and flood prevention in previous section).

Uneven land surface with pockets or ridges prevent or retard
natural runoff. Low capacity disposal channels within the problem
area remove water so slowly that the high water level in the channels
causes ponding on the land for damaging periods. High stages in
lakes and ponds create poor outlet conditions in some areas. Failure
to control soil erosion on the watershed causes the filling of ditches
by sediment. Lack of farm drainage and flood prevention collection
systems is a factor. Inadequate appraisals are often made of the
suitability of land for agricultural use when drainage and flood
prevention improvements are undertaken. Many times consideration is
not given to constructing drainage and flood prevention improvements
on a watershed basis.

Subsurface drainage problems arise from many causes. Flatland
tends to be poorly drained, particularly where the subsoil perme-
ability is slow. There are many wet areas where there is no evident
connection between an area of seepage, or a high water table, and the
topography of the site. High water tables may occur in slowly or
rapidly permeable soils, where the climate is either humid or arid,
and where the land is either sloping or flat.

Lack of proper maintenance of drainage and flood prevention im-
provements on flatlands is a cause of problems arising in connection
with both surface and subsurface drainage, and flood prevention.
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Extent

Drainage and flood problem areas are found in all land
resource areas in the basin complex. The Southern Mississippi
Valley Alluvium (131) and Southern Coastal Plain (133) Land
Resource Areas contain ©Y percent of the drainage and flood
problem area with the Southern Mississippi Valley Alluvium Land
Kesource Area (131) containing the greater amount.

About 90 percent of the Southern Mississippi Valley Alluvium
LRA (131) is considered to be in the drainage and flood problem
area. Interspersed within this problem area are relatively small
areas with no drainage and flood problem. These areas consist of
soils occupying the natural levee positions along rivers and old
stream courses, such as bayous and old river lakes. The areas
containing soils with a drainage and flood problem occupy an
intermediate position between the natural levees and the low
bottomland and swamp areas, and those soils which occupy positions
of lowest elevation.

Drainage and flood problem areas are found in all land re-
source areas either singly or in combination. One consists of
soils located adjacent to the natural streams. The other consists
of soils located in "hilltop flats." The latter type problem area
may occur in large, contiguous areas.

Effects

The main physiological effects of inadequate drainage and flood
prevention on crop plans is the lack of aeration in the soil. Soil
pore space is occupied by water, and is not available for air. This
condition inhibits certain bacterial action in the soil, influences
soil temperature, and prevents a proper balance in the soil of air,
water, and nutrients necessary to sustain normal plant development.
Soil structure is adversely affected and plant diseases, pests, and
parasites are encouraged.

The normal development of crops inhibited by inadequate drainage
and flood rrevention results in reduced yields. Although crop yields
vary greatly, increases ranging between 25 percent and 60 percent can
usually be expected with adequate drainage and flood prevention on
flatlands.

Other operations relating to crop production are adversely af-
fected by inadequate drainage and flood prevention. Proper land
preparation is often prevented. GSome areas will be too wet for
tillage, while other parts of a field are in optimum condition for
the operation. Planting and cultivation is delayed and the most
efficient mechanical operations cannot be carried out. Harvesting
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operations are delayed or carried out with lower efficiency. Thus,
production is affected by factors other than crop yields when con-
ditions of inadequate drainage and flood prevention on flatlands
exists. The quality of the product harvested often is lowered in
grade when these conditions exist.

Inadequate drainage and flood prevention often affect residents
in transportation to markets, schools, and other places of destina-
tion when roads are inundated. Indirect damages resulting from the
many inconveniences and extra expenses involved are attributable to
the problems of inadequate drainage and flood prevention.

INVENTORY OF PROBLEM

A drainage and flood problem inventory by land use and tributary
basin is presented in table 1. The 1958 CNI data, updated to 1962,
were used in developing the data for this table and all other acreage
tables in the appendix. Table 1 is divided into three parts: (1)
Drainsge and flood problem area; (2) Soils with no drainage and flood
problem; and (3) Soils with a drainage and flood problem.

Land use, as presented in table 1, does not have an effect on
whether or not the soil is classed as having a drainage and flood
problem. Soil mapping units were used to determine the acreages shown.
As explained in the "Source of Data'" section, those soils coded with
the land capability subclass identifications "w" and "s" indicate
soils with an excess water problem and soils with limitations within
the rooting zone. A tabulation of the soils "mapped" with land
capability subclass symbols that are recommended for drainage and
flood prevention improvement, disregarding land use, is contained in
the soils with a drainage and flood problem portion of table 1.

As explained in the "Extent" section of the description of the
problem, the soils with no drainage and flood problem are interspersed
areas of permeable soils located within the general drainage and flood
problem area. The acreage of soils with a drainage and flood problem
plus the acreage of soils with no drainage and flood problem equal the
drainage and flood problem area.

Of the 18,661,000 acres of land area in the Study Area, about
5,407,400 acres are included in the drainage and flood problem area.
Of this acreage, 585,000 acres have no drainage and flood problem and
4,822,400 acres have a drainage and flood problem.

A subdivision of the tributary basin acreages, presented in table
1, by States and land resource areas is presented in exhibit 1.

Table 1 data are summarized by land use, State, and land resource
area in table 1A. The 5,407,400-acre drainage and flood problem area
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is divided between the States as follows: Arkansas - 1,045,100
acres; Louisiana -~ 2,436,600 acres; Oklahoma - 506,700 acres, and
Texas - 1,419,000 acres. The 585,000 acres of soils with no
drainage and flood problem are divided as follows: Arkansas -
153,000 acrea; Louisiana - 327,200 acres; Oklahoma - 62,100 acres,
and Texas - 42,700 acres. The 4,822,400 acres of soils with a
drainage and flood problem are divided as follows: Arkansas -
892,100 acres; Louisiana - 2,109,400 acres; Oklahoma - 4LL 600
acres; and Texas - 1,376,300 acres.

Table 1 data are summarized by land use and land resource
area in table 1B.

ANALYSIS OF PROBLEM

An analysis of the drainage and flood problem is presented by
land use and tributary basin in table 2. The soils with a drain-
age and flood problem are divided into two categories: soils with
adequate drainage and flood prevention improvement and soils with
inadequate drainage and flood prevention improvement. Soil Con-
servation Service criteria were used in determining the acreage of
soils with adeguate drainage and flood prevention improvement. On-
farm drainage and flood prevention needs have been satisfied on
these acreages.

Land use was not a factor in determining the acreage of soils
with a drainage and flood problem, as Shown in tables 1 and 2.
Therefore, it does not affect the acreage presented in table 2 as
soils with inadequate drainage and flood prevention improvement.
The acreage of scils with a drainage and flood problem minus the
acreage of soils with adequate drainage and flood prevention im-
provement equals the remaining soils with inadequate drainage and
flood prevention improvement.

Adequate drainage and flood prevention improvements have been
installed on 424,200 acres in the Study Area. There are 4,398,200
acres remaining with inadequate drainage and flood prevention im-
provement.

A subdivision cf the tributary basin acreages, presented in
table 2, into States and land resource areas is presented in exhibit
2

Table 2 data are summarized by land use, State,and land re-
source area in table 2A. The 424,200 acres of soils with adequate
drainage and flood prevention improvement are divided as follows:
Arkansas - 46,200 acres; Louisiana - 309,300 acres; Oklahoma -
39,900 acres; and Texas - 28,800 acres. The 4,398,300 acres of
soils with inadequate drainage and flood prevention improvement is
divided as follows: Arkansas - 845,900 acres; Louisiana - 1,800,100
acres; Oklahoma - 404,700 acres; and Texas - 1,347,500 acres.
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Table 2 data are summarized by land use and land resource area
in table 2B.

Three land resource area groupings account for 95 percent of
the total area with inadequate drainage and flood prevention im-
provement. Land resource area 86 (Texas Blackland Prairie), land
resource area grouping 131 and 134 (Southern mississippi Valley
Alluvium, and Southern Mississippi Valley Silty Uplands), and land
resource area grouping 84, 84a, and 133 (Cross Timbers and Southern
Coastal Plain) represent 10 percent, 33 percent, and 52 percent,
respectively, of the total area with the problem. Acreage delinea-
tions for these LRA groupings by cropland, pasture, ana woodland are
presented in table 3.

Cropland use with regard to harvested, pastured, or not harvested
nor pastured was determined by the Economic Research Service. The
cropland and harvested cropland distributions commonly practiced in
these land resource areas were used as the basis to determine the
major crop distribution. Crop distributions are based on information
from selected counties within these land resource areas. The principal
sources of these data are the Census of Agriculture and Statistical
Reporting Service.

A complete analysis of drainage and flood prevention improvement
problems must include the effects on crops. The crop acreage delinea-
tions presented in table 3 show that the Texas Blackland Prairie
(LRA 86) had an inadequate drainage and flood prevention improvement
problem with cotton. Cotton is the major cash crop throughout this
land resource area. ;/ In addition to cotton, small grains, grain
sorghums, corn, grass, and other hay crops are also important as they
relate to this water management problem.

Land resource area grouping 131 and 134 (Southern Mississippi
Valley Alluvium and Silty Uplands LRA's) is an important cash-crop area
in the Study Area. Approximately 28,400 acres of cotton have a drain-
age and flood prevention problem. This acreage may seem small in
comparison to the total cotton acreage harvested within the Study
Area; however, it must be recognized as a potential resource develop-
ment. Large acreages of corn, soybeans, and hay are also grown in

1/ Land Resource Regions and Major Land Resource Areas of the
United States, Agricultural Handbook 296, Soil Conservation Service,
USDA, Washington, D. C., December 1965, page 38
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TABLE 3 - SOILS WITH INADEQUATE DRAINAGE AND FLOOD PREVENTION
IMPROVEMENT, BY LAND USE, AND MAJOR CROP DISTRIBUTION FOR THREE
MAJOR LAND RESOURCE AREA GROUPINGS

Red River Basin Study Area, 1962

Inadequate Drainage and Flood

Prevention Improvement 2 Study
: : : 84, 8hLa, : :  Area
Crop TSGR RT TIS L  ae 133 : Subtotal : Total
acres acres acres acres acres
] Cropland:
Harvested
Cotton 45,655 28,406 2,740 76,801 -
{ Corn 134105 16,038 3,452 32,595 -
; Grain Sorghum 11,447 501 1,163 sistoatint -
4 Soybeans - 14,802 - 14,802 -
Oats 15,984 3,499 253 19,736 -
Alfalfa 5,970 L, 162 3kl 10,476 -
Other hay 19,848 22,087 11,933 53,868 -
Total harvested 112,009 89,495 19,885 221,389 -
Pastured 32,751, 71,487 39,671 143,909 -

Not harvested &
not pastured 23,194 20,734 11,285 55 4213 -

Total Cropland 167,954 181,716 70,841 420,511 423,207
Pasture 101,557 216,341 251 431 569,329 592,170
Woodland 186,806 1,037,568 1,960,740 3,185,114 3,382,842

] Grand Total 456,317 1,435,625 2,283,012 L,174,954 4,398,219
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this LRA grouping on "w" soils. Over 161,000 acres of cropland

harvested and pastured are affected with a drainage and flood pre-
vention improvement problem.

This water management problem affects the uplands' cropland
pastured acreage to a greater extent than harvested cropland.
Acreages of cropland in tame pastures and hay crops; e.g.,
alfalfa, other hay and cropland pastured, in LRA's 84, 8ka, and
133 represent T3 percent of the harvested and pastured lands. Since
cattle grazing and hay production is an important industry in this
LRA grouping, the drainage and flood prevention improvement problem
must be recognized as it relates to the agricultural economy in the
upland areas in the entire Study Area.

Over 569,000 acres, or 96 percent, of the pasturelands having
a drainage and flood prevention improvement problem are located
in these three land resource area groupings. The problem is less
severe on the pasturelands of LRA 86 with 101,600 acres, or 17
percent, of the total basin's pasture. LRA groupings 131 and 13.,
and 84, 8lha, and 133 account for 37 percent and L2 percent, respec-
tively, of the pasture having this water management problem. All
other land resource areas' pasture amounts to only U4 percent.

DRAINAGE AND FLOOD PREVENTION DEVELOPMENT FEASIBILITY

Physical and economic factors were considered in the development
of soils feasible for drainage and flood prevention improvement.
Soils with inadequate drainage and flood prevention improvement
located at elevations that would be very difficult to correct were
not considered feasible for drainage and flood prevention improve-
ment. Land use information was developed for selected land resource
areas in the Study Area. Costs and returns from drainage and flood
prevention improvement, crop yields, technology, and production
costs have a vital part in establishing feasibility.

Generally, woodland drainage for woodland benefit is not con-
sidered feasible in the Study Area.

There are 4,398,200 acres of tlatland soils with inadequate
drainage and flood prevention improvement. Over 2,118,700 acres
are not feasible for drainage and flood prevention improvement,
while 1,279,500 acres are feasible for these types of improvements.

FACTORS AFFECTING FEASIBILITY

Physical Factors

Land use information was developed for selected land resource
areas in the Study Area by applying the average land use distribu-
tion and cropping pattern for that acreage of agricultural flatland
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found to have inadequate drainage and flood prevention improvement
under 1262 conditions. The land resource areas selected and their
groupings are: (1) Texas Blackland Prairie (86); (2) Southern
Mississippi Valley Alluvium (131) and the Southern Mississippi
Valley Silty Uplands (134); and (3) Southern Coastal Plain (133)
and Cross Timbers (84 and 8L4a). (The third land resource area
grouping is referred to as "uplands.")

These three groupings account for 99 percent of the cropland,
96 percent of the pasture, and 94 percent of the woodland soils
with inadequate drainage and flood prevention improvement.

Acreages with inadequate drainage and flood prevention im-
provement which show the estimated land uses for these selected
land resource area groupings were presented in table 3. Cropland
was further disaggregated into harvested, pastured, and not har-
vested and not pastured areas.

Harvested cropland was apportioned into the major crops by the
average basin cropping pattern for each land resource area grouping
designated above. Cotton, hay, and corn acreages are the greatest
cropland uses affected by inadequate drainage and flood prevention
improvement. Soybeans are produced on the alluvium soils only.

The drainage and flood problem limitation on soybean acreage is
surpassed only by cotton, hay crops, and corn in the alluvium
grouping.

There were acreages of soils included in the drainage and flood
prevention inventory solely because of frequent flooding. These
soils are normally permeable. Elimination of the flood problem
would eliminate the need for drainage. For this reason, these soils
are not considered in the acreage of soils feasible for drainage
and flood prevention improvement.

In the Southern Mississippi Valley Alluvium Land Resource Area
(131), soils located in "old river runs" and small "ox bow" lakes
with a drainage and flood problem were considered not feasible for
improvement. These soils are located at an elevation which would
require excessive overcutting of channels for proper functioning.
Acreages in this category were estimated by the SCS based on their
knowledge of the area. Areas frequently flooded by high stages on
Red River also were excluded from the feasible category.

Economic Factors

To evaluate the economic feasibility of drainage and flood pre-
vention improvement on flatlands, it is necessary to have both
costs and returns from drainage and flood prevention improvement.
Sufficient information to permit a complete costs and returns
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evaluation of drainage and flood prevention of land resource areas
was not available. However, some insight into the economics of

the problem can be gained by estimating the yield responses neces-
sary to cover the costs of removing this wetness, or excess water
limitation. In addition to the direct cost of drainage and flood
prevention improvement, there are usually associated costs with its
use. An example of these associated costs is the expense of har-
vesting and processing any increase in yields. Estimates of produc-
tion responses over and above associated costs for drainage and
flood prevention improvement, and associated costs for selected
crops, are presented in this analysis. This analysis does not
include enhancement and land use conversion. It is based solely on
the acreages of land with a wetness hazard.

About 3.1 million acres of land classed as needing drainage and
flood prevention improvement are classed as not economically feasible
under normalized prices and projected needs for food and fiber. The
improvement in productivity would not repay the costs of drainage
under this price structure. Should greater needs for food and
fiber become evident, it could be expected that drainage of portions
of this land would become profitable under the improved price re-
lationship.

Representative costs of structural measures for drainage and
flood prevention improvement on flatlands are presented in table k.
Installation, annual maintenance, and annual equivalent costs are
tabulated separately for cropland and pastureland. These are cur-
rently used for estimating purposes.

Crop Yields and Technology

Yield estimates for crops and pasture, both with and without
adequate drainage and flood prevention improvement, were developed
for all major land uses and crops. An average yield was determined
for each major crop within the land resource area groupings. In-
creases in yields that might be accomplished through application of
technology alone were not reflected in these data. Yields are based
on typical soils for each land resource area grouping which have a
wetness limitation in an average year with good management. However,
benefits from drainage and flood prevention improvement were cal-
culated using estimated yields with drainage and flood prevention
improvement and advanced technology. Estimates of crop and pasture
yields under the various conditions are presented in table 5 for
the three land resource area groupings.

Increase in yield can be expected from installation of drainage
and flood prevention structural measures on flatlands. These vary
widely due to soil type, crops grown, level of management, and
seriousness of excess water problem. Tables 6 and 7 present examples
of yields, production costs, and r~t returns with and without drainage
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and flood prevention measures used in development of two watershed
work plans under Public Law 566, as amended. These plans are the
Haney Creek Watershed located in Arkansas, and the Waterfall-
Gilford Creek Watershed located in Oklahoma.

TABLE 5 - AVERAGE YIELDS: INADEQUATE DRAINAGE AND FLOOD
PREVENTION IMPROVEMENT, AND ADEQUATE DRAINAGE AND
FLOOD PREVENTION IMPROVEMENT CONDITIONS WITH GOOD

MANAGEMENT AND ADVANCED TECHNOLOGY, BLACKLANDS,
ALLUVIUM-SILTY UPLANDS, AND UPLANDS

Red River Basin Study Area

: Average yields
: Inadequate drainage: Adequate drainage
Land :and flood prevention:and flood prevention
‘resource : improvement : improvement
Crops :Unit: areas : (good management) :(Advanced technology)
Corn Bu. Blacklands 32 L1
Alluvium Lo 58
Uplands 30 L3
Cotton Lb. Blacklands ee2 350
Alluvium 3Lo 575
Uplands 200 300
Soybeans Bu. Alluvium 23 34
Oats Bu. Blacklands 30 u8
Alluvium 30 53
Uplands 30 3
Gr.sorghums Bu. Blacklands 36.5 5150
Alluvium 35.0 530
Uplands 30.0 L4, o
Alfalfa Ton  Blacklands 2.l 2.k
Alluvium 263 S
Uplands 240 vl
Other hay Ton Blacklands Eed Rz
Alluvium Loy 3.0
Uplands L0 14
Pasture AUM  Blacklands 5 k.5
Alluvium L.o Sl
Uplands LS 2.4
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TABLE 6 - PER ACRE YIELDS WITHOUT AND WITH DRAINAGE

AND FLOOD PREVENTION IMPROVEMENT IN SELECTED WATERSHEDS

Red River Basin Study Area

YEIEBELDS
Haney Creek 3 Waterfall-Gilford
Watershed, : Creek Watershed,
Arkansas : Oklahoma
2 ;U Without T 0 With : Without : With
Crop 3 Umpie s Project i Projeect : FProject. :  Project
Corn Bu. - - L6 57
Cotton Lbs.Lint 360 525 L89 643
Soybeans Bu. 19 28 2 33
Oats Bu. Lo 50 - -
Gr.Sorghum Cwt. - = 8 28
Alfalfa Ton - - 350 3.5
Qats,
pasture  AUM 3.0 7.0 - -
Pasture AUM 3.0 6.5 - -
Improved
pasture  Lbs.Beef - - 21k 320

Technology as considered in this evaluation includes week and
insect control, improved varieties of seed, improved cultural
practices, the increased use of fertilizers, etc. Yield increases
which could be obtained from applied technology on flatland soils
with inadequate drainage and flood prevention improvement would be
very limited as compared with what technology would accomplish under
adequate drainage and flood prevention improvement conditions.

In general, the effect of drainage and flood prevention im-
provement will result in increased yield due to less loss at harvest,
increased effectiveness of fertilizers, more favorable growing con-
ditions, cropping of formerly idle areas, more timely field opera-
tions, and greater efficiency.

An increase in machinery efficiency can be expected due to
fewer replantings, a lesser number of farming operations, less lost
time with heavy equipment, and less maintenance due to mud and
lighter draw-bar pull.

Production Costs and Returns

Expenses involved in producing each major crop being grown in
a land resource area grouping were calculated using the "adjusted
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normalized prices." Adjusted normalized prices received for specific
commodities in the four-state area are presented in table 8.

These prices are an average for the four states; i.e., Arkansas,
Louisiana, Oklahoma, and Texas. Costs and returns estimates are
hbased on a single set of price assumptions. Individuals using

these price data may wish to refer to the "Interim Price Standards
for Planning and Evaluating Water and Land Resources'" to adjust
presented production budgets, to be more nearly accurate for a
specific situation or area.

Production cost and return data for individual crops in the
"bottomland" and "upland" soils without drainage and flood prevention
improvements and good management, and soils with drainage and flood
prevention improvements with advanced technology are presented as
exhibits 3A to 12B. Production cost data for the Texas Blackland
Prairie LRA (86) were limited. Costs and yields data for this LRA
were determined from the Texas Drainage Survey Report. Table 9 is
a summarization of the adjusted normalized costs and returns for
the major crops in the three land resource area groupings.

The crop production cost data presented in the exhibits point
up different production practices followed under conditions of
adequate and inadequate drainage and flood prevention improvement,
and these are reflected in the expenses incurred for producing a
particular crop. Additional plantings, insecticides, and other
production practices -~ either practiced by the farm operator with
drained conditions or disregarded because of wet lands - influence
the costs of production for each major crop. Hay crops, in general,
do not require replanting.

Increased yields under adequate drainage and flood prevention
improvement conditions usually are the result of added production
costs and a higher quality of land management by the operator.
Benefits from adequate drainage and flood prevention improvement
include better bacterial action, early warm-up of soil in the
spring, and makes the use of modern equipment more efficient, which,
in turn, affects production practices and costs. No changed land
use and enhancement benefits have been identified in this analysis.

In general, the effect of adequate drainage and flood preven-
tion improvement on cropland has been found to result in (1) an
increase in harvested yields, (2) an increase in machinery effi-
ciency, (3) an increase in quality of harvested crops, (i) greater

adaptability of mechanization, and (5) a shift to more valuable crops.

DRAINAGE AND FLOOD PREVENTION IN FOREST MANAGEMENT

Normally, natural forest cover developing on low, flat areas,
or on poorly drained soils is that best adapted to the site. Timber




AN Table & - Prices: Adjusted normalized for specific commodities,
Arkansas, Louisiana, Oklahoma, Texas, and 4-state average, Red River
Basin Study Area 1/

2 : : : : :L-State
i Commodity :Unit :Arkansas :Louisiana :0Oklahoma :Texas :Average 1/
E Dols. Dols. Dols. Dols. Dols.
a8 Wheat Bu. aLa2l 1.27 1.31 1531 1.29
3 Rice Cwt. 4515 L.75 - L.84 L.78
B Corn Bu. AL 1,21 Ll 1A 1.16
" Oats Bu. .68 3 .63 .68 .68
Barley Bu. .8l = .79 .84 .82
A Sorghums Bu. o AL Ratit .95 .95 1.04
4 Cotton, lint Lb. .26 > .23 .2k .2k
i Cottonseed Ton L7.0k4 L6.08 h7.04 48.00 LT.Ok
Soybeans Bu. 2.k7 2.30 D25 2,25 2.32
Potatoes Cwt. 3+.20 2559 3.20 2,87 2.95
Sweet FPotatoes Cwt. 4,52 25T 5.03 4,52 4.16
E Hay, all 2/ Ton 23.5k 2k 6k 22.66 2k.20 23.76
4 Alfalfa 2/ 3/ Ton 29.26 33.33 25.98 30.27 29.T1
3 Cattle Cwt. 18.0k 16.40 19.48 18.45 18.09
2 Calves Cwt. 22.56 23.0L 2k.00 23.04 23.16
g Sheep Cwt. 5.47 5.98 5.98 Tos 6.23
Lambs Cwt. 16.02 15,12 s Bles S Con = SO
Hogs Cwt. 15.05 1k, Lk 15505 | 15.05 189
b Commercial Broilers Lb. 13 .1k Sl .1k .1k
1 Turkeys Lb. «20 w22 .19 .20 <20
Eggs Doz. .38 Lo .30 .3k .35

Source: Interim Price Standards for Planning and Evaluating Water
and Land Resources, Interdepartmental Staff Committee of the Water
Resources Council, Washington, D. C., April 1966.

1/ Tne prices presented are an average for the four states in the basin
complex.

2/ Price of hay sold baled.

;/ Alfalfa hay price was computed by ERS, Little Rock, Arkansas.
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species adapted to such wet sites can make normal growth where the
aerated root zone is no more than 10 to 12 inches during the grow-
ing season. Some species of commercial value, such as Bald Cypress
and Tupelo Gum make best growth on ponded sites or in flowing water.

To increase drainage and flood prevention improvement on such
areas may result in unthrifty conditions or reduced growth for
species occupying such sites. Throughout almost all of the Red
River Basin Study Area where low, wet forest areas have been reason-
ably well-managed, commercial timber production is possible, and
increasingly profitable as market conditions for bottomland species
steadily improve. Under ownership dedicated to forest production,
drainage and flood prevention improvement must be justified by in-
creased return, or reduced management costs.

Where natural drainage has been altered on low-lying forest areas,
drainage and flood prevention improvements may vLe desirable or nec-
essary. Drainage and flood prevention channels filled with accumulated
sediment or obstructed by levees or highway embankments will result
in adverse and usually undesirable site changes. A forest operator
may have to improve or restore drainage and flood prevention im-
provements to maintain the desired timber species and growth rates.

In other situations where drainage and flood prevention improvement
is considered on managed forest lands, a careful study should be
made before the existing condition is altered to determine as
closely as possible the ultimate effects on the existing timber-
stand, or the potential of the new stand may result from altered
site conditions.

Research on forest drainage in the Coastal Plain has shown
benefits to drainage of wet pine land sites. Retaining desired
timber species and improving growth rates may require restoring
drainage and flood improvements which have been altered by accum-
lated sediment or cultural improvements. Sites which would benefit
from woodland drainage are so sparsely located within the Study
Area that they were not included in the inventory of soils feasible
for drainage and flood improvements. Therefore, woodland drainage
for woodland benefits is not considered feasible in the Study Area.

SUMMARY OF LAND DRAINAGE AND FLOOD PREVENTION FEASIBILITY

Drainage and flood prevention improvement feasibility by land
use and tributary basin is presented in table 10, The soils with
inadequate drainage and flood prevention are divided into two
categories; soils not feasible for drainage and flood prevention
improvement and soils feasible for drainage and flood prevention
improvement.
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As explained in the discussion of table 2, the tabulation of
acreage with inadequate drainage and flood prevention improvement is
from a soil physical property basis only. Land use has no effect on
what acreage appears in this category.

Land use and land resource area are given consideration in deter-
mining the acreages in table 10 that are feasible and not feasible for
drainage and flood prevention improvement. Feasibility is limited
mainly to the Texas Blackland Prairie (86) and Southern Mississippi
Valley Alluvium (131) Land Resource Areas. Feasibility of improve-
ment of soils with a drainage and flood problem in the Texas Blackland
Prairie (86) and Southern Coastal Plain (133) Land Resource Areas in
Texas was based on the 1965 Texas Drainage Survey Report. Exclusion
of Southern Coastal Plain (133) soils in other states, as well as
other land resource areas in all states, was based on records of
soils with adequate drainage and flood prevention improvement. Wood-
land drainage for woodland benefit is not considered feasible in the
Study Area. Any soils that are in woodland and feasible for drainage
would be feasible only if there were a corresponding change in land
use.

Of the 4,398,200 acres with inadequate drainage and flood pre-
vention improvement 3,118,700 acres are not feasible for drainage and
flood prevention improvement and 1,279,500 acres are feasible.

A subdivision of the tributary basin acreages, presented in
table 10, into States and land resource areas is presented in exhibit
13

Table 10 data are summarized by land use, state and land re-
source area in table 10A. The 3,118,700 acres of soils not feasible
for drainage and flood prevention improvement are divided as follows:
Arkansas - 648,800 acres; Louisiana - 1,091,900 acres; Oklahoma -
316,200 acres; and Texas - 1,061,800 acres. The 1,279,500 acres of
soils feasible for drainage and flood prevention improvement are
divided as follows: Arkansas - 197,100 acres; Louisiana - 708,200
acres; Oklahoma - 88,500 acres; and Texas - 285,700 acres. Table
10 data are summarized by land use and land resource area in table
10B.

APPRAISAL OF POTENTIAL FOR DRAINAGE AND FLOOD PREVENTION DEVELOPMENT

The purpose of drainage and flood prevention improvement is to
keep soils productive with a corresponding minimum soil depletion.
The greatest drainage and flood prevention improvement potential in
the Red River Basin is located in the Southern Mississippi Valley
Alluvium (131) and the Southern Mississippi Valley Silty Uplands
(134) Land Resource Areas.
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There are 807,300 acres with a potential for group drainage
and flood prevention development in the Study Area. Of this
total, there are 699,000 acres identified for potential develop-~
ment by 1980 and 108,300 acres identified for long-term potential
development.

There are 1,279,500 acres considered to have a potential for
on-farm drainage and flood prevention improvement. There are
472,200 acres of this on-farm potential on which drainage and
flood prevention improvement could be accomplished without develop-
ment of group outlets; group outlets are already in existence or
not needed in these aress.

DRAINAGE AND FLOOD PREVENTION OUTLET CHANNELS

Acreages of soils with a drainage and flood problem having
adequate outlets, as indicated under definitions, are those areas
where adequate main outlet channels are available or can be reached
by on-farm or group drainage and flood prevention improvements.
Generally, an area is considered to have an adequate outlet if the
drainage area of the project has not exceeded 250,000 acres by the
time an adequate main outlet channel (example -~ Red River) is
reached. Where this drainage area is exceeded before reaching
an adequate main outlet channel, the area is considered to have an
inadequate outlet.

There are three tributary basins with soils feasible for
drainage and flood prevention improvement in which there are in-
adequate outlets. They are Bayou Rigolette, Chatlin Lake and
Associated Area, and Sulphur River.

Preliminary investigations indicated that Bayou Rigolette and
the outlet structure at the mouth of Bayou Rigolette are inadequate.
Further studies are contemplated to determine outlet needs. Results
of these studies will appear in the Plan Formulation appendix.

The U. S. Army Engineers are presently making investigations
and planning needed drainage and flood prevention improvement of
main outlet channels in the Chatlin Lake and Associated Area.

Sulphur River between the mouth and the junction of North and
South Sulphur Rivers is inadequate. The U. S. Army Engineers have
an authorized project for channel improvement between the upper
end of Lake Texarkana and the junction of North and South Sulphur
Rivers. Sulphur River tentative development plans as a part of the
Texas Water Plan contemplate reservoir construction that would
inundate much of the area affected by this authorization. There-
fore, major modification of the USAE authorized project is likely.
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ECONOMIC FACTORS

The damages due to inadequate drainage and flood prevention
improvements in this appendix cover an appraisal of the agri-
cultural values and costs that could be expected if these water
management problems were alleviated and suitable measures in-
stalled. It was assumed that the proposed projects would
provide complete and adequate outlet facilities for both sur-
face and subsurface drainage and flood prevention of the areas
to be served by the farm and group systems projected herein.

Benefits from Increases in Crop Production

Benefits from increases in crop production expected to result
from drainage and flood prevention improvements were limited to
the increases in net crop income. Consequently, increases in
associated income such as labor income resulting from harvesting
the more abundant crop, added profits to business in the Red River
Basin derived from increased production, increased taxes resulting
from high land value, etc., were not included.

The benefits from abatement of drainage and flood damages
were the difference between the estimated net returns expected to
occur after complete drainage and flood prevention improvement in-
stallation and those estimated for existing (without project)
conditions. Estimated land uses and yields achieved with and
without project conditions were converted to terms of average
annual reduction in net incomes.

Production Responses Necessary to Cover Drainage and Flood
Prevention Improvement Costs

Budgeting of crop inputs and outputs can be used to estimate
the profitable changes in cropland land use implied by a water
management problem. In the simplest form, the results of budgeting
are approxXximations. However, some insight into the economics of
the problem can be gained by estimating the yield responses
necessary to cover the costs of removing this limitation factor.

In general, the potential benefits frcm the installation of
drainage and flood prevention improvement measures on land with
inadequate drainage and flood prevention at present, are realized
by the increase in returns from agricultural production. The
evaluation of data in table 11 has shown what the estimated net
returns are for those lands considered to have inadequate drainage
and flood prevention improvement. The assumption was followed
that all drainage and flood prevention improvements would be
installed during the time period of the comprehensive study or by
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1980 and long-term project development. Determination of the rate
and extent of installation is left to the engineers, or users of
these data. Therefore, neither the benefits nor costs of land use
conversions presented in this evaluation have been discounted for
any lag after installation of the drainage and flood prevention
facilities. The potential net returns and losses per acre due to
inadequate drainage and flood prevention improvement are summarized
in table 9 for the major crops by land resource area groupings.
Production costs and gross income are also presented in the sum-
marized table. The estimated average annual reduction in net income
in the Red River Basin from inadequate drainage and flood prevention
improvement in these three land resource area groupings (table 11)
is approximately $4.3 million. This reduction in net income from
L23,200 acres of cropland alone with inadequate drainage and flood
prevention improvement is approximately $10 per acre.

TABLE 11 - POTENTIAL NET RETURNS, DRAINAGE AND FLOOD PREVENTION
IMPROVEMENT: CROPLAND HARVESTED AND PASTURED, BY MAJOR CROPS
SELECTED LAND RESOURCE AREA GROUPINGS

Red River Basin Study Area

Damages due to inadequate drainage and
flood prevention improvement

: : 84, 8lLa,

Crop : 86 SN 133 : Total
Dollars Dollars Dollars Dollars

Harvested Cropland
Cotton 1,099,829 852,464 2,302 1,954,595
Corn 121,090 309,213 30,895 461,198
Grain sorghum 92,Lkg2 5,200 10,548 108,240
Soybeans - 3Lk9,031 - 349,031
Oats 194,365 56,649 1,437 252,451
Alfalfa 47,223 103,800 2,5k9 158551
Other hay 241,352 428,930 112,886 783,168
Subtotal 1,196,351 2,105,287 160,617 4,062,255
Pastured Zropland 72,052 90,788 50,779 213,619
Total 1,868,403 2,196,075 211,396 4 275,874

An $11 per acre reduction in net annual income from cropland
with inadequate drainage and inadequately drained flood prevention
improvement is realized in the Texas Blackland Prairie (86) grouping,

v 7

$12 in the Southern Mississippi Valley Alluvium (131) and Southern
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[ississippi Valley Silty Uplands (134) grouping, and less than
3 in the Cross Timbers (84 and 8La) and Southern Coastal Plain
(133) grouping.

POTENTIAL DRAINAGE AND FLOOD PREVENTION DEVELOPMENT

Potential group drainage and flood prevention development by
tributary basin - 1980 and long-term - is presented in table 12.
Total potential development is based on results of field investiga-
tions. Potential group drainage and flood prevention development
is subdivided into project-type and nonproject-type. Potential
project-type development by 1980 was determined after consultation
with the concerned states. The remaining project-type development
was shown as long-term potential development. Acreages of potential
project-type drainage and flood prevention development represents
specific conservation needs inventory watershed projects withkin the
tributary basins. These projects will be identified in the Upstream
Watershed Protection, Use, Management, and Development appendix.

The division of potential nonproject-type drainage and flood pre-
vention development between 1980 and long- “erm was estimated.

There are 807,300 acres with a potential for group drainage
and flood prevention development in the Study Area. Of this total,
there is a potential for project development on 596,300 acres and
a potential for nonproject development on 211,000 acres. There
are 699,000 acres identified for potential development by 1980
and 108,300 acres identified for long-term potential development.

Project-type group drainage and flood prevention development
can be accomplished by local interests with the assistance of the
Soil Conservation Service under the Public Law 566 program. Non-
project-type group drainage and flood prevention development can
be accomplished by local interests with the assistance of the Soil
Conservation Service under the Public Law 46 program. Some of this
work also could be done by other Federal or State agencies.

Data given in table 12 do not reflect acreages of soils with a
drainage and flood problem that presently have adequate channel im-
provement, but will need enlargement in the future. This need for
enlargement will be caused by changed land use in these areas. More
land is being cleared and put into production and this will increase
the rainfall runoff. This cleared acreage will need a higher de-
gree of protection than presently afforded. Some of the adequately
drained lands may require further improvement because of improper
maintenance or because of a change in standards for drainage as &
result of changing agriculture. Potential project development is
anticipated in these areas, but it is not shown in this report. The
data in this report reflect potential based on 1962 conditions.
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A subdivision of the tributary basin acreages presented in
table 12, into states and land resource areas, is presented in
exhibit 1k.

Table 12 data are summarized by state and land resource area
in table 12A. The 807,300 acres with a potential for group drain-
age and flood prevention development are divided as follows:
Arkansas - 127,000 acres, Louisiana - L68,200 acres, Oklahoma -
65,700 acres, and Texas - 146,400 acres. The 596,300 acres with
a potential for project development are divided as follows:
Arkansas - 115,300 acres, Louisiana - 393,700 acres, Oklahoma -
58,300 acres, and Texas - 29,000 acres. The 699,000 acres identi-
fied as potential development by 1980 are divided as follows:
Arkansas - 115,300 acres, Louisiana - 431,200 acres, Oklahoma -
62,900 acres, and Texas - 89,600 acres. The 108,300 acres identi-
fied as long-term potential development are divided as follows:
Arkansas - 11,700 acres, Louisiana - 37,000 acres, Oklahoma -
2,800 acres, and Texas - 56,800 acres.

Table 12 data are sumarized by land resource area in table 12B.
FARM DRAINAGE AND FLOOD PREVENTION DEVELOPMENT POTENTIAL

There are large acreages of soils with a drainage and flood
problem having a potential for on-farm drainage and flood prevention
improvement. All of the feasible acreage, 1,279,500 acres, is
sidered to have a potential for on-farm drainage and flood prevention
improvement.

No attempt was made to divide the soils with a potential for
on-farm drainage and flood prevention improvement into the 1980
and long-term potential acreages. It is expected that development
of this on-~farm potential will follow the pattern of development
of the group potential since the two are interrelated. There will
be a lag period, because group drainage and flood prevention improve-
ment is a prerequisite to installation of on-farm drainage and flood
prevention improvement.




= TABLE 12A - GROUP DRAINAGE AND FLOOD PREVENTION DEVELOPMENT POTENTIAL
R | - 1980 AND LONG-TERM - BY STATE AND LAND RESOURCE AREA ]

Red River Basin Study Area

:Total Group : :
State and :Drainage and : 5
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Exhibit 3A. - Corn: Estimated annual "adjusted normalized" costs and
returns per acre, without drainage and flood prevention improve-
ments, bottomlands soils, good management, Red River Basin Study Area

Item ¢ 3 Quantity : Price : Amount
Dollars Dollars

Production:
Corn 5 Lo 1.16 L6.40

Variable inputs:
Seed 18 .205 3.69
Fertilizer, N.P.K. & 20-20-20 .12-.10-.05 5.40
Side dress : 60 N .12 7.20
Power 3.55 1.28 L.sL
Other machinery 1.0 2.55 2.55
Total preharvest costs 23.38

Custom harvest ; 5.18 5.18
Custom shelling .06 2.4
Haul 5 .06 2.k

Total harvesting costs 9.98

Interest on operating
capital .88

Total specified costs
Returns above variable inputs
Hourly labor Hr.

Returns above variable
inputs and labor
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Exhibit 3B. - Corn: Estimated annual "adjusted normalized" costs and
returns per acre, with drainage and flood prevention improvements,
bottomland soils, advanced technology, Red River Basin Study Area

Item g AUFRGI I o Quantity : Price : Amount

Dollars Dollars
Production:
- Corn Bu. 58 3L 67.28
1 Variable inputs:
2 i Seed Lb. 16 .205 3.28
E { Fertilizer, N.P.K. Lb. 40-40~k40 .12-.10-.05 10.80
.’ Side dress Lb. 50 N 12 6.00 |
E Power Hr. 3.27 1.28 4.19 '
| Other machinery Ac. 1.0 2.38 2.38
E | Total preharvest cost 26.65
|
' Combination picker-sheller Hr. 0.5 8.88 L. L 1
Haul Bu. 58 .06 3.48
Total hervesting costs T.92
Interest on operatitg
capital Dol. 17.95 .06 1.08
Total specified costs 35.65
Returns above variable inputs 31.63
Hourly labor Hr. L. k49 1.25 5.61

Returns above variable ]
inputs and labor 26.02




Exhibit 3C. ~ Corn:
returns per acre, without drainage and flood prevention improvements,
upland soils, good management, Red River Basin Study Area

o AR kSN N 5 AR st s S S R 3

Estimated annual "adjusted normalized" costs and

Item

Price

Unit Quantity

Amount

Production:
Corn

Variable inputs:
Seed
Fertilizer, N.P.K.

Side dress
Power
Other machinery
Total preharvest costs

Custom harvest

Custom shelling
Haul

Interest on operating
capital

Total specified costs

Hourly labor

Returns above variable
inputs and labor

Total harvesting costs

Returns above variable inputs

Dollars

Dollars

Bu. 30 1,16

Lb. 20 .205
Lb. 6-12-12 .12-.10-
Lb. 50 N .12
Hr. 3.55 1.28
Ac. 1.0 2.55

Ac. 1.0 5.18
Bu. 30 .06
Bu. 30 .06

.05

34.80

4.10
2.52
6.00
4.5k
2.55
19.71

5.18
1.80
1.80
8.78

.7k
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Exhibit 3D. - Corn: Estimated annual "adjusted normalized" costs and
returns per acre, with drainage and flood prevention improvements,
upland soils, advanced technology, Red River Basin Study Area

Item + Unit : Quantity : Price : Amount 4

Dollars Dollars
Production:
Corn Bu. 43 1.16 49.88
Variable inputs: :
G/ Seed Lb. 18 .205 3.69 ;
/ Fertilizer, N.P.K. Lb. 40-40-40  .12-.10-.05 10.80
4 Side dress Lb. 50 N .12 6.00
3 Power Hr. 3.27 1.28 4.19 ]
- Other machinery Ac. 1.0 2.38 2.38 ]
@ Total preharvest costs 27.06
a
- | Combination picker-sheller Hr. 0.5 8.88 L.Lb
L | Haul Bu. 43 .06 2.58
Total harvesting costs 7.02
8 Interest on operating
| capital Dol. 18.13 .06 1.09
Total specified costs 35.17 1
Returns above variable inputs k.71 g
E | ;
Hourly labor 5.61
Returns above variable inputs 9.10
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Exhibit 4A. - Cotton: Estimated annual "adjusted normalized" costs
and returns per acre without drainage and flood prevention
improvements, bottomland soils, good management, Red River
Basin Study Area

Item : Unit : Quantity : Price : Amount

{
: Dollars  Dollars
;; Production:
E | Lint Lb. 340 .2k 81.60
b Seed Lb. 592 .02k 1h.21
k| Total 95.81
T 3
4]
= | Variable inputs:
E | Seed Lb. 70 .09 6.30
E | Fertilizer, N.P.K. Lb. 20-20-20  .12-.10-.05 5.k0
= Power Hr. L.60 1.28 5.89
E | Other machinery Ac. 1. L.75 L.75
| Herbicide Ac. .5 3.20 1.60 :
Insecticide and applica- ;
tion Ac. 1 10.75 10.75
Hired hoeing Time over LG 4,55 6.82
Total preharvest cost L1.51
Defoliate and applica-
tion Ac. A 3.70 1.48
Mechanical pick Cwt.s.c. 9.8 3.10 30.38 3
Haul, gin, wrap Cwt.s.c. 9.8 Tl 10.88
Total harvesting cost L2.7h4
Annual interest on capital Dol. 27.00 .06 1.62 E
Total specified costs 85.87 ;
Returns above variable inputs 9.9k
j Hourly labor 7.15
|
k| Returns above variable
{ inputs and labor 2.79
1
i
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Exhibit 4B. - Cotton:

Estimated annual "adjusted normalized" costs
and returns per acre, with drainage and flood preventioun improve-
ments, bottomland soils, advanced technology, Red River Basin

Study Area
Item Unit Quantity : Price : Amount
Dollars Dollars
Production:
Lint Lb. 575 .2k 138.00
Seed Lb. 1001 .02k 2k.02
Total 162.02
Variable inputs:
Seed Lb. 65 .09 5.85
Fertilizer, N.P.K. Lb. 28-28-28 .12-~,10-.05 T.56
Power Hr. h.1kh 1.28 5.30
Other machinery Ac. Ik 5.54 5.5k
Herbicide Ac. 1 3.20 3.20
Insecticide and applica-
tion Ac. i 1k.05 1k.05
Hired hoeing Time over 1.25 4,55 5.69
Total preharvest costs 47.19
Defoliate and applica-
tion Ac. il 3.70 3.70
Mechanical pick Cwt.s.c. 16.5 3.10 51.15
Haul, gin, wrap Cwt.s.c. 16.5 1.11 18.32
Total harvesting costs 1327
Annual interest on capitul Dol. 31.01 .06 1.86
Total specified costs 122.22
Returns above variable inputs 39.80
Hourly labor T.00
Returns above variable
inputs and labor 32.80
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Exhibit 4C. - Cotton: Estimated annual "adjusted normalized" costs
and returns per acre, without drainage and flood prevention improve-
ments, upland soils, good management, Red River Basin Study Area

- ! Item : Unit : Quantity : Price : Amount
| Dollars Dollars
Production:
Lint Lb. 200 2k 48.00
! Seed Lb. 348 .024 8.35
i y Total 56.35
f Variable inputs:
k| Seed Lb. 38 .09 3.k2
! Fertilizer, N.P.K. Lb. 50-0-0 .12-,10-.05 6.00
| Power Hr. k.6 1.28 5.89
Other machinery Ac. 1.0 L.75 L.75
Herbicide Ac. 55 3.20 1.60
Insecticide and applica-
tion Ac. 3Ls 5 10.75 5438
Hired hoeing ; Times over 1.0 4,55 L.55
Total preharvest costs 3159
1 Defoliate and applica-
tion Ac. o 3.70 1.48
Mechanical pick Cwt.s.cc 5.7 3.10 17.67
Haul, gin, wrap CWteSeCe s ol A 6.33
Total harvesting costs 25.48
: Annual interest on capital Dol. 22,11 .06 1,33
Total specified costs 58.40
Returns above variable inputs -2.05
Hourly labor Tel5

Returns above variable
inputs and labor -9.20
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Exhibit 4D. -~ Cotton: Estimated annual "adjusted normalized"
costs and returns per acre, with drainage and flood prevention
improvements, upland soils, advanced technology, Red River Basin

Study Area
l Item : Unit : Quantity : Price : Amount
E { Dollars Dollars
* 1
%i Production:
E | Lint Lb. 300 .2k 72.00
- | Seed Tbe. 522 .024 12.53 3
/| Total 84.53 i
: Variable inputs: {
b | Seed Lb. 35 .09 3.15 1
E | Fertilizer, N.P.K. Lb. 60-0-0 .12-.,10-.05 T.20
Power 155 L.1y 1.28 5.30
Other machinery Ac. 1 5.5L4 5.54
Herbicide Ac. 1 320 3.20
F, Insecticide & application Ac. ak 1L.05 14.05
- Hired hoeing Times over 1.25 4,55 5.69 ]
3 Total preharvest costs 44,13 3
! Defoliate & application Ac. il S0 3.70
Mechanical pick Cwt. s.c. 8.6 3.10 26.65 ;
Haul, gin, wrap Cwt. s.c. 8.6 IELal5h 9.55 1
Total harvesting costs 39.91
Annual interest on capital Dol. 30.89 .06 1.85 1
Total specified costs 85.89
Returns above variable inputs - 1.36
’é Hourly labor T.00
{
b’; Returns above variable inputs & labor - 8.36
5
i
1
3
' !
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Exhibit S5A. - Soybeans: Estimated annual "adjusted normalized"
costs and returns per acre without drainage and flood prevention
improvements, bottomland soils, good management, Red River
Basin Study Area

Item : Unit : Quantity : Price : Amount
Dollars Dollars

Production:
Soybeans Bu. 23 2.32 53.36
Variable inputs:
Seed Bu. T3 L4.60 5.98
Fertilizer, N.P.K. Lb. 5-20-20 J12-,30-.05  3.60
Power Hr. 19556 1.28 2.00
Other machinery Ac. 1.0 1,44 1.4k :
Total preharvest costs 1802 ~
:
Combine Hr. i 6.84 3.42 ;
Haul Bu. 23 .09 2.07 i
Total harvesting costs 5.49
Annual interest on capital Dol. {fiotent .06 R .
Total specified costs 18.98
Returns above variable inputs 34.38 :
Hourly labor 2.67 4
9 Returns above variable ]
i inputs and labd® L. 71 j
F 1
kol
5
L |
3
1
b 1
| | ’
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Exhibit $B. - Soybeans: Estimated annual "adjusted normalized" costs
and returns per acre, with drainage and flood prevention improve-
ments, bottomland soils, advanced technology, Red River Basin

; Study Area
1
?
il Item doolndt o Quantity i Price. @ Amount
: Dollars Dollars
5 1 Production:
- i Soybeans Bu. 34 2.32 78.88
o
fe | Variable inputs:
2 Seed Bu. e L.60 5.52
il Fertilizer, N.P.K. Lb. 0-20-30 .12-.10-.05 3.50
A Chemicals (Toxaphene) Lb. 5 .08 )
i | Power Hr. 455 1.28 1.98
3 Other machinery Ac. 1.0 1.40 1.k0
! i Total preharvest costs 12.80
Combine By 045 6.84 3.k2
Haul Bu. 3k .09 3.06
Total harvesting costs 6.48
Annual interest on capital Dol. 7.68 .06 46
Total specified costs 19.74
Returns above variable inputs 59.14
Hourly labor 3.85 5
Returns above variable .
inputs and labor 55.29
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Exhibit 5A. - Soybeans: Estimated annual "adjusted normalized"

f costs and returns per acre without drainage and flood prevention
improvements, bottomland soils, good management, Red River

Basin Study Area

Item : Unit

Quantity Price Amount
Dollars Dollars
£ | Production:
b | Soybeans Bu. 23 2.32 53.36
| Variable inputs:
Seed Bu. 1.3 4 .60 5.98
Fertilizer, N.P.K. Lb. 5-20-20 .12-.10-.05 3.60
Power Hr. 1.56 1.28 2.00
Other machinery Ac. 1.0 1.k 1.k
Total preharvest costs 13.02
Combine Hr. 5 6.84 3.2
Haul Bu. 23 .09 2.07
Total harvesting costs 5.49
Annual interest on capital Dol. T8 .06 R
Total specified costs 18.98
Returns above variable inputs 3L.38
= Hourly labor 2.67
Returns above variable
inputs and labor 31.71
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ol Exhibit 6A. - Grain Sorghum: Estimated annual "adjusted normalized"
costs and returns per acre, without drainage and flood prevention
improvements, bottomland soils, good management, Red River Basin

Study Ares
| Item : Unit Quantity : Price : Amount
| Dollars Dollars
g‘f Production:
| Grain sorghum Bu. 35,0 1.04 36.40
' Variable inputs:
Seed Lb. 12.0 .129 de55
Fertilizer, N.P.K. Lb. 45-0-0 .12-.10-.05 5.40
Weedspray {custom) Ac. 1.0 2.00 2.00
Power Hr. 3.27 1.28 4.19
Other machinery Ac. 1.0 2.73 2,13
Total preharvest costs 15.87
Combine Hr. 05 6.84 3.k2
Haul ] Bu. 35.0 .06 2.10
Total harvesting costs 52
Annual interest on capital Dol. SLLSITT) .06 67
Total specified costs 22.06
Returns above variable inputs 14.34
Hourly labor 3.20
Returns above variable
inputs and labor il

Atk e b coaamanhe oo oo oy ol




> i le St A S L A 2 il i3 TS NN

Exhibit 6B. - Grain Sorghum: Estimated annual "adjusted normalized"
: costs and returns per acre, with drainage and flood prevention
& improvements, bottomland soils, advanced technology, Red River
Basin Study Area

i Item : Unit : Quantity : Price : Amount

| Dollars Dollars
A} Production:

* Grain sorghum Bu. 53.0 1.04 L
Variable inputs:

Seed Lb. 1.0 .129 1.42

Fertilizer, N.P.K. Lb. 25-50~-25 .12-.10-.05 9.25

Side dress, N Lb. 32.0 .12 3.8L4

Insecticide (50% DDT) Lb. 2.0 .65 1.30

Power Hr. 3.25 1.28 4.16

Other machinery Ac. 1.0 2.73 2.73

Total preharvest costs 22.70

Combine Hr. 0.5 6.84 3.42

Haul Bu. 53.0 .06 3.18

Total harvesting costs 6.60

Annual interest on capital Dol. 15.89 .06 .95

3 Total specified costs 30.25

Returns above variable inputs 24,87

Hourly labor 3.35

Returns above variable
inputs and labor 21.52
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Exhibit 6C. - Grain Sorghum: Estimated annual "adjusted normalized"
costs and returns per acre, without drainage and flood prevention

improvements, upland soils, good management,

Red River Basin

Study Area
Item : Unit : Quantity Price Amount
Dollars Dollars
Production:
Grain sorghum Bu. 30.0 1.0k 31.20
Variagble inputs:
Seed Lb. 13.0 .129 1.68
Fertilizer, N.P.K. Lb. 40-0-0 .12-.10~.05 k.80
Weedspray (custom) Ac. 1.0 2.00 2.00
Power Hr. 3.27 1.28 L.19
Other machinery Ac. 1.0 2.73 2.73
Total preharvest costs 15.k0
Combine Hr. 0.5 6.84 3.42
Haul ) Bu. 30.0 .06 1.80
Total harvesting costs 5.22
Annual interest on capital Dol. 10.78 .06 .65
Total specific costs 21.27
Returns above variable inputs 9.93
Hourly labor 2.97
Returns above variable
inputs and labor 6.96
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Exhibit 6D. - Grain Sorghum: Estimated annual "adjusted normalized"
costs and returns per acre, with drainage and flood prevention
improvements, upland soils, advanced technology, Red River Basin

Study Area
Item : Unit : Quantity : Price Amount
Dollars Dollars
Production:
Grain sorghum Bu. LL.o 1.0k 45.76
Variable inputs:
Seed Lb. 12.0 .129 1.55
Fertilizer, N.P.K. Lb. 25-50-25 .12-.10-.05 9.25
Weedspray (custom) Ac. 1.0 2.00 2.00
Power Hr. 3.25 1.28 4,16
Other machinery Ac. 1.0 2.73 2.73
Total preharvest costs 19.69
Combine Hr. 0.5 6.84 3.k2
Haul Bu. k.o .06 2.6k
Total harvesting costs 6.06
Annual interest on capital Dol. 13.76 .06 .83
Total specified costs 26.58
Returns above variable inputs 19.18
Hourly labor 3.15
Returns above variable
inputs and labor 16.03
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Exhibit 7A. - Oats: Estimated annual "adjusted normalized" costs
and returns per acre, without drainage and flood prevention
improvements, bottomland soils, good management, Red River
Basin Study Area

Item 2 : Quantity : Price : Amount

Do.lars Dollars

.‘i
2
;! Production:
b J Corn Bu. 30 .68 20.40
I}§ Viriable inputs:
& Seed Bu. 3.0 1.59 L.77
| Fertilizer, N.P.K. Lb. 48-0-0 .12-.10-.05 5.76
| Insecticide (Toxaphene) Lb. 12.0 .078 .94
Insecticide application Ac., 1.0 .76 .16
, Power Hr. 1.91 2.00 3.82
1 Equipment operation Ac. 1.0 L.8h L. 8k ]
E Total preharvest costs 20.89
Combine : Huet 0.5 6.35 3.18
Hauling Bu. 30 .06 1.80
: Total harvesting costs L.98
Interest on operating ;
capital Dol. 1L4.60 .06 .88 :
Total specified costs 26.75 1
Returns above variable inputs -6.35 ;
Hourly labor 1.82 1
Returns above variable
| inp ts and labor -8.17
i ,
* ]
A 3
k|
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Exhibit TB.- Oats: Estimated annual "adjusted normalized" costs
and returns per acre, with drainage and flood prevention improve-
ments, bottomland soils, advanced technology, Red River Basin

Study Area
{ 3 : : S
E | Item : Unit : Quantity : Price : Amount
.T} Dollars Dollars
# |
_1§ Production:
: Oats Bu. 53 .68 36.04
¥ Variable inputs:
- Seed (for grain only) Bu. 2.5 1.59 3.98
1 Fertilizer, N.P.K. Lb. 10-20-10 .12-.10-.05 3.70
i Side dress Lb. 32 N J2 3.84
‘ Insecticide and applica-
tion Ac. 1.0 1L 0) 1.70
Tractor operation Hr. 2.13 2.00 4.26
Equipment operation Ac. 1.0 1.54 1.54
Total preharvest costs 19.02
Combine Hr. 0.5 6.1k 3.0T
: Hauling Bu. 53 0.06 3.18
3 Total harvesting costs 6.25
. Interest on operating
: capital Dol. 12.24 0.06 S5
Total specified costs 26.00
Returns above variable inputs 10.04
Hourly labor 2.02

Returns above variable
inputs and labor 8.02
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Exhibit TC. - Oats: Estimated annual "adjusted normalized" costs
and returns per acre, without drainage and flood prevention
improvements, upland soils, good management, Red River Basin
Study Area

Item : Unit : Quantity : Price : Amount
Dollars Dollars

t roduction:
Oats Bu. 30.0 .68 20.Lk0
Variable inputs:
Seed Bu. 310 1.59 L. 77
Fertilizer, N.P.K. Lb. 10-20-10 .12-.,10-.05 310
Insecticide and applica-
tipn Acit 1.0 1.70 1.70
Power Hr. 1.91 2.00 3.82
Other machinery Ac. 1.0 4.50 L.50
Total preharvest costs 18.L49
Combine operations Hr. @5 6.1k 3.07
Haul Bu. 30.0 .06 1.80
Total harvesting costs ; L.87
Interest on operating
capital Dol. 12.94 .06 .78
Total specified costs 24,1k
Returns above variable inputs =3.7h
Hourly labor 1.82

Returns <ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>