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PREFACE

On November 28, 1934, the National Resources
Board submitted to the President, in accordance with
in Executive order, its report on National Planning
and Public Works in Relation -to Natural Resources
and Including Land Use and Water Resources. Part
ITI of that report was the Report of the Land Planning
Committee. In the course of preparing part II of
the above report a large volume of basic data and infor-
mation was collected which could not then be included.
The publication of the present report is for the purpose
of making such data and information available to
interested persons and organizations,

The present land report has been organized into 11
parts according to subject matter and the contributing
agencies. These 11 parts are made available as 11
separate publications. Organization and publication
on this basis was done because many persons and
agencies are interested only in certain parts of the
present report, and the necessity of purchasing the
whole report in order to obtain the desired part or
parts is thereby eliminated.

The present land report, when conceived as a whole,
does not purport to be a complete work on the subject

£ land -utilization, or of its related problems and pro-
posed lines of action; neither is it designed to be a thor-
oughly integrated piece of work. The primary aim
here has been to set forth the facts, analyses, and the
recommended lines of action as developed by each of
the various contributing governmental bureaus, divi-
sions, sections, or individuals, on the problems with
which each of such agencies or persons is concerned.
The points of view are, therefore, those of the con-
tributing agencies or individuals themselves. The
Lend Planning Committee presents the report as

information, but assumes no responsibility for the
opinions expressed in it,

This report was prepared under the direction of
Dr. L. C. Gray, director of the Land Section of the
National Resources Board, aided by John B. Bennett,
who served as administrative assistant and as secre-
tary to the Land Planning Committee. Editing and
preparation of the report for publication were under the
direction of Mr. H. H. Erdmann, agricultural economist
of the Land Section, National Resources Board.

Authorship by agencies and individuals is acknowl-
edged in their respective contributions. The follow-
ing governmental agencies have contributed to the
whole report: The Geological Survey, the Division
of Grazing Control, the Office of Indian Affairs, the
National Park Service, and the Bureau of Reclamation,
in the United States Department of the Interior; and
the Bureau of Agricultural Engineering, the Biological
Survey, the Bureau of Chemistry and Soils, the Forest
Service, the Soil Conservation Service, the Weather
Bureau, the Divisions of Land Economics, of Farm
Management and Costs, and of Farm Finance in the
Bureau of Agricultural Economies, and the Land
Policy Section, the Production Planning Section, the
Import-Export Section, and the Agricultural-Indus-
trial Relations Section of the Division of Program
Planning of the Agricultural Adjustment Administra-
tion in the United States Department of Agriculture.
Credit also is due to the State agricultural experiment
stations and extension services, State planning boards,
comumissions, and other State organizations and indi-
viduals for aid in preparation of several sections of the
report.
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M. L. WiLson, Chairman.
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W. G. MENDENHALL
H. H. BeENNETT.
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JacoB BAKER,
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SECTION I
EXTENT OF LAND USE UNDER IRRIGATION*

Introduction

As one of the important items of inventory of na-
tional resources the Land Use Section is concerned
with irrigated lands, both present and potential, in
the 17 Western States. For it, the Bureau of Agri-
cultural Engineering of the United States Department
of Agriculture undertook to obtain the following data:

1. Present irrigated area.

2, Ultimate area susceptible of irrigation.

3. Water supply in its relation to the irrigated area.

4. Duty of water.

5. Grazing and other lands and their relation to
irrigation.

Authorization for the collection of these data was
granted August 17, 1934, with October 1 set as the
date for a report. This allowed some 6 weeks to
collect data, map the present and ultimate areas,
tabulate the data in terms of stream basins, and
write & report covering two-fifths of the area of the
Nation. A summary report was submitted October 1.
The statistics given therein have been elaborated in
this more complete report, for the preparation of
jwhich more time was available and which includes
much data not in the hands of the author when the
time limitation compelled closure of the summary.

Obviously, the important data were items num-
bered 1 and 2 above, which called for map delineations
of location and relative extent, and tabulations of
acreage to show cost classification for the ultimate
ares, susceptible of irrigation (hereinafter called the
‘“potential” area, for the sake of brevity). The cost
classification has reference to the urrigation systems
alone; it does not include expenses borne by individual
farmers in preparing land for irrigation and building
farm ditches and small structures.

As California is the only State for which a map had
been made showing the various areas, it was fully
understood that both the accuracy of mapping and
the definiteness of statistics would vary somewhat
for the several States. It was decided that uniformity
would not be insisted upon as it could be based only
on the weakest available data. Each State was
therefore considered as a separate unit with respect
to definiteness of both mapping and tabulation. For
many of the States data were mapped for the first

* Propared by Fred O. Scobey, senior irrigation engineer, Divislon of Irrigation,
Bureat of Agricultural Engineering,

time; hence this survey should be considered as a
reconnaissance only and subject to continuous future
modification, correction, and elaboration. With but
2 or 3 days allowable to each State, it was obviously
impossible accurately to adjust conflicting data sub-
mitted by various authorities, and it was decided to
hold the text matter to an absolute minimum, the
essential data being pictured on the map and listed
in the tables.

The 17 Western States: This term has been used so
long in irrigation discussions in the West that it can
appropriately be used here. Arranged alphabetically,
the 17 States comprise Arizona, California, Colorado,
Idaho, Kansas, Montana, Nebraska, Nevada, New
Mexico, North Dakota, Oklahoma, Oregon, South
Dakota, Texas, Utah, Washington, and Wyoming.
These States do not include all of the irrigated areas
west of the Mississippi River, for both Arkansas and
Louisiana contain large areas devoted to rice irriga-
tion. Both latter States receive heavy precipitation,
however, and are usually associated with the Middle
West and not with the 17 States named above.

Crop agriculture of Arizona, California, Colorado,
1daho, Montana, Nevada, New Mexico, Utah, and Wy-
oming is usually considered in terms of irrigation, al-
though there are scattered areas of grain and forage
crops, large in total, that are watered by natural precipi-
tation alone, The coast States of California, Oregon,
and Washington have zones west of the Coast and
Cascade Mountains where irrigation is merely supple-
mentary to natural precipitation, although even there
the increases in yields which may be brought about
by irrigation are awakening & wider interest in irriga-
tion supplies for use in the drier months of the year.
East of the Coast Range in California and east of the
Cascades in Oregon and Washington irrigation is
thought of in the same terms as in the Mountain
States listed as wholly dependent upon irrigation.
The eastern tier of States—North Dakota, South
Dakota, Nebraska, Kansas, Oklashoma, and Texas—
includes a midway zone where irrigation might be
used to advantage in excessively dry years, such as
1934, and where in most years the yields of truck
crops would be improved by supplementary irrigation;
but in the eastern portions of those States the rainfall,
as a rule, is such as to permit farming to be conducted

without irrigation.
1
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Definitions of Terms

_ Present Irrigated Area: In mapping irrigated lands,
the usual practice throughout the West is to blanket
the areas included within the exterior boundaries of
constructed enterprises as showing the area irrigated at
present. It is always in excess of the area irrigated in
any one year, as would be assumed in most cases from
comparison of the map with the figures in the second
column of table I, which show the areas actually irri-
gated in 1929. In the third column of the same table
the areas which the systems were capable of supplying
with water in 1930 are shown. Both items were tabu-
lated as part of the report of the Federal census of 1930.*
Since there has been but little construction by which
new lands have been placed under irngation since 1930,
it is reasonable to assume the figures obtained in the
census as indicative of the area under present irrigation.

Ultimate Area Susceptible of Irrigation: These lands
have come to be quite generally referred to as poten-
tially irrigable, or “potential.” The areas shown on
the map and listed in tables I and II are, as a rule,
blanket areas covering larger portions of the map than
the figures indicate. Some 30 to 40 percent of the
blanket area is usually excluded from the final irrigation
project because of rough topography, poor soil, and
other physical reasons. In all cases where possible,
the acreage shown represents a reduction of the blanket
area to what is usually termed “the net irrigable area.”
When the lands are finally placed under irrigation it is
found that water is required for 75 to 80 percent of
these net irrigable areas to form the net irrigated area
for any one year.

Stream Basins: So far as practicable, the tabulation
of data has been carried out to follow the scheme set
up in the reports of the Federal irrigation census of
1930. 'Thus, the figures in the second and third col-
umns are taken directly from the census reports, and
the figures for potential and ultimate areas are listed
for the same subdivisions of stream basins.

Potential Lands as Shown on the Map: These areas
should not be understood to be mapped exactly, either
as to location or extent. Some of them are offered as
the result of definite engineering surveys, and in a few
_"Imeﬂnition of *'area irrigated” applied cnly to the census year (1929).
but was intended to cover all land then irrigated regardless of the nature or degres of
sufficlency of the Irrigation. The irrigation schedule carried the following definition:
“Land should be classed as irrigated which has water supplied to it by artificial
means or by seepage from cansls, reservolrs, or Irrigated lands, but land which has
patural ground water sufTlcfantly near the surface to support plant life should not ba
classed as itrigated. Land which Is flooded during high-water periods should be
classed as Irrigated if water Is caused to flow over it by dams, canals, or otherwise,
but shonld not be classed as Irrigated If the overflow is due to natural catses alone,”

Of the total area reported es irrigated in 1929, about 25 percent was jn Jand from
which no crops were harvested, representing mostly irrigated pasture.

T'he census *area enterprises were capable of supplying with water® related to the
year 1030, The figure was based on estimates by those controlling the irrigation
enterprises involved, and represented *the area which the constructed works and

tho controlled and normally available water supply could serve, regardless of whether
or oot the Iand was farmed in the census year."
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cases plans for new irrigation projects have reached the
paper projection state and fairly complete estimates of
cost have been made. However, there are many areas
for which no definite surveys have been made and
projects involving them are known to exist only in
uncertain terms as to location and extent. For many
potential areas the ultimate extent will be governed by
the water supply available at the time of construction
and the degree to which this water supply is equalized
by means of reservoir storage. For many areas all the
potential lands shown within any one stream basin
cannot be reclaimed without a coordinated plan con-
trolled by governmental authority, either State or
National. An assured forecast cannot now be made as
to what localities will be developed first and acquire
prior rights to the use of the waters of the streams,
perhaps definitely killing the prospects of competitive
areas which have not reached construction stage.

In table II is indicated the total amount of water
that would satisfy the net irrigation requirement of the
present and potential lands. If detailed studies of the
water resources available to any particular area indi-
cate that there is a sufficiency of supply to satisfy this
total requirement, then there is possibility of the
reclamation of most of the land. If, however, detailed
studies show that the water supply, modified by all
feasible reservoir conservation, is still deficient, then
the total area must be reduced in extent or water from
other stream basins must be imported for use in the
deficient area.

Duty of Water: Fortunately, the Department of Agri-
culture has published a series of recent bulletins showing
the irrigation requirements of practically all the areas
included in this survey. “Duty of water”, which can
be discussed in many terms, was investigated as a net
water requirement under the best and most complete
usage that might be assumed in a study of maximum
ultimate possibilities. Investigations were made and
reports written by the late Dr. Samuel Fortier, then
principal irrigation engineer in the Division of Irriga-
tion of the Bureau of Agricultural Engineering,* who
was eminently equipped for the task by long associa-
tion with irrigation practices and intimate knowledge
of all the experimental and investigational data which
existed at the time, bearing on the use of water in irri-
gation in various State and Federal records. Within
each major region smaller areas were blocked off and -
assigned definite ‘‘irrigation requirements” after con-
sideration of all the experimental data available. As
these smaller areas were not separated in terms of
stream basins, it has sometimes been necessary in the
present study to revise the Department’s figures to the

* In preparing some of these publications Dr. Fortier was assisted by Arthur A.

Young, irrigation engineer, Divislon of Irrigation, Bureau of Agricultural Engineer-
Ing.
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extent of setting up a reasonable average to apply to
the whole stream basin involved in specific considera-
tions. (See table II, p. 26.)

The irrigation requirements listed in table II are
usually much smaller than the amounts which must
be diverted from the streams or other sources of supply,
although they take account of the fact that much water
used on many projects becomes available for reuse
either as return flow to the stream basin or as under-
ground water available for recovery by pumping. As
a matter of fact, in areas in California and Arizona,
where very high use is made of a given available flow
of water, the practice is general of irrigating by surface
supply and by recovery of ground water by pumping.
This pumping development controls the water table so
that drainage problems do not become acute. It also
makes available additional water for irrigation in many
localities where the natural flow of the streams has
been reduced to a point at which the supply is deficient
for the irrigated area, say, after July 1 or 15. The
“net water requirement” as used in this report is ap-
proximately the same as *the consumptive-use duty of
water,”

Supplementary Irrigation and Supplementary Supply:
These terms are sometimes confused. Supplementary
irrigation is essentially artificial irrigation available in
dry periods in regions where the natural precipitation
will mature a crop of sorts. Often such irrigation, sup-
plementing the natural precipitation, is used during
all seasons, especially by truck farmers, as the addi-
tional yield obtained is commensurate with the cost
involved,

Supplementary supply is usually considered as reser-
voir or ground water storage to be held as o reserve
until natural stream flow has passed its peak and is
insufficient for the areas commanded by the stream.

Waters of the Colorado River Basin: This basin is
important in the present and potential irrigation activi-
ties of seven of the Western States, and mention of the
agreement developed by interstate compact, bearing
on the proposed distribution of water, is necessary.

Of the seven States included in the Colorado River
Basin only Arizona has failed to ratify an agreement
which includes terms essentially as follows: The total
annual flow of the stream, assumed to be at least
15,000,000 acre-feet per annum, is allocated in two
equal parts to the Upper Basin States of Wyoming,
Colorado, Utah, and New Mexico and the Lower
Basin States comprising Arizona, Nevada, and Cali-
fornia, but with permission being given the Lower
Basin States to increase their beneficial consumptive
use by 1,000,000 acre-feet per annum. However, the
compact containing this provision did not assume to
divide the water further between the individual States.
In 1934 the United States Bureau of Reclamation be-

144090—36-—2
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gan a survey of the whole Colorado River Basin in
order to locate the present and potential irrigated lands
that might be commanded by this stream or its tribu-
taries. It is proposed that the Bureau’s survey shall
form & basis for procedure in allocating the waters of
the two basins to the individual States, or in allocating
part of it and leaving the balance for future distribu-
tion. As to the exact amount of water that shall be
allowed to flow on down the Colorado below Yuma
and be available for the irrigation of lands in Mexico,
there has as yet been no definite determination. Under
the agreement, *if the United States of America shall
hereafter recognize in the United States of Mexico
any right to the use of any waters of the Colorado River
System, such waters shall be supplied first from the
waters which are surplus over and above the aggregate
of the quantities specified” in the allotment to the
Upper and Lower Basin States, “and if such surplus
shall prove insuflicient for this purpose then the burden
of such deficiency shall be borne equally’’ hy the two
basins.

Grazing and Other Lands and Their Relation to Irri-
gation: Detailed data on this item were not obtain-
able within the time that could be devoted to any one
State. In most of the States little or no information
exists in terms of definite acreage, at least so far as the
valley and desert areas are concerned. An examina-
tion of the ‘“Natural Land Use Areas” map of the
United States indicates that the description of western
areas in terms of grazing is truly applicable. It is a
general practice in the West to drive cattle and sheep
into the higher mountain areas in the early spring and
return them to the lower altitudes in the fall. Much
of the areas covered by summer grazing of these animals
lies in the national forest reserves, and the location and
extent of such grazing areas are better known to the
Department of Agriculture than grazing areas in the
lowlands which lie outside the forests though constitut-
ing part of the public domain.

Sources of Data and Acknowledgments*

As stated before, the Federal census of irrigation {or
1930 was accepted for the areas irrigated in 1929 and
for the areas which the existing systems were capable
of supplying with water in 1930. This Iatter item
approximates the present irrigated land as pictured on
the map. The areas susceptible of irrigation—the
potential lands shown on the map—were determined
on the basis of estimates received from many sources.
The Denver office of the United States Bureau of
Reclamation furnished maps showing that Bureau’s
major and secondary projects. The Bureau of Indian
Affairs, through its supervising engineers located at

*Superior nurmbers refer to list of publications under ** Bources of Irrigation Data,”
appendis,
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various western headquarters, supplied maps of the
Indian reservations showing the lands now irrigated
and the potential nreas.

Since 1927 the United States War Department,
through its Corps of Engineers, has been investigating
many of the major watersheds west of the Mississippi
River. For the Columbia River Basin and streams
emptying into the North Pacific Ogean, the Portland
office supplied published reports for the following
strenms: Chehalis, Columbia and minor tributaries,
Coquille, John Day, Green, Puyallup, Snake, Sno-
homish, and Willamette. The Kansas City office
supplied published reports on the following streams:
Arkansas, Missouri, Niobrara, Osage, Republican, and
White and Bad; and advance sheets for the main stem
of the Missouri, and for the Yellowstone and Platte.
The Memphis office supplied advance sheets for the
Canadian and Cimarron Rivers of Kansas and Okla-
homa. Since the Ariny reports are based on very
recent investigations covering a long period of years,
the potential areas located in these reports were
accepted with but little medification.

The United States Geological Survey, through its
Water Resources Branch, has made exhaustive studies
of the basin of Snake River %, of Green River and its
utilization *°) and of the upper Colorade River and its
utilization #. The study of the Snake was made so
recently that the report has not yet been published,
but advance sheets and the map were made available.

For the State of California, different reports were
available as parts of the report on the coordinated
State water plan. The first or Central Valley unit is
described in the ‘“State Water Plan” ¥, Still further
detail is found in “The Sacramento River Basin’ ®
and “The San Joaquin River Basin” 2, Data for the
region of the lower Colorado River in Arizona and Cal-
ifornia are found in “Colorado River and the Boulder
Canyon Project” 7.

Data dealing with the Rio Grande, from El Paso to
the Gulf of Mexico, were furnished by the courtesy of
the American section of the International Boundary
Commission located at Xl Paso, Tex.

Much data for Nebraska were taken from a recent
survey report on irrigation and power 12,

For the Stutes including the Great Plains, pertinent
comments were paraphrased from Fellows’ unpub-
lished report .

Data regarding potential areas located by private or
State enterprise, other than those acknowledged above,
were obtained as follows:

Arizona: From the office of Frank P. Trott, State
water commissioner, assisted by officials of the State
land office.

California: From the office of the State engineer and
chief of the division of water resources of the State
department of public works, Edward Hyatt, who sup-
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plied data regarding the coordinated plan for the State
of California and certain maps for inclusion in this
report.

Colorado: From the office of the State engineer,
M. C. Hinderlider. )

Idsho: From the office of R. W. Faris; commissioner
of reclamation, with additional suggestions from George
N. Carter, former commissioner of reclamation.

Kansas: From the office of George S. Knapp, chief
engineer, division of water resources.

Montana: From the office of J. S. James, State
engineer,

Nebraska: From A. T. Lobdell, acting State engineer
who was assisted by R. H. Willis, chief of the bureau
of irrigation at Bridgeport. ‘

Nevada: From the office of George W. Malone,
State engineer.

New Mexico: From the office of the State engineer,
Thomas M. McClure,

North and South Dakote: These States were not
visited, as the reports of the War Department, men-
tioned above, were considered sufficient.

Oklahoma: There is so little irrigation here that no
visit was made to the State officials in Oklghoma City.

Oregon: From the office of the State engineer,
Charles E. Stricklin.

Texas: From the State board of water engineers.

Utah: From the office of the State engineer, T. H.
Humpherys.

Washington: From the State supervisor of hydrau-
lics, Charles J. Bartholet.

Wyoming: From the State engineer, Edwin W.
Burritt,

Acknowledgment is also made to P. A. Ewing,
irrigation economist of the Division of Irrigation, Bu-
reau of Agricultural Engineering, for editorial assistance
aud pertinent comment based especially upon famili-
arity with statistics appearing in the reports of the 1930
Federal irrigation census, of which he had charge.

Excepting California, the various State officials
listed above were furnished advance sheets of the Land
Office map with the present irrigated land and potential
areas shown to the extent permitted by data then
available, and were requested to alter and correct
these data, making such additions as were necessary.
In a follow-up visit, arrangements were made for
additional data. Acknowledgment is made of the,
courtesy extended in all the offices visited.

Conflicts of Data: Excepting California, none of the
States represented in this report has a State map that
purports to show the present and potential areas. In
all cases it was necessary to compile these data. As
built up by individual projects, there is much eonflict
regarding the same general areas, depending upon the

group that sponsored the investigation. Likewise,
differences in definition as to what constitutes irrigated
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land and what constitutes feasible were a further
source of disagreement between various authorities.
Within the time allowed, an attempt has been made to
determine the most reliable data for each area indicated
but it is recognized that correction and modification
will result from further and more detailed study of
specific areas.

Summary for the 17 Western States

The Federal census of 1930 shows the area actually
irrigated in 1929 as 18,944,856 acres within enterprises

that were capable of supplying with water, in 1930, .

an area of 25,096,783 acres. (See table I.) There
has been little expansion since 1930. It is noticeable
that these figures, in round numbers 19,000,000 and
25,000,000 respectively, represent farms totaling some
77,000,000 acres. As a rule in a region where irriga-
tion is practiced, the yield of the irrigated areas is far
in excess, both in quantity and monetary value, of
the yield of the unirrigated areas. Therefore, the
actual picture shows irrigated lands largely supporting
farms about four times their area.

The additional potential development sums up to
some 26,000,000 acres. This aggregate area should
be considered in terms of round numbers only, as final
adjustments for various causes will remove some areas
already included and will take in other areas not now
in the picture. If there be added the area which the
;enterprises were capable of irrigating in 1930, the
ultimate area—present and potential—that may be
considered possible of irrigation amounts to some
51,000,000 acres.

Of the area under present irrigation, a very large
portion was supplied with water at costs of less than

5

$50 per ucre and very little of it exceeded $100 per
acre. However, it is noticeable that but little of the
future development is possible at a charge of less than
$50 per acre for water, It is quite likely that, formany
projects, the costs indicated in zones in excess of $50
per acre will always be more than the lands can eco-
nomically support. This means that some form of
subsidy will be necessary to make many of the projects
of the future acceptable from an economic standpoint.

Ezplanation of Map of Arable Land

An accompanying map depicts the irrigated and
irrigable land in Western States, and the nonirrigated
farming lands of the public-land States west of the
100th meridian.

The irrigated land embraces areas for which the soil
moisture naturally available for crop production is
increased by artificial means and bottom lands that are
moistened by natural subirrigation. Irrigable lands
are not included except where it bas been impracticuble
to segregate undeveloped land within extensive irri-
gated areas because of the scale used. The total
irrigated area, according to the 1930 United States
census, is approximately 18,945,000 acres.

The nonirrigated farming lands embrace only the
better areas of nonirrigated agricultural land. In the
semiarid regions such lands comprise areas having
topographic and soil conditions favorable to crop
production which normally receive sufficient rainfall
for the production of small grain and similar crops and
during substantially every year the growing season is
of adequate length to permit such crops te mature.

TapLe L.—Summary by Slates of present irrigation development and ultimate possibilities of irrigation reclamalion

Distribution of additional irrigable arca according to estlmated
Present development " costs of reclamation
Additional Nel annusl
Area enter- irrigable }J’l?imglte imigr%txl?;z .
(= rrigable | requ
State A“‘Lg dhiﬁ' %;i's,%sbr;e;? (potential area ? for ultimate | Less than ”13 :fh‘:’leg?w sm%e;:’(‘;‘?m S%m than lncitst:r-
Ly D :tll&p‘lgggegr area)? irrigable area | $60 per ncre | ¥ poro ry per acra per acre | ininate
in 19301
(2 Acres Acres Acres Acre-feet Acres Aqn Acres Aeres Acres

ATIZODS_ | eeeemrem oo Ag;s. 500 824, 152 3754, 600 1,578,800 | 4,816,220 19, 700 43, 000 39, 100 04,000 [ s%, 2
Cnll[ornia_ ::"""""""" 4 .ME' 632 4 3-1-3' ??g 9 gg;' % lg’ 3372' % 4g'g}g' % 1,031, 07 |-eoeeee ié'&"n """" ﬁé-é&:}- :::::: ::::: 'm: 8O0
Fp0. oo 5 ?g?: 550 35?517: 02i 1, 138, 500 - 786,500 | 9,217,400 20, 000 407, 500 525, 000 71, 700 114,300
", 83, 1, 250, 000 1,333,000 | 2,333,000 000 (e e 1, 200, 4G
1, 594, 912 2,276,500 | ¥ 1,589,600 3 506,000 | 6,746,200 116, 000 148, 900 B4, 000 513, 817,00
" 532, 817 703, 641 1, 069, 660 1773200 | 2 216,400 1. 500 125, 300 63, 400 ! 813, 200
180, 648 736, 240 326, 700 1, 065, 500 2, 112, 500 38, 400 TN I 000
527,033 856, 660 434, 200 1, 0440, 300 . 300 86, 100 172, 500 12,000 45, 000 000
9,392 21, 006 248, 000 312, 000 421, 200 86, 000 10. 000 TIN5 160, 700
1,573 7,331 120, 000 127,400 137, 500 1 VTSR I I .00

508, 713 1,158.210 | 2,354,600 | 3512600 | 6,433,700 1, 481, 100 509, 600 222,000 |- ... 5500 ;
67, 107 109, 550 112, 800 222, 400 333, 700 15,000 | eeemeoeaee. . €0, 000 V800 |..... series
798, 017 1,177,415 1, 130,000 2,307,400 | - 3,815,400 139, 000 820,000 f-ceenenv.om e P 171,000
i LR ue) s Cemes) owem) MR|CUSER| Em B
1 ;.32-‘;‘;35 1.335}»'3& "'2’:205: 700 | 4060600 | 6622500 508, 100 888, 300 302, 000 42,500 #74, 500
Total 16,044,856 | 25.006,783 | 26,436,050 | 51,534,900 | 115,066,300 3, 823, 950 3.350.200 | 3.216.300 | 1.350.300 14. 689, 270

1. 8. Bureau of the Census, Irrigation of Agricultural Lands.
11In round numbers,

: " Ible becausa another part Is
Coondmton Sae . ne surveg ngvcigggg. ﬁﬁ%ﬁnl and industrial purposes,

¢ Coordinated State plan for old an
lands, ineluding storage, conveyarics canals, and distribution system.

ineluded in another plan.

does not segregats ¢ es. Much of this area will cost around $100 per scre for Dew

4 State authorities suggest larger acraage of potential land than Army reports which ware usually accepted.
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The classification on the basis of these physical con-
ditions has been coordinated with a history of the crop
yields from actual farm practice during part or all of
the past 20 years. Large additional areas are physically
tillable but unsuited to ecrop production except in
occasional years, due to risks resulting mainly from
climatic eccentricities or unfavorable soil conditions.
In regions having an annual precipitation of 20 inches
or more, all nonirrigated lands having topographic and
soil conditions suitable {or crop production are shown as
farming land. The total area of nonirrigated farm
lands shown on the map is approximately 79,000,000
acres, distributed by States as follows:

State Acres

AP ZONS oo e e Negligible
CalifOr DI . e e i e e mmmmm e e——m e 5, 900, 000
Colorado . oo e memeo e 7, 250, 000
03 T S 2, 170, 000
KANSas. .o oo e aiccccemmmme————a——n 10, 760, 000
Montana . - - . e eiccccmmceema————- 12, 270, 000
Nebraska. .. ... 6, 980, 000
Nevada_ ... - Negligible
New Mexico_ ... .. 1, 100, 000
North Dakota. oo _______. 11, 070, 000
Qe On o o oo o e 3, 750, 000
South Dukota....___ . ___________ . ___________. 8, 500, 400
L85 7 P 470, 000
Washington. .. . ___i_. 7, 380, 000
Wyoming. - . lccmo-. 1, 600, 000
Arizona

Irrigation Development: The 576,000 acres irrigated
in 1929 3 out of a gross area of 824,000 acres are largely
contained in two major areas: on the Gila a great block
blanketing the valley surrounding the capital city of
Phoenix, and on Colorado River near the town of
Yuma. (See table II.) Practically all the potential
area, 755,000 acres, will be irrigated from Colorado
River proper. The present development at Boulder
Dam, the diversion dam of the Metropolitan Water
District of Southern California located near Parker,
and the new Imperial Heading diversion dam to be
constructed a few miles above Laguna Dam afford
strategic points from which future development may
proceed.

Arizona is a completely arid State, requiring irrigation
for practically all cropped agriculture. With the
exception of one small portion, it lies wholly within the
drainage basin of the Colorado River, which separates
the northwestern corner of the State from the main
portion by a deep canyon, impassable except at a few
places. Much of the habitable portion of the State is
included in Indian reservations and the Bureau of
Indian Affairs has provided irrigation facilities on
many of these reservations. Plans are in various
stages of completion to extend this essential service to
the Indians.

Land Planning Report

The largest present development lies in the great
block tributary to Phoenix. Some of the potential
development is based upon further conservation of
waters of the Gila and its tributaries.

The river bottom lands in the neighborhood of Yuma
and a small portion of the Yuma Mesa are now irrigated
by waters of the Colorado diverted at Laguna Dam
some 10 miles above Yuma. Immediate construction
is in contemplation for a new heading for the All
American Canal to serve Imperial Valley in Caliform'a.‘
The diversion dam that will be a part of this heading
will be located a few miles above Laguna Dam., Water
for the present Yuma project will come down the All
American Canal on the California side and be carried
across the river In a siphon, as at present. (See
California.) The Arizona end of the dam at Imperial
Heading forms a strategic point at which to divert
water for reclamation of a large block of land lying
between the Yuma project and the lower end of the
irrigated lands in Salt River Valley.

The proposed allocation of waters of the Colorado
River proper has been described (p. 3). Arizona’s
portion of waters allotted to the Lower Basin States
has not yet been determined. Some 10 years ago the
Arizona Engineering Commission ! proposed to divert
water from the Colorado River several miles above the
Boulder Dam site. The proposal involved a dam 620
feet high and a very long tunnel from the dam to a
reservoir on the Bill Williams River, with a secondff
tunnel leading south to the upper end of large bodies of
land north and south of the Gila. A second high line
survey was reported by F. P. Trott 2

The United States Bureau of Reclamation is conduct-
ing comprehensive surveys throughout the basin of the
Colorado River to locate feasibly irrigable lands within
all the States commanded by that stream. For
Arizona a large portion of the land included in the
project for a high-line canal is to be cared for by an
entirely different method. Water released from Boul-
der Dam will be allowed to flow down the river to the
new Imperial Heading. It will be diverted on the
Arizona side and raised by pumps to command the
desert areas east of the Yuma project. It is now
considered that the cost of this pumping lift will be very
much less than that involved in the high-line plan.

Duty of Water: In their discussion of irrigation
requirements for Jands of the Southwest ® Fortier andr
Young set up a net requirement of 3 feet for the bulk
of the area included in present and potential Arizona
lands. This is about the same figure assumed for
Imperial Valley in California. The Bureau of Reclama-
tion, on its map of the Yuma irrigation project, states
that “duty of water averages 3 acre-feet at the farm.”
Likewise, this is the figure used by the United States
Bureau of Indian Affairs in its recent studies of large
areas in the San Carlos project southeast of Phoenix.



Available Land

Therefore 3 feet is well supported as a net irrigation
requirement for Arizona lands.

Grazing: Range grazing in Arizona is largely
confined to the parklike areas on the higher plateaus.
Much of this land is within the national forest reserves
and on Indian reservations. The low valleys of the
State support few forage growths without irrigation,
so figure secondarily in the grazing picture. However,
the Indians and Mexicans are partial to the raising of
goats, which find subsistence where cattle do not.

The Garfield report to the President (1931) on *“The
Conservation and Administration of the Public Do-
main”’ lists some 41,000,000 acres of grazing lands of
various types in A;rizona,.

California /

Irrigation Development: Of the total State area of
100,000,000 acres there are some 23,000,000 acres
(gross) of arable land that would be benefited by
irrigation, and it is estimated that a water supply
would be required for about 17,000,000 acres (net).
These figures ® indicate the tremendous potential area
to be affected largely by reservoir storage, when com-
pared with the net area irrigated in 1929 of 4,746,632
acres. Of the present gross area under irrigation
(some 7,000,000 acres) a large part would be benefited
by a supplementary water supply. Various authorities
have estimated the ultimate possible irrigation develop-
dnent of the arable lands of California as between
12,000,000 and 18,000,000 acres.

California is the only Western State that has made
a comprehensive study of its water resources in terms
of irrigation use. Dividing the State into seven major
areas, the ultimate possibilities are as listed in table II.
The study was not developed in terms of cost per acre
for any loeal project of the size found in the other
States, neither was a charge developed against areas
now irrigated in order for them to obtain supplementary
water to carry their irrigation season from, say, July 1
through to the end of the summer. The State's
investigation is based on the cost of units of a great
comprehensive plan, the money returns to the State
to come from current water charges after the projects
have been put in operation.

It is well understood that all the larger agricultural
areas in California would be benefited by irrigation.
~ixtensive areas in both the San Joaquin and Sacra-
mento valleys have been farmed to grains for many
years. The large holdings so farmed could only be
made suitable for settlement in smaller tracts by
making the land more productive through irrigation.

In the State’s investigation it was found that there
is & mean annual surplus of some 10,000,000 acre-feet
of water in the Sacramento Valley ® and a marked
deficiency in the San Joaquin Valley ?. Between the
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ares surrounding Fresno and that tributary to Bakers-
field, thero is relatively little surface run-off and tho
irrigation at present is largely by means of pumping
from ground water. As in many other similar areas,
the ultimate possibilities of ground water yiold were
not understood in the beginning and more lund was
put under irrigation than the current natural replenish-
ment can carry. Much of this development was of
the highest order and the State is much concerned
becauseof the obvious necessity tosupply supplementary
water to aid the present sources and thus save some
200,000 acres in this part of the Great Central Valloy
from reverting to a desert condition. An area of
about 400,000 acres in this valley is now overdrawing
the natural water supply.

Central Valley Project:* The first unit of the coor-
dinated State plan may be described essentially as
follows: Storage of the Upper Sacramento, McCloud,
and Pit Rivers is to be effected at Kennett Reservoir in
the northern portion of the State. With a dnm 420
feet high, some 3,000,000 acre-feet of water can be
stored. In the release of this water, hydroelectric
power will be generated and carried to the Bay rogion
by means of the Kennett transmission line. The water
is to be allowed to flow down the Sacramente, aiding in
navigation, and diverted at various points for irrigation
of lands on the valley floor, with the oventual idea of
pumping lifts serving lands lying too high to be reached
by the primary canals. After providing for the com-
plete irrigation of the Sacramento Valley, a large flow of
water will reach the great delta area of 400,000 highly
developed acres at the junction of the Sacramento and
San Joaquin Rivers. Here the surplus water will
maintain a fresh water flow toward San Francisco Bay
sufficient in volume to flush out salt water that has
gradually encroached upon the delta islands until their
agriculture is said to have been impaired in certain
years.

From the Delta region to Mendota Dam, opposite
Madera, the flow of the San Joaquin will be reversed.
That is a series of dams will be placed in the stream bed
and pumping plants will raise the water from one level
to the next higher one. This flow will make an irri-
gation supply available to the present irrigated lands of
San Joaquin Valley and to much of the ares on its west
side. Much of the bottom land is now irrigated by
gravity flow of the San Joaquin proper. On this
stream it is proposed to build Friant Reservoir, in the
foothills, to store 400,000 acre-feet of water, with a
dam 252 feet high. After developing power at the
outlet of the reservoir, some water will flow northward

*For reference to map in thisreport, sce map on Arable Land of the Western United
States, YFor a more detailed presentation and moups regarding frrlgation projects in

California tho reader is referred to the reports and builetins published by tbe Btuto
division of water resources, Bacramenio, Culif.
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in the proposed Madera Canal, which would command
by gravity most of the land of the present Madera
irrigation district now receiving only ground water for
irrigation purposes. Also from Friant Dam the Friant-
Kern Canal would extend to Kern River below the city
of Bakersfield. This high line canal would pass above
most of the irrigated lands of the valley floor and would
supplement the flow of various streams and canals as
they are intersected, one after another. Essentially,
Friant Reservoir would make possible the use of San
Joaquin water, both to the north and south, on lands
that do not now receive any water from that stream,
and in exchange for the San Joaquin water the State
would supply the bottom lands of the lower San Joaquin
with surplus waters from Sacramento Valley.

The plan thus described constitutes the essentials of
the present Central Valley project of the State’s water
plan. Further development of the coordinated State
plan would involve storage reservoirs on the major
streams on the eastern side of Sacramento Valley, each
one to irrigate lands naturally commanded by the reser-
voir sites, with surplus water available for higher areas
by means of pumping plants.

Another item of the Central Valley project contem-
plates transmountain diversion of Trinity River, now
flowing into the Klamath, over to the Sacramento
Valley side of the Coast Range, developing hydroelectric
power in the process.

The Central Valley project is the only part of the
coordinated State plan that has been worked out in
considerable detail. It is proposed that only main
canals and structures will be built under the plan, and
water will be wholesaled by the State to the various
irrigation districts and other group consumers and
municipalities for definite costs, ranging from $3 to $8
per acre-foot. This project would serve aress irrigated
at present with supplementary water, extending their
season from, say, July 1 to the end of summer. New
lands would eventually be served from these canals at
the same cost per acre-foot, but they would have to
supply their own distribution system, at costs ranging
from $15 to $50 per acre, depending upon the terrain,
the necessity of special conduits and structures, and
the advantages or necessities of pumping lifts as against
gravity flow. Thus the capital cost of the Central
Valley project is some $167,000,000 for initial work
and $580,000,000 eventually.

Colorado River Project: In 1935 water was stored
for the first time in the new Boulder Reservoir, which
eventuslly will have a capacity of 30,000,000 acre-
feet. This is about twice the mean annual flow of
Colorado River at this point. Discussed in terms of
California alone, it is provided in the Boulder Canyon
Dam act that California shall agree that annual con-
sumptive use of Colorado River water in California
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shall not exceed 4,400,000 acre-feet of the water
allotted to the three lower basin States, plus one-half
of any excess. California’s share of this water can be
ufilized on various areas as shown on the California
map. There is at present under construction the
Colorado River aqueduct to bring 1,500 second-feet
of water to the city of Llos Angeles and some 13 locali-
ties organized as the Metropolitan Water District of
Southern California. This project, estimated to cost
some $228,000,000, will strongly reinforce the waters
of southern California that are at present overdrawn
for irrigation, municipal, and industrial purposes.
Conceivably, for some time to come, there will be
excess water over the present municipal needs, and
this surplus might be available for the irrigation of
additional agricultural lands in this important area.

The second major diversion now under contract will
take place at the new Imperial Heading some 10 or 15
miles above Laguna Dam which acts as the diversion
structure for the present main canal serving the Yuma
project of the United States Bureau of Reclamation.
At the new heading it is proposed to divert 15,000
second-feet of water into the All-American Canal ",
returning 2,000 second-feet to the Yuma project at a
point where the water can be turned into its present
system., As the canal passes Pilot Knob, just north
of the internationsal line, 3,000 second-feet will be
dropped back into a lower canal or the Colorado River,
through a hydroelectric plant for' the generation o
power. This leaves 10,000 second-feet to flow on into
the Imperial Valley with the eventual idea of an exten-
sion to serve Coachella Valley with gravity water.
Coachella Valley now obtains all its irrigation water
from underground sources. Further development of
All-American Canal contemplates the conveyance of
150 second-feet over the mountains between Imperial
Valley and the Pacific Ocean for use in the neighbor-
hood of San Diego. As shown on the map, there is
some irrigation along the Colorado River, particularly
near Blythe, and the regulated flow of the river will
make more stable the present irrigation systems.

It is contemplated that the water, as used for power
at Boulder Dam, will be re-regulated by the construc-
tton of Bulls Head Reservoir between Boulder and
Parker Dams. The storage at Parker Reservoir will
consist merely of the upper 10 feet as a regulation
zone. In other words, Parker Dam is considered more{l
in the nature of a diversion dam than as a storage dam.
Both Parker Dam and the new Imperial Heading will
give diversion points for canals in both California and
Arizona. (See discussion under Arizona.)

One of the difficulties of determining the cost of all
potential projects in the Western States is exemplified
in the distribution of charges for the construction of
Boulder Dam. Of a total charge of $165,000,000,
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irrigation is required to carry $38,500,000; flood control,
$25,000,000; and hydroelectric power $38,200,000. If
the cost of the whole project were assessed against the
area of some 2,000,000 acres in California and Arizona,
the eventual cost per acre for storage alone, outside of
distribution systems, would be about $80. From this
illustration it is evident that closely estimated costs
of the development of potential projects are impossible.
Nearly all projects will require storage reservoirs with
accompanying power plants, and in many cases will
serve irrigation, municipal, and flood-control purposes
in addition to developing power. Thus it is readily
seen that, even where the totel cost of construction
has been closely estimated, the final charge against the
irrigated lands lies in the distribution of the total
charges, and in many cases the irrigated lands will be
charged less than their proportionate share on the
ground that their development will benefit the com-
munity as a whole.

Duty of Water: In connection with the development
of the comprehensive plan, one of the first investiga-
tions undertaken sought to determine net irrigation
requirements, the ascertainments being needed as
bases of computations of the extent of areas which
might be served by the various streams of the State.
Climatic conditions in California range all the way
from those characterizing the lowest to those identified
with the highest elevations in the United States.
Specifically, the rainfall varies from a negligible amount
in the southeastern section to 80 inches in the north-
western counties. In recognition of these circum-
stances, the State was divided into a numnber of sec-
tions, in each of which conditions were reasonably
uniform, so that a certain definite figure could be set
up as measuring its requirement. After assembling all
the extensive experimental data on use of water within
the State, and by careful consideration of all the cir-
cumstances typifying this use, a figure was selected for
. each section. The results of the investigation were
then submitted to a consulting board of accepted
suthorities on the subject. Their ultimate findings,
practically confirming the originl figures, were used in
the computations of the total water requirement for
potential agricultural areas in any specific part of
California.?

Grazing: Some of the potential irrigated lands now
constitute grazing areas, especially after the winter
rains have made the State green with new grass. Large
herds of cattle and sheep are taken in the early summer
to the higher mountain areas comprised within the
national forest reserves, and returned to the lower
valleysinlate fall. One major exception to this general
practice is still represented by a portion of the San
Joaquin Valley, where large areas of pasture lands are
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irrigated occasionally to provide year-round forage for
great numbers of cattle.

The Garfield report to the President (1931) on the
“Conservation and Administration of the Public
Domain” lists some 36,000,000 acres of grazing land of
various types in California.

Colorado

Irrigation Development: Second only to California in
the extent of its irrigated areas, Colorado has 4,078,712
acres irrigable * under its present system, while of these
3,393,619 were actually irrigated in 1929, The addi-
tional potential areas, largely on the western slope,
comprise 958,000 acres. Unlike California, the streams
of which for the most part are usable wholly within its
boundaries, Colorado contains the headwaters of many
important rivers all of which flow into adjoining States,
and the latter look to Colorado for & reasonable supply
of water to cross the State lines and become available
for their lands.

Colorado is one of the States in which conservation
of water resources, largely in terms of irrigation, is
considered essential to its future. With the decline in
mining, upon which the early development of the State
was based, came the rise of irrigated agriculture.

Colorado is the fountain head for the waters of the
North Platte and South Platte Rivers, which finally
reach the Missouri; the Arkansas River flows across
the line into Kansas, eventually reaching the Mississippi;
the Rio Grande flows across New Mexico, forming the
international boundary line between the United States
and Mexico, eventually reaching the Gulf of Mexico;
the Upper Colorado, formerly called the Grand River,
flows westward into Utah where it joins the Green to
form the main Colorado River. In the southwest
corner of the State, the San Juan drains part of both
Colorado and New Mexico, reaching the Colorado
River in Utah. In the northwest corner the Green,
after flowing out of Wyoming and across the portheast
corner of Utah, enters Colorado to receive the Yampe
as a major tributary, and later on is joined by the
White, all draining an extensive portion of the State.
The North Platte leaves Colorado to flow northward
into Wyoming, eventually joining the South Platte in
Nebraska. Thus Colorado is completely surrounded by
other States that are highly dependent upon water for
irrigation. Its relations with Wyoming, Utah, and
New Mexico in terms of Colorado River drainage are
described on page 3. However, the States of Wyom-
ing, Nebraska, Kansas, and New Mexico all look to
Colorado for a continuation of the flow of the streams
mentioned above so that they, too, may have a share
of the water for irrigation.

The Continental Divide forms a distinet cleavage
between the eastern two-thirds and the western one-
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third of the State. The eastern slope is known to be
g0 deficient in water supply as to effect complete
seasonal irrigation of lands now under canal. The
western slope is definitely known to have a surplus of
water, and, whatever may be Colorado’s final allot-
ment of the waters of the Colorado River, the State
authorities rely on the continuation of a definite surplus
that can be considered as availuble for transmountain
diversion to the eastern slope. Colorado has always
operated on the doctrine of prior appropriation, and
has never established a policy of arbitrarily sefting a
limit for the appropriation of the water of any one
stream. This policy has developed senior rights that
are reasonably sure of an irrigation supply for ot least
a portion of the irrigation season whereas the later, or
junior rights, in many cases go year after year without
obtaining sufficient water. The immediate concern of
the State officials is to conserve fully, by means of
reservoir and ground water storage, all the waters now
native to the eastern slope, and to import water from
the western slope to give senior rights an irrigation
supply throughout the season and junior rights much
more water than they now receive.

Sustaining the idea of the State enginecer that there
is no water available for developing additional lands on
the eastern slope, only one potential area is offered,
as shown on the map in the northeastern portion of
the State. The potential areansg’ in the western slope
were located by reference to two water supply papers
dealing with the Upper Colorado River and its Utiliza-
tion ¥ and the Green River and its Utilization
respectively, supplemented as far as possible by informa-~
tion developed in the survey conducted by the United
States Bureau of Reclamation for the determination of
present and potential areas for the whole Colorade
River Basin.

Duty of Water: The irrigation requirement as set up
by Fortier ** for the eastern slope for the Missouri and
Arkansas River Basins is slichtly more than 2 acre-
feet of water per acre of land. For the Rio Grande
Basin and the western slope basins # it is believed that
more rainfall is available during the summer months,
and lesser irrigation supplies of from 1.7 to 1.9 feet
‘are suggested, while for the extensive area comprising
the northwestern corner of the State in the Green
River drainage *? a figure of but 1.35 feet is offered.

Grazing: Much of Colorado once belonged to the
great cattle-range country. The fencing of range lands
and the taking up of water for irrigation has changed
the cattle business until now it involves summer
grazing in the mountain parks largely within the forest
reserves, and winter feeding of alfalfa and other forage
raised on irrigated lands. Great numbers of sheep
and some cattle are regularly brought to the agri-
cultural towns north of Denver and fattened with the
products residual after the refinement of beet sugar and
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the canning of peas and other vegetables. Throughout
the mountain valleys the staple crops are the natural
hays and some alfalfa. During the summer much hay
is cut, stacked, and held for winter feeding. When
stock i1s brought down from the higher mountains in
the autumn, grazing is carried on in the meadows
surrounding the stacks, the latter being fed under
emergency only.

The Garfield report to the President (1931) on “The
Conservation and Administration of the Public Do-
main’’ lists some 17,000,000 acres of grazing land of
various types in Colorado.

Idaho

Irrigation Development: This State ranks third in
order of present irrigation development with some
2,600,000 acres of land now under irrigation, of which
2,181,250 acres were actually irrigated in 1929.%
The ultimate possibilities include nearly 1,100,000
acres of arable land with reasonable cost of develop-
ment and another 60,000 acres of potential land for
which reclamation costs are so high that they should not
be included in the general potential acreage.

A glance at the map shows that both the present and
potential possibilities are almost wholly within the
great valley of Snake River. The major exception
lies in the southeastern corner of the State where
certain areas within the Great Basin are commanded
by Bear River and other streams flowing into Great
Salt Lake. The headwaters of the Snake lie in the
high mountains of eastern Idaho and western Wyoming
south of Yellowstone Park. While some of this water
can be used within Wyoming, it naturally commands
Idaho. State authorities say further that there is no
obligation for any large volume of water to leave
Idaho for use in Washington or Oregon. These cir-
cumstances permit consideration of the whole Snake
River within the State, as available for use there.

State suthorities are also of the opinion that the
waters of the State, with the present amount of regula-
tion, are completely used to care for the lands now under
canal.® Much of their concern for the immediate
future lies in recognition of the necessity of perfecting
reservoir and ground water storage and in several
major projects involving transmountain diversions to
supplement the supply now available. However, the
map shows great potential areas on both sides of Snake
River.

It is estimated that-the Upper Snake River, lying to
the east of Milner Dam, will require a supplementary
supply of about 500,000 acre-feet of water per annum,
if potential areas under present consideration are put
under canals.®® Surveys are now under way seeking
reservoir storage to regulate further the waters of the
Upper Snake. However, State authorities  make the
point that American Falls Reservoir, placed in opera-
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tion in 1926, has been filled to capacity but twice since
that time. Hoyt % shows the remarkable conserva-
tion development already attained with present storage
capacity of 5,700,000 acre-feet in 68 reservoirs. This
supply supplements direct-flow rights of seme 2,000,000
acres of irrigated land. Of this storage 3,800,000 acre-
feet is in 47 reservoirs in Idaho. There is storage
possibility for another 5,700,000 acre-feet in Idaho
alone. Likewise, there are certain possibilities of
““exchange water”’, whereby certain hydroelectric power
and irrigation rights on the Lower Snake might be
made available on the upper river. In this State
there appears a distinet conflict between hydroelectrie
_ and irrigation use, much water being used to operate
hydroelectric plants, outside of the irrigation season.
Water returned to the river below Milner Dam, which
is the last point at which gravity diversions are now
made from the Snake River proper, is below all present
storage on the main stem of the Snake. Ground water
accumulated in the lave beds bordering the Snake
will eventually be recovered by pumping and used to
supplement the surface supply.

The present major areas under irrigation lie in four
great blocks. The first is along the main stem and
Henrys Fork of the Upper Snake between Ashton and
American Falls. The second block lies in the Bureau
of Reclamation project at Minidoka. At Milner Dam
diversions are made both northward and southward
to irrigate the third large area under both Bureau of
Reclamation projects and those organized by various
group interests. Just below Milner Dam the bed of
the river drops below the general level of the terrain,
until the canyon several hundred feet deep renders
gravity diversion out of the question. Canals on both
sides of the river, from Milner Dam, have been extended
about as far as is feasible. However, there is a large
block of potential land between King Hill and the Boise
Valley, usually described as the Mountain Home tract.
Several investigations have been made looking toward
the reclamation of this great body of excellent land,
which is similar in many ways to the Twin Falls area,
except for its distance from a natural source of water
supply. One possibility for this area lies in diverting
water from Salmon River by transmountain diversion
into the Payette or the Boise, eventually for use on
the Mountain Home tract. One plan proposes a dam
and diversion works on the Salmon, thence transporta-
tion through 3 miles of tunnel to Red Fish Lake, which
is to be made into a reservoir by a dam at the outlet,
and thence by 14 miles of tunnel to Boise River. This
project would cost some $65 per acre benefited, in
addition to the present charge for the existing system.
Another attractive plan involves pumping water from
Snake River into Deer Flat Reservoir to supplement
the present supply. The latter is wholly Boise River
water which would be released for other uses.
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The fourth block at the western side of the State,
lying north of Snake River, is the great Boiso Valley
of some 200,000 highly developed acres served with
direct flow of the Boise River, supplemented by exten-
sive storage at Arrowrock Dam. In this area several
possibilities of developing “exchange water” could be
worked out in connection with a coordinated plan.

The valley of the Snake lends itself to the develop-
ment of such a plan for the complete use of its water.
The present irrigation is well divided between canals
developed by local interests, those constructed by the
United States Bureau of Reclamation, and the suc-
cessors of an important group of projects which wers
promoted early in the present century under the terms
of the Carey Act. Within recent years the Bureau of
Reclamation has sponsored construction of extensive
storage in Jackson Lake, Wyo., and at American
Falls, Idaho, for the benefit of many of these projects
besides its own at Minidoka. The Buresu has also
made studies looking to the eventual irrigation of much
of the potential area shown on the map.

Another study considers a plan for construction of
extensive storage on Payette River, and a transmoun-
tain diversion from the Payette to the Boise River
Basin to care for much of the area now irrigated from
Boise River. This would make possible the use of the
storage at Arrowrock Dam asbove Boise through
another transmountain diversion into the Snake River
Valley commanding the Mountain Home arca.

Duty of Water: The net irrigation requirement as
set up by Fortier and Young # calls for 2 feet of water
for the Bear River Basin ®, and a maximum of 2.7 feet
for the lands irrigated directly from Snake River, with
lesser amounts for lands lying back from the river that
must be economical in use if they are to reccive an
irrigation supply. These figures are shown in table II.
Apparently these are liberal. Recent investigations
of the United States Geological Survey support figures
of 2 feet or less, as determined by Don H. Bark some
20 years ago. Likewise, an independent investigation
made by W. G. Steward indicated that 2.2 acre-feet is
about the consumptive use on Twin Falls area. Hoyt *
makes computations based on 1.7 feet for the consump-
tive use on some 900,000 acres.

Sources of Dala: Idaho is fortunate in the prospect
of soon having available the results of s recent investi-
gation of its irrigated and irrigable lands, which are to
be published in a water-supply paper of the United
States Geological Survey.®* The map for this report
was used as an index in mapping preliminary data
involving the entire valley of Snake River. Certain
modifications were made from maps of the United
States Bureau of Reclamation for projects under pri-
mary or secondary investigation by that Bureau.
The data for Indian reservations were obtained from
supervising engineers of the Bureau of Indian Affairs.
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A few potential areas were rejected, under suggestion
of State authorities that there was no possibility of
water supply. The totals representing ultimate irri-
gation possibilities are slightly less than the figures
suggested by the United States Geological Survey.®

Drainage Requirements: At the northern end of the
State there is an area of some 30,000 acres which
requires artificial drainege and protection against
future encroachment in order to make lands available
for agricultural purposes.

Grazing: The valley of the Snake River was quite
fully covered by an original growth of sagebrush, rather
than forage grasses. However, the present livestock
industry relies largely on summer grazing of the forest
reserves that cover practically all the mountain areas,
supplemented by winter feeding of forage raised on the
irrigated ranches. Hoyt * shows some 8,000,000 acres
of grazing land in Snake River Basin,

The Garfield report to the President (1931) on ““the
Conservation of the Public Domain® lists some 21,-

000,000 acres of grazing lands of various types in
Idaho,

Kansas

Irrigation Development: A large part of the lands
now under irrigation, aggregating some 84,000 acres,
has been watered for many years from canals diverting
from Arkansas River. More recent developments are
by pumping from ground waters, especially in Scott
County. In 1929 the area actually irrigated was
71,290 acres.” Assuming the ultimate development
of 50,000 acres of potential lands definitely located,
plus the 1,200,000 acres described below as irrigable
by pumping from stream beds, the total ultimate irri-
gable aren of the State is about 1,332,000 acres.

Kansas lies partly in the zone which is bordered on
the west by the semiarid region, but the eastern part
of the State ordinarily receives ample rainfall to supply
the needs of most crops. The major present irrigation
development is in a section tributary to Garden City.
Here the greater part of the irrigated land is watered
by gravity diversion from the river, but some years
ago an extensive pumping system was installed to
extract ground water from the sands bordering the
river bed to supplement the natural flow. However,
during the first years of operation water was so rapidly
withdrawn by the pumps that their use became un-
economical and was practically discontinued, although
other similar pumps are still operated on a smaller
scale.

The gravity systems along the Arkansas were all
constructed under private or group organization.
Possible reservoir storage, to supplement the deficient
flow of the Arkansas, is located in potential sites in
Colorado. This location has not encouraged their
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construction by Kansas interests, as the water might
have to run the gauntlet past upstream appropriators
in another State. To the north of the Garden City
area, in Scott County, are spots of land irrigated wholly
by pumping in the midst of a potential area. State
authorities say that these spots move about within
the potential area from one season to another as con-
ditions of ground water warrant changes. Irrigation
developed by small pumping plants has proved very
successful and, under guidance of State officials, has
been extended to many areas along the Arkansas.

Various State authorities give estimates ranging from
1,000,000 to 5,000,000 acres as the area for which ade-
quate ground-water supplies exist within a reasonable
lifting distance of the surface. One study by State
officials sets & figure of 1,200,000 additional acres as
irrigable from such sources. While complete reliance
must be placed upon irrigation for the extreme western
part of the State, the use of supplementary supplies
elsewhere is expected to increase materially. The
location and extent of the use of these developments
are not of such nature as to be closely indicated on the
map. Pioneers in this supplementary practice, in this
as in other States, are usually the operators of truck
farms in areas tributary to the major population cen-
ters. They have found that supplementary irrigation
by pumping, usually from wells, increases their crops
to an extent that well repays the extra expense. The
cost of these small plants runs from $15 to $25 per acre.
In dry years, such as the season of 1934, supplementary
pumping plants might become the mainstay of a water
supply for a very large acreage, in total.

Duty of Water: As a net irrigation requirement,
Fortier * offers 1.75 feet in depth for the western half
of the State. As supporting data for this region were
meager, this probably represents an expert’s opinion
for which there is little information either confirma-
tory or otherwise,

Grazing: The land classification survey for western
Kansas and southeastern Nebraska 7 tabulates 1,850,-
000 acres under the title of grazing lands, However,
State authorities point to two great blocks that are
known as excellent grazing areas. The Blue Stem
Hills region is said to contain 6,000,000 acres of land,
covered with a luxuriant growth of blue stem grass
that furnishes grazing for around 500,000 head of
cattle annually, This area, which lies east of the
center portion of the State, comprises Pottawatomie,
Riley, Geary, Wabsaunsee, Morris, Lyon, Chase,
Butler, Greenwood, Elk, Cowley, and Chautauqua
Counties. At the western side of the State lies the
High Plains grazing region, comprising Wallace,
Creeley, Wichita, Hamilton, Kearny, Stanton, and
Morton Counties.
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Montana

Irrigation Development: In 1929 there were 1,594,912
acres irrgated in a total area of 2,276,000 acres under
canals ®. State authorities in 1920 estimated that
some 2,250,000 acres additional could be irrigated in
the future, but the present compilation indicates that
about 1,600,000 acres can be classed as potential area,
meking approximately 3,900,000 acres represent the
ultimately irrigable area.

In Montana not all crop agriculture is irrigated, the
irrigated land in the eastern part of the State being
about half the acreage listed as farming without irriga-
tion ® (table II). The State is excellently watered,
with major streams located in nearly all parts of it.
The western part is mountainous, with long, narrow
valleys ranging from ribbons but a few hundred yards
wide to 8 or 10 miles in width. These mountain
valleys are flat laterally, with distinct slopes rising
abruptly from the alluvial field. Nearly all these
western valleys are irrigated by direct diversion from
their native streams. Certain areas would be bene-
fitted by supplementary water, but the storage possi-
bilities in mountain reservoir sites have not been ex-
tensively developed.

The northwest corner of the State lies in the Columbia
River Basin. The heavy snowfall and moderate use of
irrigation furnish large volumes of water to form import-
ant tributaries of the Columbia. The remainder of the
State lies in the basin tributary to the Missouri River,
the main stem of which extends from west to east,
north of the middle half of the State, with the Yellow-
stone and its important tributaries flowing diagonally
across the southeastern quarter.

In the Columbia Basin (Clark Fork), the Bitter
Root Vzlley, tributary to the towns of Hamilton and
Missoula, is highly developed with a small amount of
constructed reservoir storage to supplement the nat-
ural water supply. In this valley the little potential
land still remaining can be developed only through
irrigation, and that largely by construction of addi-
tional storage, which is also needed to supplement the
supply of lands now irrigated. In Deer Lodge and
Flint Creek Valleys and upper Clark Fork supple-
mentary storage is needed to carry the irrigation beyond
hay and grain as a balance to the local stock industry.

The United States Bureau of Reclamation has an
i extensive project south of Flathead Lake. There are a
few areas offered in this basin for potential develop-
ment, Much of the total is not in absolute need of
irrigation, especially along the Flathead and tributary
streams. On the upper Clark Fork, between Missoula
and Deer Lodge, there is a greater need for irrigation
water to supplement the present supplies.

East of the Continental Divide the various major
streams have been fully investigated by the Engineer
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Corps of the United States War Department and
reported in various publications. Irrigation on the
Milk River ™ is mostly in the eastern part of the State,
but a few areas were irrigated on the Blackfeet Indian
Reservation on the upper forks of the Milk, This
stream heads in the region of heavy snowfall in Glacier
Park and flows across the international line into
Alberta, coming back into the United Stutes 130 or 140
miles east of the point where it enters Canada.

From Chinook to the State line there is practically a
continuous belt of irrigable land lying along the river.
In addition, there are 6 or 8 potentinl areas which the
War Department regards as very doubtful of final
reclamation. The conclusions in its report * mention
adjustments ‘“whereby at least as much land will be
excluded as will be taken into the projects.”” In order
to supplernent the present supply of the Milk and per-
mit irrigation during the latter purt of the season,
several reservoir possibilities are definitely located.
The War Department emphazises the point that many
areas along the Milk are in need of flood control to
protect the present agricultural investments and the
towns already established.

The Marias River, a major tributary of the Missouri,
flows through the country between the upper Milk and
the main stem of the Missourl. That section contains
numerous areas at present under irrigation, including
the Valier project of 80,000 acres developed under the
Carey Act. Large potential areas are also shown in
the report of the War Department on this stream®,
A water supply sufficient for 350,000 acres is indicated,
which would allow the development of around 140,000
acres in addition to irrigation already existent. On
the Teton River, between the Marias and the Missouri,
extensive areas are already developed tributary to the
town of Chouteau. Some of these areas are now
served with reservoir water. The Teton enters Sun
River above Great Falls. On the Sun some 56,000
acres are now under canal on the Bureau of Reclama-
tion project near Fort Shaw, with additional areas
aggregafing another 51,000 acres susceptible of irriga-
tion from the Sun and its three reservoirs, which have
some 142,000 acre-feet capacity.

The main stem of the Missour: is formed by three
major tributaries—the Jefferson, Madison, and Gallatin
Rivers—which meet near Three Forks. The Jeflerson
is formed by the Big Hole and Beaverhead Rivers.
These streams supply irrigation for mountain valleys
as they work out toward the plains, with extensive
hydroelectric development in addition to irrigation,
The upper waters of the Beaverhead and the Madisen
are well supplied with reservoirs., Possibilities for
future development along these streams are limited
by the land rather than the supply of water, potential
areas being much smaller in extent than those covered
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by present systems, The great irrigated area on the
Gallatin around Bozeman has long been noted as a
practical laboratory for the development of experi-
mental irrigation data.

Between Three Forks and the mouth of the Marias
there is little present irrigation along the main valley
of the Missouri, but extensive potential areas are
shown. In the development of new areas, some of
those already irrigated could be supplied with much-
needed supplementary water., Return flow is esti-
mated at 40 percent®, After crossing the one hundred
and tenth meridian there is no irrigation, either present
or potential, along the Missouri down to the mouth of the
Milk. Here the Fort Peck Dam is now under con-
struction., This dam was designed as a control for the
‘Missouri, but its 17,000,000 acre-feet capacity could
eventually insure a supply for 80,000 potential acres
below the dam. Entering from the south are several
tributaries with extensive potential irrigated lands,
notably the Judith and the Musselshell. While there
is now bus little irrigation on these streams, extensive
areas are in prospect in Judith Basin and near Har-
lowton and Ryegate. Present irrigation is confined
to narrow ribbons closely adjoining the stream.

On the Missouri between the mouth of the Milk
and the State line, there is a continuous belt of poten-
tial area, all below Fort Peck Dam, while the minor

tributaries are irrigated at present in narrow strips

immediately adjoining the streams.

Just beyond the State line between Montana and
North Dakota, the Yellowstone enters the Missouri
from the southwest. Rising in Yellowstone Park, in
the northwest corner of Wyoming, this stream is of
major proportions as it enters Montana. It has been
pointed out that there is a possibility of additional
storage a few feet in depth over the surface of Yellow-
stone Lake. If this could be effected without detri-
ment to the scenic beauties of the park, there probably
would be no material objection to it. (See p. 25.)

After entering Montana the Yellowstone and its
tributaries flow almost continuously through irrigable
land. Gravity diversions already serve the areas most
easily reclaimed, and large blocks are susceptible of
further improvement under reservoir regulation. Near
Billings the Clark Fork enters the Yellowstone from
the south, with extensive potential areas which might
increase the irrigated land already tributary to Billings.
Some 50 miles below Billings the Big Horn River
enters, also from the south, This stream is extensively
used for irrigation in Wyoming. A continuous strip
of irrigated and irrigable land extends to its junction
with the Yellowstone except through the canyon.
Below the mouth of the Big Horn, irrigation possibil-
ities are almost continuous to the mouth of Powder
River. This stream also flows north out of Wyoming,
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after serving extensive areas in that State. However,
only one potential strip is indicated along the Powder

in Montana. Between the Big Horn and the Powder,

the Tongue River enters from the south. Irrigation
from that stream is largely confined to well-watered
sections tributary to Sheridan in Wyoming, although
minor areas are indicated in Montana. Below the
mouth of Powder River irrigation possibilities on the
Yellowstone extend to the State line, present irriga-
tion being confined to the lower end of the stream in
the lower Yellowstone project which is served by
direct diversion.

While this State has no projects of size comparable
to the Columbia Basin project of Washington, the
Imperial Valley of California, or certain areas in
Arizona and Colorado, a glance at the map shows that
ultimate development is more likely to be controlled
by economic conditions than by the supply of land or
water. Necessarily, much of the agriculture of this
State must be considered as a balance to the stock-
raising industry, as the short growing season somewhat
limits the types of agriculture that can be followed suc-
cessfully. Detailed data regarding present and poten-
tial projects are found in the various reports of the
War Department °2-%, :

Duty of Water: The net irrigation requirements as
set up by Fortier '®- '® are indicated in table II.
These figures are reasonably close to those accepted
by the War Department in its studies of the various
streams of this region. While considerably less than
irrigation requirements of desert areas, the amounts

-indicated are considered adequate in view of the sum-

mer showers that are characteristic of this State during
normal years.

Sources of Data: For the most part the designations
of potential lands as set up in the reports of the War
Department have been accepted. On this basis much
acreage of highly doubtful reclamation, because of
very high cost, poor land, or inadequate water supply,
has not been included. If all projects offered are
accepted, including some involving flood irrigation at
uncertain intervals and others of cost excessive in any
locality, the potentizl total aggregates almost twice
that herein listed.

In a study conducted in 1934 some 3,500,000 acres
were considered as potential land. This total includes
some that the author’s definition covers as irrigated
land (see map). It also includes much that is of
excessive cost, over $300 per acre. However, in his
report on Montana Prof. S. T. Harding 12 sets a still
higher figure for ultimate area that may be irrigated, as
not exceeding 7,000,000 acres. He determines the
water supply as sufficient for 10,000,000 to 12,000,000
acres with a duty of 3 feet per acre. Therefore it
appears that land can be brought under irrigation for
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many years to come, depending solely on the demand
and the current economics rather than on either water
supply or land as a controlling factor. Of course, local
studies must still regard the water supply that can be
made available to specific tracts.

Grazing: The report of the land classification of the
plains area alone ® shows some 47,000,000 acres
included under various grazing groups. As the whole
State has some 90,000,000 acres, this tends to verify
the understanding that practically the whole State,
outside of farms and rough, mountainous, and “bad”
lands, may be considered as grazing areas.

The Garfield report to the President (1931) on the

Conservation and Administration of the Public Do-
main lists some 22,000,000 acres of grazing lands of
various types in Montana.

Nebraska

Irrigation Development: In 1930 the irrigation sys-
tems were capable of irrigating 703,641 acres. Of this,
532,617 acres were actually irrigated in 1929.'% If
the potential areas are taken at face value, an additional
area of some 1,070,000 acres is susceptible of recla-
mation.

Nebraska is fortunate in having the results of a
recent special survey of the resources of the State in
terms of irrigation, water power, and drainage }2. A
glance at the map shows that Nebraska, like Idaho, is
largely a one-stream State in terms of irrigation. It is
also noticeable that practically all the present irriga-
tion, and but little of the potential, lies west of the
center of the State, Entering the State from the west
are the two main forks of the Platte River. The North
Platte rises in Colorado, where it serves irrigation in
North Park; thence flows through extensive irrigated
lands in Wyoming, where the flood waters are partly
controlled by Pathfinder Reservoir, with extensive
developments of both group interests and the National
Bureau of Reclamation; and finally enters Nebraska
in the midst of an area much of which is served by the
units formerly comprising the North Platte project of
the Bureau of Reclamation. In the southwest corner
of the State the South Platte enters from Colorado and
joins the North Platte River near the city of North
Platte; from thence eastward the stream is known as
Platte River.

In a supplemental report > Willis and McNamara,
summarizing data on the Platte River, divide the
stream into three sections—an upper section, from the
State line to Oshkosh; a middle section, from Oshkosh
to Sutherland; and a lower section, from Sutherland to
Kearney. In the upper section, of 441,000 acres, about
166,000 acres have only direct-flow appropriations and
the other 275,000 acres have storage rights. While
the lower section has some 200,000 acres now irrigated,
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the greater part of the potential areas of the State,
totaling nearly 700,000 acres, is tributary to this reach.
The part of the State where the bulk of the present
irrigation exists is in almost the same need for irrigation
as is typical of States farther west. The central por-
tion is advancing into the zone requiring supplementary
irrigation, where a fuller appreciation of the increased
yields obtainable under irrigation tends to encourage
future construction.

On the two forks of the Loup River two potential
projects are included in the reports of the War Depart-
ment %, Present irrigation is of almost insignificant
extent, but the point has been made that the oxtent of
possible reclomation along the Loup is limited only by
the economic need for irrigated agriculture in the
future, as there is plenty of water for the purpose, an
excellent flow, and potential storage sites to satis{y any
need that may be developed. While the Army
report *? suggests but 54,000 acres as potontial projects
on the Loup, the State survey !'? referred to above,
suggests that 207,000 acres might be considered as
potential on this strenm. A figure of 200,000 is used
in this report.

The, South Platte has its headwaters in several
mountain streams rising in the eastern slope of the
Rockies. After serving one of the highest developed
irrigated areas in the Mountain States, both south and
north of Denver, the South Platte enters Nebraska to
irrigate a narrow but almost continuous ribbon of land
from the State line to the junction with the North
Platte. The only potential area suggested upon this
fork lies to the south of Ogallala. The South Platte
River has long been noted as an outstanding example
of the use to be made of return waters. In years past,
the upper and senior rights to irrigation in Colorado
took practically all the stream, and through inuch of
the summer season a dry sandy bed was characteristic
of the Platte in northeastern Colorado and western
Nebraska. In recent years the extensive development
of irrigation in the upper rolling regions of the Platte
and its tributaries has developed a return flow that
has made rights on the lower plains in Colorado and
Nebraska somewhat more secure. In the State
study 2 return flow is relied upon extensively in the
calculation, looking toward the maximum use of waters
of the State.

In the northwestern corner of the State the Niobrara
enters Nebraska from Wyoming and flows across the
northern counties, entering the Missouri at the town
of Niobrara. From the State line between Wyoming
and Nebraska to the center of Sheridan County is a
narrow and somewhat broken ribbon of irrigated land
lying immediately adjacent to the stream. There are
no potential areas offered for this stream. The report
of the War Department ' points out that flow in the
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upper reaches is fully utilized on the present irrigated
lands, and that for long reaches downstream from the
present lands the adjoining tablelands rise several
hundred feet above the river, so that any economic
conditions reasonably to be expected appear to make
irrigation, with a pumping lift of from 200 to 400 feet,
out of the question. Irrigation would be further com-
plicated by use of the water by hydroelectric plants
already in operation.

Across the southern tier of counties lies the Republi-
can River, with a continuous reach of irrigated land
bordering its bed. Entering the Republican from the
north at Culbertson is the stream shown on the Land
Office map as Whitemans Fork, more commonly known
as ‘““the Frenchman.” This stream is more nearly
continuous in flow than the Republican, and it, too,
has a long ribbon of adjacent irrigated land. On the
Arikaree and Republican, east and west of Benkelman,
no potential project to irrigate lands outside of the
present irrigated area is proposed. The only other
suggestions lie well to the east of McCoock and are all
additional narrow ribbons immediately adjoining the
stream. ‘

A marked increase in the area irrigated by pumping
from wells took place between 1920 and 1930 and has
continued, being accelerated especially during 1934.
This development has been most notable in areas ad-
jacent to the various rivers, because of low lifts, and
has served to advance irrigation somewhat farther
eastward of its former practical limits. A continuance
of this advance may be expected, as the conditions
favoring it are closely identical with those already
described for Kansas. It will not be particularly
localized, however, and cannot be mapped for that
reason.

Duty of Water: The irrigation requirements set up
by Fortier for Nebraska ' assign a depth of 2 feet
for that portion of the State west of the meridian
marked by the eastern boundary of Colorado. From
that line to a point east of Kearney a depth of 1.25
feet is suggested. It is noticeable that the State sur-
vey '? utilizes about the same or lesser figures for net
duty for the same areas.

Grazing: This State has sufficient rainfall so that
forage for the grazing of livestock is available in prac-
tically all portions of the State not in irrigated or other
farms. Small badland areas in northwest Nebraska
are excepted.

Nevada

Irrigation Development: The meager water supply
permitted irrigation of but 486,648 acres in 1929 out
of a gross area under canals of 736,249 acres, ™ but
reservoir regulation in the future will improve the
distribution of the supply and strengthen the present
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irrigation. With the potential area spotted on the
map, plus 60,000 acres assumed as possible of irriga-
tion from ground water, the ultimate irrigation pos-
ibilities of the State aggregate 1,066,000 acres.

In perusing many reports on the State of Nevada it
is noticeable that irrigation discussion is generally
linked with the livestock industry. Likewise, mining
furnishes markets for much of the produce of local
irrigated lands. With the prospect of cheap power
from Boulder Dam, now approaching completion, it is
expected that there will be considerable extension in
the development of Nevada’s mineral resources and
additional demands for the products of irrigated farms.

With & low rainfall, practically none of the crop
agriculture of Nevada is conducted without irrigation.
The present water supplies are overappropriated and
the construction work of the immediate future will
consist chiefly of reservoir storage to supplement the
run-of-stream diversions.

Major areas under present irrigation are the valley
of the Humboldt River and the narrow ribbons of its
mountain tributaries, a small but highly important
section directly tributary to Reno, and the larger
acreage represented by the Newlands project of the
United States Bureau of Reclamation.

Future development in terms of irrigation can be
summarized as follows:

In Truckee River Basin there is a highly desirable
project that would relieve the tense situation involved
in the storage of water above the natural surface of
Lake Tahoe, yet provides storage to supplement the
flow of the Truckee River. The United States Bureau
of Reclamation has made various investigations looking
toward additional reservoir storage in Donner Lake,
Little Truckee River Reservoir, and enlargement of
Lahontan Reservoir, with a regulatory reservoir situ-
ated in the Truckee River proper. This prospective
storage is highly desirable to stabilize the supply for
the Truckee Meadows near Reno and to furnish ad-
ditional water for the Newlands project.

The irrigated lands in the Carson Valley should be
protected with additional storage on Truckee and
Carson Rivers. On the Humboldt River cooperative
investigations have been undertaken by the State and
Federal Governments to determine feasible storage
and river regulation to stabilize and improve this
excellent irrigation asset.

On the Walker River the present irrigation, largely
within an organized district, needs supplementary
storage, which has been located and which will provide
for the irrigation of certain additional lands surround-
ing the present farms.

In the extreme southern part of the State investiga-
tions are now under way to determine feasible areas
upon which water may be pumped directly from



Available Land

Boulder Reservoir to utilize some of Nevada's share of
the allotment to the Lower Basin States. (See p. 3.)

Additional use would be found for the power to be
generated at Boulder Dam, if made available to
ranchers in the southern part of the State at a low
charge. Substantial increases in areas irrigated by
pumping will be distributed among many of the wide
valleys between the mountain ranges that are scat-
tered across most of the State. An examination by
State officials indicates that many of these valleys,
aggregating some 6,000,000 acres, are underlain with
ground water. KEstimates as to the amount of this
land that could be irrigated, before exceeding annual
replenishment, vary from 1 to 5 percent. If the lower
figure be accepted, then some 60,000 acres of potential
land would be made more than acceptable, in that sup-
plementary feed for range stock and desert water supply
could be made available over large areas now inade-

.quately served.

Duty of Water: The irrigation requirement as set up
for the State of Nevada runs from 1.7 feet across the
southern end to 2.1 feet in the neighborhood of Fallon.
Of the areas now most heavily irrigated, the Humboldt
Valley is alloted 2 feet and the western section of the
State, near Reno, 2.1 feet. While these fizures appear
low, it is fully appreciated that the meager run-off
must be conserved to the utmost in order to irrigate
the maximum area of land—in the words of Dr. Fortier,
“for the largest agricultural development possible with
the extremely small available water supply.”

Grazing: The livestock industry is Nevada’s greatest
agricultural asset. Both sheep and cattle in great
numbers are grazed over nearly all the State except
the definitely desert areas that entirely lack natural
forage. In the spring natural forage is available in the
semidesert valleys. Summer feed is found in the
higher mountain elevations, Under emergency pres-
sure, alfalfa and meadow hay, raised under irrigation,
are principally relied upon for winter feed.

Use of the public range is so important to Nevada
that the State range commission was created by legis-
lative act in 1929. In the findings of this commission
it appears that some 53,000,000 acres, of a total of
70,000,000 acres within the State, is in unreserved
public land. This is the largest area and largest per-
centage for any of the 11 Western States listed in the
report. The chief value of the lands in the public
domain is for grazing purposes, for which they are now
completely utilized. In the few regions of 12 to 15
inches rainfell, grazing areas occupy all the land not
now used for dry farming.

The Garfield report to the President (1931) on the
Conservation and Administration of the Public Do-
main lists some 64,000,000 acres of grazing lands of
various types in Nevada.
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New Mezxico

Irrigation Development: In 1930 the total area that
could be served by existing works was 656,669 acres,
Of this, 527,033 acres were irrigated in 1929 “8, The
potential areas spotted on the map, plus 10 percent
of the underground districts definitely set aside for
the purpose, plus 1 percent of the Playas Valley area
mentioned below, aggregate some 434,000 acres for
possible future development, making the ultimate
irrigable area about 1,100,000 acres.

With the exception of scattered spots, irrigation in
New Mexico is practiced chiefly in the valleys of the
Rio Grande and the Pecos Rivers. The Rio Grande
can be considered as comprised of four major sections:
(1) that portion in Colorado irrigating the San Luis
Valley; (2) the Middle Rio Grande, where irrigation
has been conducted for hundreds of years, between
the point opposite Santa Fe and the upper end of
Elephant Butte Reservoir; (3) a portion comprising
the Rio Grande project of the United States Bureau of
Reclamation, irrigated by water stored in Elephant

“Butte Reservoir, and a narrow section along Rio

Grande above Fort Quitman at the upper end of 2
canyon; and (4) the important reach of the river
lying below the canyon section and expanding into
the great Lower Rio Grande Valley. (See Texas,
p. 21.)

Irrigation practice is made difficult by  the great
amount of silt carried by the main siream and many
of its tributaries. In the Middle Rio Grande Valley,
north and south of Albuquerque, irrigation has been
practiced for 800 years or more, according to evidence
of ancient Indian habitation. The recent work by the
Middle Rio Grande Conservancy District is an excel-
lent example of the rehabilitation that will be necessary
for many of the older irrigation systems of the country.
A comprehensive drainage system was installed to
relieve the ground-water troubles that had rendered
much of the land unfit for cultivation. Along with
the drainage system a very extensive irrigation system
was constructed, with several major diversion struc-
tures taking water directly from the Rio Grande.
The construction of the Vado Reservoir on the Chama
as a part of this project is causing some concern
to the irrigators below Elephant Butte Reservoir,
but there is a possibility of transmountain diversion
from one of the tributaries of San Juan River to re-
enforce the waters of the Rio Grande by replacing
any water captured at Vado Reservoir.

Scattered throughout the State are many Indian
reservations where the Federal Government has de-
veloped irrigation systems for its Indian wards. .The
areas on most of these reservation projects are insig-
pificant in extent but are highly important to the
Indian communities dependent upon them. Certain
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Indian tribes appear to take naturally to irrigation
practice, others do not.

A second major irrigated area in the State extends
along the Pecos River from above Roswell to 15 to 20
miles below Carlsbad. The solid irrigated area from
Roswell to Lakewood is supplied with ground water,
largely under artesian head. A definite boundary has
been established around the artesian area, within which
no new development by artesian water is allowed by
State authorities, The lower area, which is comprised
largely of the Federal Government’s Carlsbad project,
receives practically its entire supply from the river.
Adjoining the present Carlsbad project is a potential
area that will be dependent upon the construction of
reservoir storage.

Excepting the San Juan, potential areas are mapped
mainly on the basis of possible development of under-
ground supplies, as the surface supplies are known to be
fully used now. Two potential areas have been Jocated
and definite boundaries established for them, where
development may take place by means of ground water.
It is estimated that 10 percent of the total area indi-
cated can be considered as actual potential irrigated
areas. One of those lies in the southeastern corner
of Lea County. A similar definitely bounded area is
the Mimbres Valley in Luna County. Here the irri-
gation development is not restricted except under
protest of injured parties. A similar area is known
but not defined in the Playas Valley of Hidalgo County,
in the southwestern corner of the State. Here 1
percent of the total area of the valley may be reclaimed
by underground water. Near Tucumcari thers is a
large potential area to be irrigated by stored water
diverted from the Canadian River. This project of
some 65,000 acres appears to be highly regarded by
the engineers of the War Department %, and complete
detail of the irrigation plan and contemplated reservoir
storage is developed and reported in the citation given.

Duty of Water: The net irrigation requirement of the
State of New Mexico as set up by Fortier and Young '
varies from 1.6 feet in the northeastern portion of the
State to 2.6 feet in the Rio Grande Valley. In their
discussion of the Tucumecari area the War Department
engineers '® gdopted a duty of water of 2 feet, which
is 0.4 foot more than that suggested by Fortier and
Young.

Grazing: Western New Mexico is well covered by
mountain ranges in which torrential downpours oceur
at scattered periods during the summer season. This
precipitation makes summer grazing highly pra.c-tical.
Unlike most of the Western States, New Mexico grazes
cattle, sheep, and great numbers of goats, the latter
being especially favored by Mexican and Indian stock-
men. Certain of the Indian tribes do not take kindly

to agriculture except as expressed in their herds, Qthers
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are willing to farm in much the same way as their white
and Mexican neighbors. 7

Eastern New Mexico forms part of a great natural
cattle range, along with Texas, Colorado, and western
Oklahoma, but the grazing industry has gradually
declined since the fencing of the open range and the
utilization of local water supplies for irrigation. Much
of the crop agriculture of New Mexico consists of the
raising of forage crops to complement the livestock
business.

The Garfield report to the President (1931) on *The
Conservation and Administration of the Public Do-
main” lists some 39,000,000 acres of grazing lands in
New Mexico.

North Dakota

Irrigation Development: North Dakota has a negli-
gible area under supplemental irrigation, only 9,392
acres being irrigated in 1929 under systems capable
of irrigating 24,006 acres.” Actual irrigation of much
of the potential area of some 288,000 acres should be
considered as very questionable. The experience of
large systems in Canada and the United States indicates
that it is very difficult to operate canals from which
irrigation water is needed only in occasional years.
However, a total of 312,000 acres may be considered
as the ultimate irrigable area.

North Dakota is among the eastern tier of States
that include both semiarid western parts and semi-
humid conditions in the eastern counties. In some
years, such as the 1934 season, irrigation might be
relied upon entirely, as in States farther west, while in
other years it might be merely supplementary to the
natural seasonal precipitation. While extensive proj-
ects are offered in the western part of the State, experi-
ence with costly systems already installed does not now
encourage construction for large areas.

At the present time irrigation in this State is largely
confined to the Lower Yellowstone project of the
United States Bureau of Reclamation, a part of which
is in Montana. The water for this area is brought
by gravity from the Yellowstone River. Operation
of the North Dakota pumping project of the Bureau of
Reclamation, which originally contemplated the irri-
gation of some 25,000 acres in Williams County, has
been discontinued. ‘This project was largely completed
and put under operation about 1908, but fairly ade-
quate rainfall made irrigation unnecessery in many
seasons. However, recent studies by the Corps of
Engineers of the United States War Department, 1% 1%
indicate potential areas well over toward the center of
the State which far exceed the present area of irrigated
lands. It is possible that periods of dry years may
result in the construction of irrigation systems in parts
of the zone where precipitation alone bas been relied
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upon for crop agriculture, but in all likelihood only a
small part of the potential areas will ever be developed.

For areas closely bordering streams or definite sources
of underground water, reclamation by pumping is
feasible, the possibilities representing tracts of both
small and large extent. In his report on “The Irri-
gation Needs and Possibilities of the Great Plains’’ %

Fellows mentions this possibility, particularly as re-

gards the Missouri and its tributaries—the Heart,
Enife, Cannonball, and Grand rivers. In the largest
potential area offered for the State, in the Mouse River
Loop, Fellows suggests that a supply may be obtained
by storing the flood waters of the Mouse.

Any material increase in the irrigated area of North
Dakota will come as a result of economic changes in
present conditions. Where a crop “of sorts” can be
raised without irrigation it is difficult to promote the

"development of comprehensive irrigation systems to
serve large areas. However, with large increases in
population and increased appreciation of possibilities
of improving yields by supplementary irrigation, there

will probably be a place for much additional irrigation .

in this State.

Duty of Water: For the western half of the State,
Fortier'® assigns a net irrigation requirement of 1.35
feet. This low figure is indicative of his recognition
that irrigation is wholly supplementary to natural
precipitation.

Grazing: In its report on the “Land Classification of
the Northern Great Plains” '® the United States Ge-
ological Survey lists by counties some 6,000,000 acres of
nontillable grazing lands in western North Dakota,
while farming-grazing lands are shown to aggregate
some 2,000,000 acres. On the map they indicate as
grazing lands practically all areas not included in farms
or farm land.

Oklahoma

Irrigation Development: Irrigation in Oklahoma is
almost negligible in extent, less than 1,000 acres being
irrigated in areas adjacent to tributaries of the Arkansas
and two-thirds as much in areas on Red River and its
tributaries. As in the Dakotas, it is noticeable that
there was material decrease during the 10 years from
1919 to 1929; in Oklahoma this'amounted to 47 per-
cent. Yowever, about 10 years ago the United States
Bureau of Reclamation reported a potential area of
some 80,000 acres in Jackson, Kiowa, and Tillman
counties. About 20 years ago the United States
Geological Survey (**) reported that some 10,000 acres
might be put under irrigation in the valley of the North
Fork of the Canadian River near Oklshoma City.
This total was to be made up of areas scattered so that
not more than 80 acres would be reclaimed within a
square mile. In other words, the survey estimated
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that about 15 percent of a large blanket area might be
reclaimed by pumping from ground water,

The Oklahoma Panhandle extends far to the west~
ward, where conditions are similar to those in western
Kansas, definitely requiring a water supply for suc-
cessful conduct of crop agriculture, while the main body
of the State lies south of the eastern half of Kansas in a
zone where extensive farming is carried on without
urrigation. In the western part of the State supple-
mentary irrigation would undoubtedly increase crops,
and irrigated areas near either surface water or ground
water will in all likelihood increase as economic condi-
tions warrant the added expense.

Duty of Water: As a net irrigation requirement For-
tier ' set up 1 foot in depth for the main portion of the
State west of Oklahoma City, where irrigation would be
considered as supplementing the natural precipitation.
Farther west, in the Panhandle, he suggests 1.25 feet,
with the idea that irrigation will be less a supplementary
and more nearly a primary supply.

Grazing: Before Oklashoma was thrown open for
settlement it was considered part of the great cattle
range of the Southwest. Encroachment of farms and
fences has largely confined the open grazing to the un-
fenced portions of the Panhandle and the other western
part of the State.

Oregon

Irrigation Development: In 1929 there were 898,713
scres nrrigated from systems capable of watering
1,158,210 acres ??, It is estimated that some 2,355,000
acres additional may be considered as potential areas.
This includes more than 1,000,000 acres in the Willam-
ette Valley, which will eventually require supplemen-
tary irrigation. The total ultimately irrigable area is
therefore about 3,513,000 acres.

The Caseade Mountains divide Oregon into two
distinct parts. The eastern slope is wholly dependent
upon irrigation for erop agriculture, other than forage
and grain crops in certain favored spots. West of the
Cascade Mountains, except in the Rogue River strip
from Ashland to Grants Pass, much of the agriculture
has been conducted without irrigation. The greatest
potential area of the whole State is in the Willamette
Valley. Reports of the War Department ™ offered
513,900 acres as s potential area for supplementary
irrigation in this great valley; but Powers in his
“Twenty-five Years of Supplemental Irrigation In-
vestigations in Willamette Valley”” ' establishes a case
for 740,000 acres of good irrigable land and 419,000 of
fair irrigable land, which are the figures published in
this report. Powers estimates that some 20 percent of
the valley’s total area would be improved by irrigation.
Much of the area offered as potential would require the
installation of a drainage system as & preliminary to
irrigation.
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The extreme southeastern portion of the State has
used its meager water supply largely for raising hay and
forage crops in conjunction with the livestock business.
In the extreme east central section, where the Malheur
and Owyhee join the Sneke, there is a continuation of
an extensive irrigated area that begins with the Boise
Valley in Idaho. The United States Bureau of Rec-
clamation is just completing works that will furnish
needed supplementary water for much of the land now
served by gravity from the Malheur and Owyhee
rivers and by pumping from the Snake, and a full
supply for the additional irrigable area.

In the north central portion of the State, south of the
Columbia River, is a large block included in two pos-
sibilities. The John Day project of some 166,000 acres
is considered feasible of irrigation from the John Day
River when the flow of that stream is regulated by the
development of known storage sites. All this area and
an additional block of considerable size is included in
three separate units for which irrigation is proposed by
pumping from the Columbia River ?. In this land
use report the figures for areas to be irrigated by pump-
ing from the Columbia have been accepted as against
the figures for the John Day project, as they include a
larger acreage.

Near the central part of the State there is an exten-
sive area tributary to the lumber town of Bend, all
irrigated under group organizations. The United
States Bureau of Reclamation has conducted several
studies looking toward the use of Deschutes River for
further reclamation in this area. With storage of some
400,000 acre-feet possible at Benham Falls Reservoir
site above Bend, and smaller sites still farther up the
river, it appears that much additional area might be
developed. The Deschutes River is a remarkable
stream with respect to the uniformity of its flow and to
the hydroelectric possibilities it offers because of its
rapid fall from headwaters to its junction with the
Columbia. The lower part of its course lies for miles
at & time in deep canyons where direct diversion could
pe made only at high cost. Just below the mouth of
the Deschutes, in an area tributary to The Dalles, is a
potential area of some 10,000 acres where conditions
are somewhat similar to those typifying the great apple
and pear region a few miles farther down the Columbia.
Near Hood River much of the land already irrigated is
in need of more water, which can only be supplied by
the development of reservoir storage.

Near La Grande is a potential area of some 25,000
acres that might be served by two possible reservoir
storages with aggregate capacity of some 84,000 acre-
feet. An alternate possibility for this areq lies in the
‘Grande Ronde site on the river of the same name
above the town of Perry. At this site possibly 200,000
‘ucre-feet of water might be stored.
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Duty of Water: The irrigation requirements pro-
posed by Fortier, 2° range from 2.0 to 2.7 feet east of
the Cascades, with 1.2 feet for supplementary irrigation
for the area including the Willamette Valley. To the
southwestern corner of the State, with an area including
the Klamath Falls project of the United States Bureau
of Reclamation, the Klamath Indian Reservation, and
the area between Medford and Grants Pass, a figure
of 1.5 is assigned.

Grazing: Much of the eastern half of the State has
long been used for extensive grazing of sheep and
cattle. Much of the extreme southeastern portion is
covered with ranches developed in the empire of the
early cattle kings of California. As in the other
Western States, the national forest reserves are utilized
to a large extent for summer grazing, with winter feed
being supplied by the products of irrigated ranches.

The Garfield report to the President (1931) on the’
“Conservation and Administration of the Public
Domain” lists some 25,000,000 acres of grazing lands
in Oregon,

South Dakota

Irrigation Development: The area irrigated in 1929
was 67,107 acres under systems capable of irrigating
109,550 acres.®” This is a marked decrease from the
figures of 1919 when the corresponding area irrigated
was 101,000 acres of 151,000 acres which could be
supplied. The investigations of the War Depart-
ment ®' %5 gnd unpublished reports on the main stem
of the Missouri River indicate that some 71,000 addi-
tional acres can be listed as potential, including some
needing supplementary water. These largely extend
east from the present development, down the Cheyenne
River almost to its junction with the Missouri. The
great decrease in the use of irrigation during the 10
years between the last two censuses would tend to
discourage extension of irrigated areas in terms of
large systems, especially in the region of larger pre-
cipitation eastward. However, about 220,000 acres
may be taken as the ultimately irrigable area.

South Dakota includes a semiarid western section
where irrigation is almost a necessity except for wet
seasons. -In the eastern part of the State no irrigation
is needed. The midway zone includes neither present
nor potential irrigation projects.

The largest single block in irrigation at present is
in the Belle Fourche project of the United States
Bureau of Reclamation. In addition to the present
irrigated area there are extensions of several thousand
acres that may be brought under cansal in the future.
This project is an example of the beneficial effects of
an irrigation supply, supplementary to natural pre-
cipitation, in increasing crop yields. Nevertheless, the
irrigated area of the project was materially reduced
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between 1920 and 1930, as was the case for the State
as a whole.

The War Department #! shows the large Angostura
project on the south fork of the Cheyenne and smaller
areas upstream, extending across the State line into
Wyoming. Farther down the Cheyenne lies a second
large project. These potential areas are considered
in connection with proposed extensive reservoir storage.
The War Department cites possible reservoir storage
in the basin of the Cheyenne to the extent of some
400,000 acre-feet. At present there are no large
reservoirs for irrigation under private enterprise. The
Federal project at Belle Fourche has a capacious
reservoir immediately adjacent to the irrigated lands.

Duty of Water : The irrigation requirement as set up
by Fortier #¢ for the western part of South Dakota
allows a net depth of 1.5 feet. The War Department
points out that the average duty for 15 years on the
Belle Fourche project was only about 1.1 acre-feet per
acre. However, it assumes a duty of 1.8 acre-feet
per acre for the projects on the Cheyenne.

Grazing: In its report on Land Classification of the
Northern Great Plains 2® the United States Geologi-
cal Survey indicates some 10,000,000 acres of non-
tillable grazing lands, some 1,400,000 acres in tillable
grazing lands, and about 8,000,000 acres in farming-
grazing and grazing-forage lands combined. In that
report the acreage is listed by counties. It is notice-
able that some 250,000 acres are listed as irrigated
land. This is greatly in excess of the areas under
irrigation in 1929, which, as stated above, showed a
trend toward less rather than more irrigation in South
Dakota.

Texas

Irrigation Development: While & very small portion
of the total area of Texas is under irrigation, the areas
affected are highly important to those parts of the
Btate. Of the 1,177,415 acres that could be irrigated
in 1930, 798,917 acres were actually irrigated in 1929.%
As indicated below, much of the potential area is
extremely hazy in both location and extent. How-
ever, State authorities and the American section of the
International Boundary Commission estimate some
1,130,000 acres of potential Jand may be given over to
irrigated agriculture in the future. Hence the tfotal
ultimately irrigable area is about 2,307,000 acres.

Texas extends completely across the zone bounded
by the 50-inch rainfall lines at the extreme eastern side
of the State and the 10-inch line in the extreme western
part. However, the largest irrigated area lies in the
region with 20 or more inches of precipitation. The
irrigation possibilities are widely scattered over the
gouthern half of the State, from the eastern rice fields
near Beaumont to the El Paso-Juarez Valley near El
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Paso. In the interior the best-known area is in the
neighborhood of San Antonio, where canals several
hundred years old have brought water to the lands
surrounding the Spanish missions. A more modern
project, some 50 miles from San Antonio, depends upon
storage in Medina Reservoir for a water supply.

Federal authorities have made comprehensive studies
of the resources of Rio Grande and its tributary
streams and have determined the acreage that might
be served by their waters. However, the listing of
acreages in the various counties was restricted by the
placing of & limit on the total acreage that might be
reclaimed from the waters of the Rio Grande. Hence,
potential areas throughout the valley are largely un-
certain as to definite location and extent, as ordinarily
records do not come before the State authorities until
claim is made for water rights.

In the El Paso-Juarez Valley practically all the
irrigable area is now under canal, except certain loops
in the river which will be transferred from Mexico to
the United States upon completion of the works now
under way. This construction will rectify the channel

" of the river from El Paso to Fort Quitman, shortening

this part of the stream from 155 to 88 miles. The
loops now in the United States, lying south of the line
of channel change, will become Mexican soil, while the
loops now lying to the north of the new channel will
shift into the United States.

There is no potential area in the upper canyon sec-
tion of the Presidio Valley. In the lower canyon sec-
tion there are some 8,000 acres of potential land in
excess of the area now under works, while in the hill
section between the lower canyon and the Lower Rio
Grande Valley there are some 153,000 acres entered as
potential land. In the Lower Rio Grande Valley, with
approximately 500,000 acres now under works, the
total irrigable area will be almost 400,000 acres more
than that area. In its report 2 the American section
of the International Water Commission shows that ulti-
mate possibilities of the river depend on reservoir stor-
age to be developed, 4,100,000 acre-feet of storage and
1,600,000 acres of new land being set as the ultimate
possibilities.

Duty of Water: The irrigation requirements set up by
Fortier and Young *? varies from 1.1 feet near Fort
Worth to 2.4 feet in the western side of the State near
El Paso. The section including the largest potentiul
areas, that of Lower Rio Grande, was set at 1.75 feet.
Irrigation in the Lower Rio Grande Valley is supple-
mentary to a fairly heavy rainfall which comes at uncer-
tain intervals through the season. Unfortunately, pe-
riods of wet weather in which no irrigation is required
are simultaneous with the periods of heavy flow in the
river, as there is no present storage on the Rio Grande
proper below Elephant Butte Dam in New Mexico.
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There are several sites for reservoir storage in the
main channel. I{ is the present understanding of
authorities familiar with the Lower Rio Grande Valley
that the irrigated area in that section should not be
extended without provision for reservoir water, as the
present flow of the stream is fully utilized except during
periods when no irrigation is required. There are cer-
tain minor reservoirs now in operation, situated away
from the river, which rely on flood waters,

Grazing: The range lands of Texas have been known
the country over since its earliest days. As in other
range States, the building of fences, the transition from
range to farm land, and the enclosure of existing water
supplies have reduced the range possibilities. However,
much of western Texas is still devoted to the stoek
industry, and practically all this portion of the State,
outside of farmed areas, may be considered as perma-
nent grazing land.

Utah

Irrigation Development: In 1929 there were 1,324,125
acres irrigated in systems which could serve 1,542,475
acres. Ncw lands which can be classed as potential
areas aggregate some 600,000 acres, but efforts for some
time to come will be concentrated on construction to
make more secure the water supply for the present
areas under canal. It is estimated that some 900,000
acres of the area now irrigated require a supplementary
supply of water. The total ultimately irrigable area is
about 2,165,000 acres.

The reports of the 1930 census of irrigation #*? show
figzures which probably represent the ultimate efforts
of the small groups that have constructed irrigation
systems in Utah, Both supplementary water for the
future and water necessary for the potential areas can
only be made available through organization and
financial assistance beyond the capacity of local
interests.

Crop agriculture in Utah is quite commonly con-
sidered in termns of irrigated lands, Beginning in 1847,
the Mormon settlements in the valleys east of Great
Sult Leke led the way in developing irrigation prac-
tices for much of the West. The present problem of
this highly developed region is comparable to that of
the eastern slope of the Rockies in Colorado, in that
supplementary water must be made available to aug-
ment the natural flow of the streams even before expan-
sion is to be considered. Many studies have been
made during the past few years by the United States
Bureau of Reclamation looking to the development of
reservoir storage, the coordination of many canal
systems, and rearrangement of irrigation service for
large areas. At present the Bureau is conducting a
general study of the Colorado River Basin for deter-
minations described on page 3. This has proceeded
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far enough to indicate that Utah’s full use of its prob- -

able allotment from the 7,500,000 acre-feet allocated to
to the Upper Basin States would involve several trans-
mountain diversions, Thus far 10 of these have been
definitely located, of which 5 involve tunnels from 0.1

to 11 miles in length and the other 5 involve transporta-

tion from one watershed to another through mountain
passes,

Much of the present irrigated land of Utah lies in
the Great Basin. It is noticeable that but little poten-
tial area is indicated there, the great concern of this
State being to build reservoir storage, transmountain
diversions, and additional canals to supplement the
present supply for both irrigation and municipal uses.
One project under present study, and subject to much
local discussion, is typical of the complex nature of
these rehabilitation projects. It is proposed to divert
water from the upper Duchesne River through a tun-
nel into the upper reaches of the Provo River. Even-
tually a second transmountain diversion will be made to
reinforce the upper Duchesne with water from the
Granddaddy Lakes region now tributary to Rock
Creek, Water is to be allowed to flow down Provo
River, then stored in Deer Creck Reservoir on the
river below Heber. As released from the reservoir,
it will be diverted into & high-line canal skirting the
agricultural area between Provo and Jordan Narrows.
An extension of this canal will carry water above the
present lands of Jordan Valley to an intersection with
Parleys Canyon Creek. Various plans for the utiliza-
tion of Deer Creek Reservoir differ slightly from the
outline given above, but the latter shows the many
complexities that enter into a complete revision of the
water supply tributary to an area that long ago had
utilized its run-of-stream supply.

Another item indicating the practical extremes to
which the conservation of water may be carried
involves irrigation surrounding Utah Lake. This is a
body of fresh water connected with Great Salt Lake
by Jordan River. Much of the marginal area of the
lake is shallow and it is proposed to construct a dike
that will confine the water to the deeper portions.
This is a region of excessive evaporation, and it is
believed that the water saved by the lowered evapora-
tion resulting from the reduction of the water area
will more than pay for the cost involved.

In the Colorade River Basin several potential
projects are offered along the Green River above its
junction with the Colorado. Some of the areas
immediately adjacent to the stream are shown on the
map as conflicting with potential reservoir sites, but
it is believed that the areas in conflict are not of moment
for many of the sites will be developed only in the
distant future. Figures representing the potential
areas are taken from the Geological Survey study of
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. the Green River, It is probable that more detailed
surveys included in the present study of the Colorado
River Basin by the Bureau of Reclamation will result
in the revision of the project areas, with possible addi-
tions and rejections for various causes. When made
available, the altered data should permit proper
correction of the maps.

One of the most extensive studies conducted by
the Bureau of Reclamation involves the rehabilitation
of the irrigation systems in Cache Valley. A number
of reservoir sites on the various tributaries entering
this valley offer possibilities of supplementing the
present run-of-stream irrigation, but little potential
area is added to that already irrigated. This study
shows possibilities of bettering the water supply for
some 90,000 acres.

Duty of Waler: Fortier ® sets up approximately
2 feet as the irrigation requirement for all land in the
Great Basin, though showing a variation ranging from
1.8 feet in the southwest corner, where the meager
water supply must be used to the utmost, to 2.2 feet
in the Provo and Salt Lake Valleys.

Grazing: There'is very little plains pasture in sum-
mertime. Stockmen take their herds into the moun-
tains, largely to forest reservation areas. However,
during the winter much of the southern desert lands
receive precipitation so that they can furnish pastur-
age for both sheep and cattle in large numbers. Many
of the stockmen who own ranches rely on irrigated hay
crops for winter feed during seasons too severe for the
stock to find their own sustenance.

The Garfield report to the President {(1931) on *“The
Conservation and Administration of the Public Do-
main” lists some 38,000,000 acres of grazing lands in
Utah. '

Washington

Irrigation Development: Washington in 1930 had un-
der its existing irrigation systems 631,511 acres, of which
499,283 acres were actually irrigated in 1929.7® Of
this area it is estimated that some 300,000 acres are in
need of supplementary supplies to strengthen present
irrigation use. The possibilities aggregate an addi-
tional 2,000,000 acres, the total ultimately irrigable
area thus being about 2,700,000 acres.

Washington is divided by the Cascade Mountains
into two distinet types of country. With excessive
snowfall, this range is an excellent collecting ground for
the water supply of many fine streams.

With few minor exceptions, the sections now irri-
gated are east of the Cascades, particularly in the val-
leys of the Yakima, Wenatchee, Methow, and Okana-
gan Rivers. All this area lies in the drainage basin of
Columbia River. Minor areas in Spokane Valley and
in the southeastern corner of the State complete the
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picture of agricultural development under present irri-
gation east of the Cascades. The potential areas lie
in a few large blocks.

West of the Cascades irrigntion has not heen prac-
ticed to any great extent, although a few spots are
indicated on the map as under irrigation at the present
time and there are also a few small areas classed as
potential land. The State officials emphasize the point
that one small area is indicated as feasible in the ex-
treme western side of Clallam County, in a region of
80 or more inches of rainfall. It is conceivable that
the people living west of the Cascades will watch with
interest the irrigation developments in the Willumette
Valley of Oregon. If the additional yields in that area
are commensurate with the costs of irrigation, it is
conceivable that many areas in Washington would
likewise benefit by supplementary irrigation.

The irrigated areas on the eastern slope lie in a few
well-known sections. In the extreme east is a block
tributary to the city of Spokane; on the Okanagan are
several tracts in group organization and one relatively
large area in the Okanagan project of the Bureau of
Reclamation; on the Methow River is a long narrow
ribbon adjoining the river, with certain additional spots
indicated as potential. One of the well-known fruit
areas of Washington is the Wenatchee Valley.

The Yakima Valley in the neighborhood of Ellens-
burg has been irrigated for many years under group
organization, and a large area in the Kittitas project
has recently been placed under canal by the Bureau of
Reclamation. The Yakima Valley from above Naches
to the Columbis River is a wide and almost coatinuous
belt of land irrigated either under canals operated by
groups of farmers, as several units of the Yakima
project constructed by the Bureau of Reclamation, or
as tracts in Indian reservations operated by the Bureau
of Indian Affairs, Swrrounding the present irrigated
block on the Yakima are potential areas aggregating
some 170,000 acres. This great valley is served by
direct flow supplemented by numerous stornge reser-
voirs constructed, in the main, by the Bureau of Recin-
mation. In the upper reaches of the streams along the
Chscades in both Washington and Oregon are numerous
lakes that would lend themselves to enlargement into
excellent reservoirs,

Of the potential areas of the United States the one
now attracting the greatest attention is represented
by the Columbia Basin project, which was originally
conceived to inelude from 1,000,000 to 1,750,000 acres.
Several surveys have been made of it. Under con-
struction now is the Grand Coulee Dam, which initiates
a plan that looks to the reclamation of about 1,200,000
acres under pumping lift. This project incloses much
of thegreat grain area known as * the Big Bend country.”
With cheap power available from Government hydro-
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electric plants, it is conceivable that the present ideas
of economic pumping lift can be so altered that some
excellent land lying above the present project will
ultimately be brought under canal.

The second great area that may be made attractive
in the future is comprised of the excellent lands con-
tained in the so-called “Horse Heaven project,” north
of the Columbia where it forms the boundary line
between Washington and Oregon. This area is con-
sidered to contain about 200,000 acres of net irrigable
land, the higher parts of it reclaimable under reser-
voired water from the Klickitat while the lower areas
may be served from the Columbia by high-lift pumping
plants. This area usually has not been considered in
terms of pumping from the Columbia, but the pos-
sibility is now suggested by the prospect of cheap power.

Scattered throughout the State, as indicated on the
map, are small areas of a few thousand acres each that
may ultimately be brought under irrigation with more
complete conservation of the streams commanding
them.

Duty of Water: In setting up water requirements,
Fortier and Youung *¢ recognize that irrigation east of
the Cascades is not to be considered as supplementary
to precipitation whereas for the western slopes about
half as much as the eastern allotment is set up for
supplementary irrigation. In the great area that
includes the Yakima Valley, the Columbia Basin
project, and the Horse Heaven project, a duty of 2.8
feet is offered. In the northeastern corner of the
State 2.2 feet is allowed, and to the Okanogan country
an intermediate amount is allotted. In a report on
the Horse Heaven district an average gross duty of 2
feet is set up, which would make the net duty less than
that offered by Fortier.

Grazing: Agriculture in Washington has been con-
sidered in terms of grain and fruit rather than of stock
raising. Like California, eastern Washington becomes
dry and brown duripg the summer season, which
encourages the pasturing of livestock within the higher
mountain areas. Heavy snowfall requires the removal
of this stock during the winter, and pasturage sup-
plemented with forage raised on irrigated farms is
obtained in the lower valleys.

Wyoming

Irrigation Development: In 1929 this State contained
1,655,008 acres of land that could be irrigated under
the available systems, of which 1,236,155 acres were
actually irrigated during 1929 2. The potential
area within this State comprises some 2,400,000 acres
additional. Within this potential area is included
that covered by the Casper-Alcova project now under
construction. The total ultimately irrigable area is
nearly 4,100,000 acres.
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Irrigation in Wyoming is a result of a gradual
transition from the old cattle range developed in the
last quarter of the nineteenth century, so it is largely
carried on 8s an adjunct of the stock-raising business.

Like Colorado, Wyoming contains the headwaters
of many major streams that are used for irrigation
beyond the boundaries of the State. The present irri-
gated areas lie in five main basins draining into North
Pacific Ocean, Gulf of California, or Gulf of Mexico.
In the southwestern corner the Colorado River drain-
age, represented by the headwaters of the Green, is
used for the irrigation of mountain and plains valleys.
There are possibilities for much additional area on this
stream in order for Wyoming to utilize some of its
share of the Upper Basin allotment of 7,500,000 acre-
feet of water. (See p. 3.) The northwestern portion
of the State in the Snake River drainage furnishes
much of the water eventually used in Idaho, although
the mountain valleys of Wyoming are almost completely
irrigated. The Big Horn River drains mountainous
areas of fairly heavy precipitation. Present and pros-
pective storage will make large areas feasible of irriga-
tion. Major tributaries of the Big Horn have larger
areas in irrigation at present than the main stream.
The extreme northeastern part of the State contains
some possibilities but little actual irrigation. The
southeastern quarter lies in Missouri River drainage
and is well spotted with small irrigated areas watered
by canals under private enterprise.

The largest part of the present irrigation develop-
ment in Wyoming has come about through individual
and cooperative effort, except for the great projects
developed by the United States Bureau of Reclama-
tion. These latter include the Shoshone project in
northwestern Wyoming, served with the fine. reservoir
storage in Shoshone Reservoir, and the North Platte
project in the extreme eastern portion of the State,
which utilizes water stored many miles upstream at
Pathfinder Reservoir, recently supplemented by smaller
reservoirs nearer the farms. In the center of the State
the Riverton project includes an ares adjacent to
Wind River Indian Reservation and tributary to the
town of Lander. The map shows extensive potential
areas in nearly all parts of the State. _

The great potential ares shown in Green River
Basin is made up of many smaller projects which might
be developed as units. The study of the United States
Geological Survey ° lists 520,000 acres of additional
land ss irrigable in the Green River Basin. Advance
sheets of the Colorado River Basin study being con-
ducted by the Bureau of Reclamation reduce this area
to approximately 400,000 acres additional. This is no
more than the reduction that is to be expected when

any blanket aresa is subjected to the refinement of a
land classification.
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South of Yellowstone Park the great Jackson Hole
country contains the headwaters of Snake River.
(See p. 10.) Some 90,000 acres in Wyoming are now
irrigated from this stream. All irrigated land in this
basin pays good dividends in the raising of feed for
livestock and dairy cattle.

Yellowstone National Park occupies the extreme
northwestern corner of the State. From an irrigation
standpoint, Yellowstone Lake, with some 90,000 acres
of surface, appears to furnish an excellent opportunity
for storage without marring scenic beauty. A small
regulatory dam and bridge would store water some 6
feet above the present surface, or approximately
534,000 acre-feet, at a low cost and without changing
the present range of fluctuations of the surface. There
are also possibilities affecting some of the tributaries
of the Yellowstone by way of transmountain diversions
which would materially reinforce the waters of Big
Horn Basin so as to permit service fo its extensive
areas of potential land.

East of the Big Horn Mountains the country from
Buffalo to the State line, tributary to Sheridan, con-
tains numerous large well-watered areas. The potential
lands for this area form a continuous block surrounding
the present ranches.

As North Platte River leaves the State to enter
Nebraska, the North Platte project, situated in both
States, covers an impressive area. While areas ad-
joining the present irrigated lands are also susceptible
of development if various adjustments of water can be
effected, numerous reservoir sites still to be developed
in Wyoming and Nebraska might open the way to
various exchanges of use of the present flow of the
stream.

Construction of the system to serve the Casper-
Alcova project was recently commenced, but its con-
tinuance is now threatened by interstate litigation over
water rights., The planned construction includes the
building of Seminoe Reservoir, the site of which offers
an ultimate capacity of some 1,360,000 acre-feet,
though present plans involve only about 950,000 acre-
feet. By the release of water from this reservoir a
large area near Casper is to be made irrigable, and cheap
power is expected to encourage the development of
many pumping units scattered along the Platte River
in locations where gravity diversion is not feasible.
The coloring on the map indicates that the Casper-
Alcova project is under irrigation, but the ares is listed
as potential in table II.
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On Laramie Pleins there is extensive irrigation at
present with water originating largely in Colorado.
Likewise, extensive potential areas are shown as inter-
spersed with the present irrigated lands. Leaving this
area, the Laramie River passes through a canyon see-
tion to come out on the plains surrounding the town of
Wheatland, which has long been under irrigation with
water from several tributaries of the Laramie. Sur-
rounding this area, under present irrigation, is a large
potential block that merges into the Goshen Hole area
adjoining the North Platte project.

Much of the future development of the North Platte
and its tributaries in the States of Colorado, Wyoming,
and Nebraska is dependent upon a final adjustment of
water relations between those States,

Duty of Waler: Nearly all the irrigation waters of
Wyoming are used under decreed rights, at & uniform
rate of 1 second-foot for each 80 acres of land. Under
an assumption that the irrigation season is approxi-
mately 100 days, this would give a gross irrigation
requirement of some 2.5 acre-feet per acre. Because
much of this State is of geologic formations that en-
courage extensive return of waters to streams, a lesser
amount can be accepted readily as a net duty.

The irrigation requirements as set up by Fortier
and Young #8-3 gppear to conform to the State re-
quirements very closely. Forinstance, those investign-
tors offer 1.6 acre-feet per acre for Green River Basin
and about the same amount for Missouri River Basin
lands, while the duty set for Snake River Basin by
Wyoming is given as 1.7 acre-feet per acre. Con-
sidering the heavy return flow that would take place
in this river and the numerous summer showers, it
would appear that this amount is more than liberal.

Grazing: Agriculture in Wyoming has been built
around the coordination of the livestock and dairy
industries, with irrigated crops to carry the stock
through the rigorous winter season. Most of Wyoming
outside of the farmed areas and the more rugged
mountain elevations, may be considered as grazing
land, with much of the plains area grazed throughout
the year except in the most severe weather. The
practice of driving all the herds into the higher moun-
tains throughout the summer is not general in Wyoming.
Both cattle and sheep are grazed in great numbers.

The Garfield report to the President (1931) on the
“Conservation and Administration of the Public
Domain"” lists some 38,000,000 acres of grazing
lands in Wyoming.
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TasLe 11.—Present irrigation development and ullimale possibilities of irrigation development by Stales and slream basins

Annual Irrigation re-
quirement, addition- | Distribution of additional [rtigable aren according to
Present development al to natural preeipi- estimated costs of reclamation
tation 3
Additional
irrigable | Vltimate
State and stream basin ‘ JR— (poten- k:lrgtile
- ’ rl
Area lrri- | prises were tial area) Total for |Lessthan I%gg‘;%"é‘ '[agm"; More | 3oqcer
gated in | capable of Depth | witimate ir- | $50 per $100 per | %200 per than $200 minste
19201 Irrigating rigable area acre T acre acre per acro
In 19304
ARIZONA
e8 Acres Acres Acres Feet Acre-feet Acres Acres Acres Acres Acres
.g?c;' 59 819,399 754,000 | 1,574,000} () 4, 603, 720 19, 700 33, 000 39, 100 | 504, 600 68, 200
54,732 3.0 1,935,000 |acemnaem-a- 12, 000 38,700 | 514,600 12, 600
22 23 1,800 | oo ivenafemccrcaan (USSR RSP RS,
44 23
1,111 2.3
Little Colorado River nnd tributaries. ..._. 13,652 23
Little Colorado River direct...... ... 7,240 2.3
Nutrioso Creek ... _oiminen-- 22 3
Concho Creek o eme oo 8233 2.3
Other tributaries..... . .ocoocueoo. B, 358 23
Gila River and tributarles. ................ 500, 160 0]
Glla Rlverdirect. .o ooomreeeemo 29
8an Franclsco River...c.coceveaocaaot 26
Son Podro River ... . c.cocmeevcraaes 2.6
Eanta Cruz River.. .. .vicecicamene- 3.0
Salt River and tribotarles. .. _......... 3.0
Salt River dlreot....ooocueocaaeannn a0
Tonto Creek . .ovoomiemenan-- 10
Rlo Verde . .o cincamnrnan 3.0
Other tributaries. ... .... 3.0
Agua Frin River..o v coevemaeeen o 3.0
Hassayampa River. .. .....oo..c...... 3.0
Other tributaries of Gila River...... .. 27
Other tributarles of Celorado River.... .. 23
Whitewater Draw and tributarles. ... ....... 2.6
Total for State. ... ..coceeeoomcmomananns ¢}
CALIFORNIA
North Pacifle. . ...ouvre e e ccveccceacaeaman s Q)
Bacramento b....coc.cennrcnn-.. (1}
8an Joaquin Rivor.eeee ..., {9
8an Francisco Bay__..__..._.... §q
Central Paciflc coast.. 1)
Bouth Pacific coast. (4]
Great Basin 7. ... &
Total for Btate. oo oo 4,748,832 | 6,815,250 (O]
COLORADO
South Platte River and tributarles.........__. 1,223,423 | 1,389, 161 ")
South Platte River direct__________..._..__ 456,017 488, 807 21
Bear Creek. . - 12,824 12,908 22
Clear Creek. oo een e 85, 676 131,778 2.2
8t. Vrain Creek_....._.__.... c——- 179, 569 205, 401 22
Big Thompson CreeK. ..o 92,704 100, 753 2.2
Biz Beaver Creek - ——-- 8,470 10, 470 2.2
Cache In Pondre RIver. oo cmccamamaaaas 285, 160 324,523 2%
T.one Tree Creek.......... ——— 1,447 1,457 22
Crow Creek ... ...... caca 98 1,226 2.2
Other tributarles. .o oo . 99, 660 111,748 2,2
Republiean Rivor and tributaries... __._____._ 3,375 4,465 21
8moky Hill River and tributarkes...______..__. 30 2.1
Arkansas River and tributaries..... R 558,072 (0]
Arkansas River direct. 346,178 52.2
South Fork... 10, 008 2.1
Fountaln Riv BA4 2.1
8t. Charlas Rlve 10,177 2.1
Huerfano River. 54,103 2.1
Apishapa River, 5,199 21
Pargatolre.._... 32,700 2.3
Clmarron River 129 2.3
Other tributaries....veeemeoaeacccamcamcnnns 76,716 12,2
Rlo Grande and tributarles. ... .. ..ceo..- 551,142 1.8
Rio Grande direct. o coevmenaa o _____ 356, 060 1.8
Alamosa River, - 30,218 1.8
La Jara River oo . 9,180 1.8

1 1. 8. Buresu of the Census, Irrigation of Agricultural Laads.

*In round numbers.

" %::legb?: Department Bulletin 1340 and Technical Bulletins 36, 185, 200, and 370 of the U, 8. Dopartment of Agriculture.
? Includes Bacramento-San Joaquin delta.

¥ Includes requirements for salinity control.

7 Incluades Imperial and Coachella Valleys.

§ Averago.
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Tasre IL—Present irrigation development and ullimale possibililies of irrigation development by Stales and stream basine—Continued

Aunnuaol irrigation re-
guircment, addition-] Distributlon of add tipnal [rrigablo aren according Lo
Present development ul to nataral precipi- sstlmatod costs of reclamation '
Additional on
Ultimata
"State and stream basin Aren antor- n,f,:’f,?ﬁ’égn_ lrrigable
Area e | prise waro | 41 %% poptn | upitifor |Lassnen | Bebon | Benes | More | roger
L op D o Ber | $100 per | $200 per | tham minnte
1829 lrilggil';:i’gg rigable area acre nero nere por acto
COLORADO—Continued
Rio (ﬁ)?enjodse axllse:ﬂbumrles—Cnntlnued. Ascae;m Aggegws Acres Acres ﬁ;ug Ac{;—d’cﬁm Acres Acres Acrea Acrer Acrea
Trinehers RIVET..-omoomemsns ooonon o 14, 838 03, 228 1.8 113, 800
Other tribataries 59, 921 77,071 1.8 138, 800
8an Juan River and tributaries. .o oooooooooo_. 120,811 159, 187 1.8 640, 400
San Juan River direct oo caeeean- 2,282 2,878 19
Los Pinos River. . 42, 881 57,832 1.9
Animas River 27,233 20,374 1.9
La Plata River. . 24,308 29, 920 1.9
Mancos River. . ___.____ - 13,167 16, 200 L9
Other tributaries. - 19, 890 22, 986 1.0
Upper Colorado River and tributaries____..... 622,714 780,042 L7
Upper Colorado River direct. 04, B55 L7
Fraser River___ ... ___._._. 4, 164 1.7
Muddy Cmek .......... 6,448 L7
Blue RIVer e v vrrrmraree - 10, 725 L7
12, 590 L7
of, 833 17
258, 872 L7
20,302 ggg L ;
L
17,336 22, 407 L7
North Fork... 38,725 51,977 1.7
8mith Fork...._... 10,320 23,876 1.7
Uncompaghre River 89, 670 100, 767 1.7
Other tributaries.... 73,121 a1, 874 1.7
Rio DoloreS...-... 80, 430 106 457 .7
Qther tributaries. oo oo aeeraceeaee 83, 508 102, 219 1.7
Tributaties of Green River. ... .- 103, 838 137,120 1.36
Yampa River and tributaries....__........ 74,753 103, 840 1.35
ampa River direct...... 22,138 28, 187 1.35
Little Snake River........ 7,884 11,003 1.36
Other tributaries..ooooooococeeeee s 44, 731 04, 750 135
‘White River. 7,773 31,648 1.35
Other trlbutaries...oocccoe oo 1,352 1,632 1.35
North Platte River and tributaries_........._-. 124, 015 151, 660 22
North Platte River direct .u..cecavacae. - 7. 470 7,870 22
Laramie River...__.__._____.. 11,075 11,076 22
Ofber tributaries.. 106, 370 132, 605 22
Independent streams_ . c.ocecaceccmicnaaen-- 76,249 86,006 L8
Sapguache River. o ceooceeoovoaeaee 20, 221 25, 501 L8
San Luis River... 3r, 501 42, 008 LB
Other tributaries.. 18, 437 18,437 L8
Total for Btate. e e ee e ceeooo e 3,303,619 { 4,078,712 | 057,600 | 5,036,300 ... ..-- 8,616,000 |.......... 12, 500 246,300 |..o..o.eo. 648, 500
IDAHO N
Bear River and tributarfes.....cocccmcamemnao-- 161,304 2.0
Bear River direct . ocerooeeeceeeman . 61,047 2.0
ThomAS FOrK e e v caevec oo oo nsmamnan=e 3, 168 20
Mill Cresk__.... . - 16, 504 2.0
Little Malad Creek.o.e.eosreooceccnannsa=- 8, B568 2.0
Other trlbutaries oo cee e e aaaee a7 20
Tributarles of Columbia River .. . coeeeee-- 1,937,872 ()
Snake River and tributaries. . .oocooeaoe- 1,020,880 )
Snake Rlver Alrect. oo ccaaeann - 087,316 2.7
Henrys Fork.eoorooooocccaneans - 174, 968 1.7
South Fork ol.' Bnake River..... - 161, 988 1.7
Blackfoot RIVer. .o coccvuaneem- 46, 157 1.7
Port Neul RIVOr.coaeeeuuacaanen 41,774 1.7
Raft RIVer.coeeeamccocnunncn e 8,935 e
0088 Creek......-.- 18, 120 1.9
Salmon Falls River. 28, 847 l-g
Little Wood River. 19, 848 1.9
Big Wood.River \ L 4
Orunl(;.nu Ilétiiver_ 1%- 215(2) } H
Bota River. .. 318, 406 % ;
Payette River.
Walser River.. a3, 422 % ;
%Tmnn g}vleﬁ 92 B1§ 57
earwa ver [
S arts i TR e e e W
Other u'lbut.ari- of ColumbiBanneeeeemnn-- 7scl 126061 307001 43,3001 20 1 GO Lcoooodooonoon... & 6y 700 euaeve oo

{ Varlabla.
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TaBLE II.—Present irrigation developmenl and ultimate possibilities of irrigation development by States and siream basins—Continued

Anilr‘ual ir{ig%téqx}re- Distributl [ additional irrlgabl di
quiremeant, addition- ution of a iona; gable area according to
Present davelopment al to nn:auglal precipi- estimated costs of reclamation &
on
Additlonal | vyt
State and stream hasin Ar ter. |27e8 (poten- irrigable
eq enter- ares
Area irrl- | prises were Ul srea) Total for | Less than Bsg(tlv;:ﬁl aggwe? More |y 100
gated in | capable of Depth | ultimata ir- | 350 per | SO0 $200 per | than $200| “ROeAE
1920 frrigating rigable area | acre per PeC | har gore a
in 1630 acre acre
IDAHO--Continued,
Acres Acres Acres Acres Feet Aere-feed Acrea Areres Acres Acres Acrez
Independent Streams........ccecceereerner-neeeon 82,074 164,459 |ocommmeeeo o 164, 500 (U] YT 1 I R VSN ISP NPRIPPI M,
Camas Cresk ..o 20, 089 58, 200 2.7 D7/ L1, I SRR FPUIPRISURIPUI IRIPRIIY NN
Beaver Creek___._._.___ B0 1, 500 27 4, - |- [N PO
Medicine Lodge Creek. 3,983 5, 200 27 14,000 |.. a—
Little Lost River....... 4, 964 &, 700 2.7 LR L) I RPN NI SO SO FSS
Big Lost River.__ - 40,078 79, 986 80, 000 27 216,000 a——— .
Other tributaries. oo oo oo e 12,154 13,881 | 13,800 | *2.5 12-1 |} SRR AU N " S
Total for State. v veeeeerneececeeceans 2,181,250 | 2,617,021 | 1,138,500 | 3,755, 500 |..-_... 9,217,400 20,000 | 407,500 525, 000 71,700 114, 300
KANSBAS
Tributaries of Missourl RIVer.cm..e ocaveaenan 1,411 2,406 | 10800, 000 802, 000 L7 1,404,000 |o oo e e eaa 800, 000
Tributaries of Kansas River. . _............ 1,394 2,376 800, 000 802, 000 L75 1,404, 000 |neomoe oo |e e e e 800, 000
Republican River......__ 489 1,080 340, 000 341, 000
Smoky Hill River 111 208 460, 000 460, 000
Other tributaries.....__ ... .. . ... 704 LOD {eoeeeaaae 1,000
Other tributaries of Missouri River__._._.. 17 < | ) (A I,
Arkansas River and tributaries . _____._._. 09, 879 81,177 450, 000 531, 000
Arkansas Riverdireet .. . .. ... .. ... 52,988 57, 108 300, 000 357,000
Clmarron River- .. _____ 1,008 1,115 75, 000 76, 000
Other tributaries. ... ... ... 15, 793 22,953 « 75,000 98, 000
Total for State. .. 71, 200 83,583 | 1,250,000 | 1,333,000 |-....... 2,333, 000 50,0000 |l caneeaen 1, 200, 000
MONTANA
Missouri River and tributatles . ............. 1,324,486 | 1,871,958 | 1,421,600 | 3,203,600 U]
Missour! River direct. ___.._____.___. . _. 17, 069 18, 234 424, 500 42, 800 1.7
Jofterson River and tributaries - 363, 380 403, 325 7. 800 411,100 1.6
Jeflerson River direct...... - 16,393 18, 840 2, 700 2,7 L6
Beaverhead River_.. . 131, 354 142, 300 1.6
Bix Hole River._... 148, 736 162, 500 1.6
Ruby River..... .- 31,071 33, 500 L0
Other tributarfes - 37,826 51, 100 1.8
Madison River..... - 30, 368 45, 000 N
Gallatin Rlver.. - 93, 7563 114, 400 1.8
Bmith River.. - 25, 461 200 16
Sun River.. - 28,070 118, 300 1.5
Teton River.. - 46, 974 86, 800 1.5
Marias Rlver. - 55, 300 449, 900 1.5
Judith River_____. .- 7,435 41,100 17
Musselshall River___...__ - 59, 286 84, 49, 900 134, 600 L7
Milk River and tributaries__ - 88,218 190, 218 346, 000 224, 200 1.5
MiIlk River direct..... - 55,499 148,861 | ... __ 148, 700 1.6
Snake River...... .- 60 160 . ... 200 15
Cthar tributarfes __.______ - . 32, 659 41, 397 38, 000 77, 400 1.8
Yellowstone River and tributaries. . 434, 550 813, 707 221, 500 835, 200 1.9
Yellowstone River dlrect..... . 162, 312 238, 401 71, 900 308, 300 1.9
Boulder River.......... - 11, 309 12,479 |ecacaaoo - 12, 500 1.9
Shields River... - 32, 806 49,462 9, 800 60, 300 1.9
Stillwater River . 22,182 31,087 fovecnnoonn.. at, 100 1.9
Clark Fork....% - 84, 310 100, 548 05, 100 105, 600 L9
Big Horn River. — 43,319 77447 62, 100 134, 800 L9
Tongue River... .- 13,303 18,407 |oceeee oo 18, 500 1.9
Powder River. . . 1,144 1,217 12, 600 13, 900 1.9
Other tributaries.__. —— 01,825 88,509 | o aaas 86, 600 1.9
Little Missouri River... .......... - 1, 462 1,962 |ommcee .. 2, 000 2.0
Otber tributaries of Missourl River___..___ 73,100 129,739 11,300 141, 000 20
Tributaries of Columbla River_....__..__...... 270,426 404, 042 168, 000 672,000 |........
Clark Fork and tributaries.. ... __ 262, 836 304, 610 118, 000 5§12, 600 )
Clark Fork direct 12,771 15,417 35, 000 50, 400 2.0
Big Blackfoot Rlver....__............_ 32, 435 43,572 30, 000 73, 600 20
Bitter Root River ... 80, 762 109, 782 25, 000 134, 800 2.2
Flathend River. ... .. coeren... 50, 787 128, 588 28, 000 156, 600 2.0
Other tributarles...._._..______....... 77,081 07,2510 |oeeea . 97, 200 2.0
Kootenai River...__... I 7, 560 9,432 50, 000 50, 400 2.0
Total for State. ... oo, 1,504,012 | 2,276,000 | 1,589,800 | 3,885,600 |-._...--
NEBRASKA
White River-.. e 8,678 13,108 | oo 13, 100 1.25
Niobrara River. . ...coe oo 3,498 4,195 | o 4, 200 1.25
1 Varlable,

® Arbitrarily assumad
W0 Addltlunnl ln'igat.!on area for each river estimated from total for entire State.
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TaBLe II.—Present frrigation development and ullimale possibilities of trrigation development by States and stream basins—Continued

sm lr:lm‘:it{ii?ﬁ o Distributlon of additional irrigabl dl
ent, . 0N~ utlon of a on gable area aocording to
Present development alto mgfial precipl- estimated costs of realumation o
on
Aﬁ,""'g‘,‘;" Ultimate
State and stream basin ter. [3rea (Roten- frrigable
Area entet- area) area
Ares frri- | prises were | 2! Total for | Lessthan| BEtween | Dotween | prqq
gat.ggg in cigsb:? of Depth llllil;llnbo ir- | "$50 per smoa;er S‘mt:r than $200 Ilg?:;::'
1 B; rigable area | acre
Tignting ig acre acre | Per acre
NEBRASE A—Continued.
Acres Feel
Platte River and tributerles. ... ... 498, 867 125
Platte River direct . .. _. 71,200 1.25
North Platte River and tributaries. .. 373, 692 1.25
North Platte River direct. . 352, 480 125
Other tributaries...._..__.__ 21,212 125
South Platte River and tributaries 26,841 125
South Platte River direct ... 13,976 1.25
Lodgepole Creek.......... 11, 830 125
Other tributaries. . 1,088 125
Loup River ... ... - 291 125
Other tributaries of Platte River_._.___._.. 24,763 32,085 |caccmmmeaee 32, 000 1,25
Kansas River and tributaries.... . __......_. 21,340 25, 052 70, 100 96, 000 L.25
Republican River__ ... .. .. 10,523 23, 541 70, 100 $3,800 1.25
Other tributaries. ..o 1,817 2,411 | 2,400 1.25
Other tributarles of Missouri River. ......._.. 2,234 3,422 | eeee 3,400 L25
Total for Btate. - ceommmemercamcnacaeeaa. 532,817 703,641 | 1,069,600 | 1,773,200 125 2, 216, 400 51,500 | 125,300 63, 400 16, 200 813, 200
1,000 20
55000 | 2.0 110, 000 N (SRR NP M A
3300| 20
12,300 2.0
295, 500 N
Humboldt Riverdireet ... ..__..__..... 120, 400 2.0
East Fork Humbholdt River. 400 2,0
Lamoille Creek ... ._._._.. 17, 600 2.0
North Fork Humbholdt River_ 7, 700 2.0
South Fork Humboldt River. 37,400 2.0
Pine Creek . o oooveeee - 4, 400 2.0
Reess River. .o ereeeen 3,300 2.0
Little Humboldt River. ... ... 31, 400 2.0
Other tributaries. .. ..o o ocooeaaa. 72,000 | 2.0
Truckee River and tributaries. ..cceeeeeeea .. 71,400 2.1
Truckes River direct . oo oo ooomeooaee 54, 600 2.1
Bteamboat Cresk_..... 11, 200 2.1
Other tributaries . ......... 5, 600 21
Carson River and tributaries. .- 160, 500 2.1
Carson River direct__.. 69, 000 2.1
Waest Fork Carson Rivel 000 1 21
East Fork Carson River.. 4, 100 2.1
Other tributaries. ..o aea_ £4, 400 21
Walker River and tributaries. __ .. .ecueeceuo. 209, 00¢ 2.0 418,000 |..onvun-.. MO, 700 ooeoeoeeo e - 11, 000
............ 163,700 2.0 387,400 |ooeureacc] NOT00 oo fecvinanrer | nmmccaae
Teiburaria e et oo o | 29 i ;
Colorado River and fributaries 19,400 | 1.7
Colorado River direct 400 1.7
Virgin River....... 6,000 | 1.7
Other tributaries... 12,100 1.7
ndependent SEPEAMIS . oo oo eamcmeoomomaee 175,200 | 2.0
Quinn River 18, 600 20
Steptoe Creek .. _-eoeeceee 75001 20
Other tributerias 148, 800 2.0
Ground-Water Ares. o eeme—cocmcamene 11 40, 000 1.5
Total for State. .. - vevveeaococmeccan 1,085,600 ... _..
NEW MEXICO
Canadian River and tributarles...o-—ceeecen 68, 505 108, 287 65,000 173,300 | 1.8 L e P s 05,000 |......-...
.......... 1, 360 1, 40 45, 000 66, 400 1.8 106, 240
8?:1:?1[2: ﬁ}ﬁgﬂ‘_’f’ff:: """" 16,007 81677 - eecmmenmens 3,700 | 1.6 50,700
Vermelo RIVer-. oo cvccnnmmcaccomccanes 8,574 15, 704 15, 700 L6 25, 100
Ocate Creek - 1,102 5, 800 5, 800 L8 A

1t 1 percent of 6,000,000 acres of water-bearing land in closed valley.
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TasLE IL.—Present irrigation development and ultimate possibililies of irrigation development by States and stream basins—Continued

Ani?ual lr?i?é?ﬁ on Distribution of additional Irrigabl
quiremen on- stribution of additiona! ablo area acoordin
Present development alto “E,‘{;;},‘n"m“’" estimated oocts oIE i g to
A;,‘g'%_’g;%:l Ulttmate
State and stream basin Ar ¢ poten.| Irzizable
‘ea entet- Area
Area frrl- | prises were thl erea) Total for |Less than %ga‘:‘:ﬁf lgfg' “?l More | 1oa00
gn{.gdm in ci?r;iab:? of Depth nl{‘thll;lnta ir-| $50 per $100,per 3200?:3: than $200 1?1 hgni;'
gating rigable area| acre acre
in 1030 acre acre per
NEW MEXICO—Continued
Canadlan River and tributiaries—Contd. Acres Acres Acres Acres Feet Acre-feet
Mora RIVer. e 3, 956 43,060 | oo . 43, 100 1.4 69, 000
250 350 | a2 300 1.8 500
G, 416 10,270 oo, 10, 300 N} 16, 500
2,670 4,404 |ocoee .. 4,50| L6
331 i< U 400 L8
Rio Grande River and trlbutaries............-. 380, 444 450, 452 181,000 631,400 | (1)
Rio Grende direct . .. __.... 134, 114 2.8
Rio Costilla. .. ......__. 4, 1.8
15, 850 1.6
25, 950 1.6
R, 405 1.6
3, 588 2.0
15, 202 26
129,121 2.4
Pecos River direct.._. 45, 508 24
QGallinas River...._.._ 4,078 2.4
Hondo River_..........._. 25,010 24
Penaseo River. ... _.__. 2.4
Other tributaries. .. .....___. 47, 602 2.4
Other tributaries of Rio QGrande._..... ... 42, 205 2.4
' Tributaries of Colorado River......._.......... 55,310 71,495 68, 200 139,700 {.oeeemo
GHa River and tributacies_ .. . ... 8,373 10, 442 22, 500 a2, 400 1.7
Gils River direeh oo o.... 7,824 539 18,000 26, 500 L7
San Francisco River. ... ... 1, H2 1,811 4, 500 4, 100 L7
Other tributaries_ __________.__. 107 2 L 300 1.7
San Juan River and tributaries 40, 253 51, 703 45, T0 97, 500 2.2
San Juan River direet._________ 9,772 15,075 54, 000 2.2
Los Pinos River.._ . .___..___. 160 160 | _eeeenas 200 2.2
Animas RIVOr. . e e uovoouee. 24, 425 27,325 8, 300 33, 600 22
Lo Plata River. ..o cooooeeen. ... 4,222 5,408 |cvrrcman--- 5, 500 2.2
Other tributarles. . oo 1,074 3,675 500 4, 200 2.2
9,300 2.2
56,600 |.oamnae-
1,800 2.4
2, 500 2.4
45, 200 L7
7,000 (9
2,000 L7
79, 000 24
4,000 2.8
1,000,800 |. ..
OKLAHOMA
Tributarles of Arkansas River. . ...occcovaceee 954 5,074 40,000 46,000 [0 56, 100
Canadian River_. ... oo ecmnaaaeaae 316 556 40, 000 40, 500 125 50, 700
Cimarron River_._ 203 5,076 |oveeeeecee 5,100 1.00 3
Other tributaries 342 L 300 1.00
Red River ond tributaries. ... ..o 619 1,357 80, 000 81,400 81, 400
Total for Stute. 1,673 7,331 120 000 127, 400 D) 137, 500 - R0 R IR F R, 40, 000
NORTH DAKOTA
Mlszwour] River and tributaries. .o ... .. - 7.203 21,907 188, 000 209, 900 1.35 " 283,400 60, 700
Red River and trlbutaries. . ooeneomnvueeennnen 2,009 2,009 |oeeeceeenne. 2100 | .36 137, 300 100, 000
Souris River and tributarjes, . ... _._._. 1,453 1,453 |ammaeeee o 1, 500 1.35 2,000
Other tributaries . ._..________.___.__.... a6 646 | 100,000 | 100,600 | 135 135, 800 160, 000
ROV Gl R —— 9, 392 24, 006 288, D00 312,000 | L35 421, 200 160, 700

4 Variable.

11 Irrigable from ground water, estimated as 10 percent of area in which supply is avallable.
11 Irrigable from ground water, estimated a8 1 percent of valley area.

14 Estimated as 1 percent of area in which ground water may

available.
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TasLe IL—Present irrigation development and ullimate possibilities of irrigation development by Stales and atream basins—Continued

Presont development

Annual Irrigntion ro-
quirement, addition-
al to natural preclpi-

estlmated costs of reclaination

Dlstrihution.uf additional frrignble aren according to

tation
Additional | yyyyinate
State and stream basin R ter. |2rea poten-| lrrigable
rea enter- area
Aren irrl- | prises were tial area) Total for | Loss thar) B““"'%“ B““"""l Maora
gated in | capable of Depth [ ultimato ir- [ $50 per :ﬁ%‘“' g!ﬁ},““‘ than $a00| 1ndeter
1929 lrrigla:%‘n)g rigable arca acre ncromr wl;m‘ DOE acro minnte
OREGON
Acres Acres Acres Acres Feet Acre-feet Acres Acres Aeres Acres Acres
Columbia River and tributaries ... ___..._. . 504, 958 658,449 | 2,003,500 | 2,862,000 (v 5,012,400 [1,220,000 | 478, 500 222,000 |.ccoonn... 85,
Columbia River direct. .o oooooemee | iimienenefomnt s 360,000 [ 3e0,000 | 27 N
Bpake River and tributaries. 928 370,020 167, 000 567, 100 U]
Snake River direct_______ 31,814 35,881 e 35, 2.0
Owyhes River______ 18, 165 27,133 18 73, 000 100, 100 2.8
Malheur River___ 32,122 75,674 14 54,000 131, 600 2.6
Barnt River.__.__.. 18, 519 20,076 [-ccemeaenn. 20, 100 2.0
Powder River___._. 104, 089 118,402 45, 000 161, 500 2.0
Fing Crealk_._____.. 12, 400 13,058 |aemmeeeeee - , 700 2.0
Imnaha River. 6, 838 B 100 | oo . 200 2.0
Grande Ronde River. 57,655 83,174 25, 000 88, 200 2.0
Other tributaries. 7817 Te48 |omcimcannnas T, 800 2.0
Walla Walla River. 15,123 11,526 50, 000 61, 500 2.0
Umetilla River. 35, 706 48, 284 31, 500 79,800 2.0
Willow Creek... 5,382 6,000 |-cneeveacann 8, 100 2.6
John Day River 40,495 44, 384 15, 000 50, 400 2.6
Deschutes River 04,015 130, 444 181, 000 330, 400 2.5
Hood River..... 22,3710 28,352 |-mcommeean 28, 2.8
Willamette Riv - 4, 250 7,022 |8 1,159,000 | 1,166,000 1.2
Other tributaries of Columbis River._...._ 2,568 3,361 |amcmmneaaee 3 2.8
Rogue River and tributarles. oo __. 58, 60 74, 651 33, 000 107, 700 Lb
Rogue Riverdireet. - ooomemoeem 11,031 14, 836 33, 000 47, 800 L6
Little Butte Creek. PR 1L, 726 12,171 |aecmaccamans 12, 200 L5
Bear Creek —— - 14, BG2 20, 203 15
Evans Creek. e 1,215 1.5
Applegate River, - 8, 266 1.5
Ilinois RIVOT. ccm e e 4,328 15
Other tributaries. eaee oo 5,632 L5
Klemath River and tributaries. ... 126, 105 2.0
Klamath River direct- ..o ocaveuamaa.] IL341 2.0
Lost River-————-o--.- 60, 450 2.0
Sprague River,___ 7, 687 20
Other tribotaries - ooooeeeeeoe 56, 227 2.0
Other Pacific Ocean streams 1,733 .8
Independent streams...ceeececmcaremcvcrormanaa 206,959 | 252,186 | 189,000 | 441,100 |_..._..
Deeap Creek. ——— 1, 006 L5
Donner und Blitzen Rlver............ 78, 000 1.5
Slilvies River. - 28,721 1.5 )
Other tributaries. .—cc- oo ccenmmm— 97, 328 Lb 430,800 | 215,000 [ .uoommeec)iiimm e el 44, 000
Total for Btate - 898,713 | 1,158,210 | 2,354,600 | 3,512,000 {1 8,433,700 |1,481,100 | 5O%, 500 222,000 | .ao...... 142, 006
SOUTH DAKOTA
Missour] River and tributaries. 109, 550 112,800 222,400 1. 50
Missourl Riverdirect...— - ccocecaae o] B8] B |eciseo | icsemae 1.5
Cheyenne River and tributarles_.. 108, 324 110, 800 219, 100 1.5
Cheyenne River direet...oeooomcevfoomvnvancoclommaciaescas , 300 ! 1.5
North Fork (Belle Fourche River}_... 51,342 90, 359 15, 000 105, 400 L5
South Fork 14,678 17, 17, 000 1.5
Other tributarles.... 1 15
Little Missouri River... 15
T ; i
te River. ...coooeoainir e N
QOther tributaries of Missourl River........ 1,007 1,164 |oeunmenaaaan 1,200 1.5
Total for State. —— 67,107 109, 650 112,800 222, 400 1.
TEXAS
Rio Grande River and tributaries e accee.. - 537,327 682, 5647 171, 000 863,600 |........ 1, 543, 100
direc! 459, 557 574, 817 162, 000 730, 800 1.76 1,280,400
Pos Borrect 46,677 72, 054 9, sLooo | Z25| isz300
Other tributaries 31,003 36,070 [amcmmmuunnna 35,700 2.0 1,
Other tribataries of Gulf of Mexle0.aaeaoaaue-- 272,520 440, 048 708,900 | 1,238,900 |........ 1, 770, 800
. 38, 787 45,708 | 472000 | 17,700 L6 828,300
éifﬁgggr RIVEleernina-ememccsmammvenonn 0, 086 35, 146 60, 000 95, 100 1.3 123, 600
Calorade RIver. oo oceoccemrcreomcememmns 61,888 140, 628 70, 000 210, 800 1.5 315, 900
Brazos River... 21, 560 30, 061 120, 000 150, 100 1.1 165, 100
4 Variable,

18 §ystem under construction.

# Additional irrigable area, taken from Oregon State Agricultural College, Bul. 302; Army report (208} gives only 513,000 acroa,
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TasLe I1.—Preseni irrigation development end ullimate possibililies of irrigation development by Stales and stream basins—Continued

A‘;l;eual lr:lg’:ité(i,ﬁ - Distributi { additional irtigabl din,
quirement, a oD ution of & onag| o ares accor to
Present development al to natugl;ﬂ precipi- estimated costs of reclamation €
on
Ultimate
State and atream basin A ber irrigable
- rea enter- ares
Area irrf- | prises were Total for |Lessthan Bs;t;;:edn g%weeg More Indste
gated In | capable of ultimate ir- | $50 per | &5 €200 A | than $200f T e-r
1929 irrigating rigable area acre Bmper acrp per acre te
in 1030 ®
TEXAB—Continued
Other tributaries of Gulf of Mexico—Contd. Acres Acres Acres Acre-feet
Dty RIVer e oo eiivmm e 15, 74 35,131 52,000 90, 200
Neches River.... , 225 60, 60, 300 66, 300
Sahbine River.____.. 162 8, 166 8,200 9, 000
Other tributaries. ... ... . ... 46, 488 84, 047 114,900 172, 400
Canadian River.occooeuemoi e caenee 466 766 5,900 8, 900
Red BRIV« e e 38, 604 54, 054 200, 100 292, 700
Total for Beabe . o eeicarne- 708,017 | 1,177,415 2,307,400 3, 615, 500
UTAH
Tributaries of Great Salt Lake. .. _.........-.. 503, 020 642, 662 894, 8300 1,877, 500 56, 000 26, 000 83,100 44, 100 43,000
Bear Riverand tributarles_ ... ________.. 210, 726 222, 787 335, 100 2.0 @72, 200 56, 000 14, 000 40,300 |._. 3,000
Bear River direct...ueeeecvecnannnns 99, 735 100, 140 100, 200 2.0 200,400 |eeoecevaeafoeeenanaas o .m .
Little Bear River. .o 41,830 44, 940 89, P00 2.0 179,800 0 I (R I ", N,
Malad River ..o ceueoucuooomaacinnn- 662 668 11, 700 2.0 23
Cther tributaries ... __________... 68, 440 77,030 134, 300 20
Weber River and tributaries. _.......__... 109, 827 113, 006 119, 000 2.0
Wober River dlrecte e cemcannvonn-- 66,170 ) 388 86, 400 2.0
Ofden RiVer. oo oeeeecmcemciceen e 20, 581 23,931 28, 900 20
East Canyon Creek. oo oo eomeemae oo 5,652 a, 4, 000 2.0
Other tributarfes. e eee oo 17,415 17,849 17,700 2.0
Jordan River and Utah Lake and Tribu-
78 2. T, 272,476 305,879 439,700 2.2
Jordan River direet . . oo , 562 68, 103 22
Big Cottonwood Creek.___ 7,101 7, 751 7,800 2,2
Little Cottonwood Creak 17, 045 17, 625 17,600 2.2
American Fork River.... 17, 787 s 17, 500 2.2
Provo River 57,408 85, 000 2.2
Hobble Creek. 6, 766 7 14,000 2.2
Spanish Fork River. 71,782 72,701 72,700 2.2
Other tributarles.___ 40, 025 49, 337 141, 200 2.2
Sevier River and tributaries 258,928 303, 757 306,800 | 2.1
Sevler River direct..... ... . ... ... 135, 783 167,574 170, 800 21
Ban Pitch RIver. eeeoo oo 85, 276 74,003 74, 000 21
Otter Creek_ .. .o oee ceeeereamnaaaeee 7,237 7, 800 2.1
Other tributaries. .. ____.. 50, 833 54, 400 21
Colorado River and tributarles. ... 347,452 808,400 | (1
Colorado Riverdirect..._.___ . ______ .. _. 1,288 1,286 1.300| 20
Fremont Rlver.... ... ... ... 23,855 29,284 29, 300 2.0
Virgin RIVer.. oo aicaes 19,873 20, 089 52,100 2.25
San Juan River. .. ... . ... o .- 9, 868 14, 480 58, 500 2.1
Green River and tributarles... .. ......._. 278,072 351, 500 651, 700 (U]
Green Riverdirect . ... .. _... 1, 908 2.058 37,900 1.8
Ashley Fork River____.__._____.. _____ 22,314 29, 519 29, 500 1.76
Duchesno River. ... I 167,022 , 094 316, 100 L75
ico River_______.. - 18, 059 22,953 2. 000 L75
San Rafael River... - 53, 538 55,063 92, 800 L75
Other tributarfes _____.________._.__... 14, 231 18,013 04, 400 2.0
Other tributaries of Colorado River........ 9,608 13,526 13, 500 2.0
Tributarles of 8nake Rlver......c..ooo _.caae 4,724 5, 504 5, 500 19
Raft RIVer. o cneeemercerravannnennnncmmnn 4,471 5,251 5,200 1.9
Q0036 Creek. . cmvecenemeeccmcccracamaaacen 300 19
Independent atreams. . ... oo.oooueaee- 119, 991 151, 387 151,400 | 2.0
25,201 31,132 31, 100 20
14, 488 21,108 21, 100 2.0
2, 147 2,172 2, 200 20
2,408 2, 2, 600 2.0
Other trlbutaries.... 75,857 4, 397 04, 400 2.0
Total for State. ..o aeenen- 1,324,125 | 1,542,475 2, 184, 900 )
WASHINGTON
Columblia River and tributeries. ... .o o..--._ 481,010 601, B24 2,402,500 | (9
Columbla River direct.a_ .o _-emn 10,035 13, 678 1, 464, 500 2.8
Clark Fork - 896 2.705 2, 700 22
Colville River... . 2,176 2,47 13,400 2.2
Spokane River ... ... ..... - 18,422 30, 482 500 22
Okanogan River and tributarles . 21,462 27, 790 64, 400 2.4
Okanogan River direct...... 3,805 4, 552 10, 200 2.4
Tributarles 17,567 23, 38 54, 200 2.4
Methow River. 11,720 17,348 52,300 2.4
Entlat River......ccmecceaaaa. 1,912 2,136 3, 100 24

4 Variable.

¥ Including 1,199,400 acres in latest Coltmbis Basin project.
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TaBLE IL.—Presenl irrigation development and ultimale possibilities of irrigation development by Slates and stream basins—Continued

Annual Irrigation re-

Present development Quirement, addition- | Distribution of additional irrigablo area according to
al to aatural precipi- estimated costs of reclamation

Additional [ (o tation
State and stream basin urLT 3},’3:,1_ irrigable
Areaenter- "¢ial area) area Det
Area irrl- | prises were Total for | Lessthan| 4o.7 ool More
G | b el | S S b
mglagtagg rigable area BCTS .o per acre
WASHINGTON-—Continued
Columbia River and tributaries—Continued. Acre-fee?

‘Wenatchee River. . .oocovoeovaeaaooaeees
Crab CreeK..comeecneaeaaias
Yakime River and tributaries.
Yakima River direct
Naches River...
Ahtanutn Creek
Other tributaries.
Snake River and tributarl
Bnake River direct.
Asotin Creek.......
Palouse River...._.
Other tributaries..._
‘Walla Walla River...._.
Klickitat River......._...
White Salmon River..._____....____. -
Other tributaries of Columbia River.._._..

BRSSP D
mmw—n—o—u—u—-—-mmmmmmm&

127, 960
5, 320

Independent streams....._.._........ -
Dungeness Rlver_________________________. 8,060 | . 17,607 20, 000 37, 600
Other tributacies _________________________ 9,304 12, 080 113, 200 , 300
Total for State ... 449,283 831,511 | 2,024,000 | 2, 655,400
WYOMING
Missouri Riverdrainage . oo o aano- 000,523 | 1,217,344 | 1,305,400 | 2 522, 600
Clark Fork (of Yellowstone) and tributaries. 6, 658 11, 036 8,000 19, 000 1,856
Clark Fork direct...._. 4, 340 8, 340 8, 000 14, 300 165
ributarfes. ..o _.o..._ 2,318 2,605 |iaeeccmaaae 2, 700 165
Big Horn River and tributaries 318, 607 475, 301 533,800 | 1.009, 100 1.65
Big Horn River direct 45, 379 52,318 35, 000 87, 300 1.65
Fopo Agle River_.____ 21,131 24, 189 40, 000 66, 200 1.65
‘Wind River.___. 51, 780 118, 788 133, 000 249, 800 1. 65
Owl Creek__.. 16, 148 18,9 2, 000 20, 600 165
Nowgod Creek. - 15, 254 19,778 39, 000 54, 800 L 86
Greybull River._.__....... 52, 138 65,331 |oemimaeeaa 85, 300 Ld5
Shetl Creek ... 7, 110 13, 705 10, 000 23, 800 L85
Shoshone River.._....._. 05, 636 142, 902 153, 000 205, HOO 185
Little Horn River_..._.. .. L 2,705 |aeeecmmaaaen 2, 700 185
Other tributaries.......-.. - 12,386 16, 571 121, 800 138, 400 1 66
Tongue River and tributaries. . 52, 186 55, 463 38, 700 094, 100 L7
Tongue River direct........ - 8,014 10, 12, 700 23, 200 1.7
Goose Creek...oocovevemaen . 35, 455 36, 26, 000 62, 900 1.7
Other tributarles......._... . 7.8 8,035 | 8, 000 L7
Powder River and tributaries... 173, 200 L7
Powder Rlver direct.... ... 7 62, 200 17
Red Fork Creek. ..cccen--. 400 1.7
Crazy Woman Creek....... 4, 200 1.7
Clear Creek.. . ocoeee . 58, 000 1.7
Other tributaries. . _...... 50, 400 1.7
Little Missour] River.____...... 18, 000 17
Belle Fourche River..__...... 38, 600 L7
South Fork (Cheyenas River).. 3, 800 1.6
Niobrara River. - ccoeeeronv.n 400 1.6
North Plstte and tributaries. . 1, 148, 000 1.8
North Platte River direct.. 471, 100 16
Beaver Creek-_ - ccm-nnn 22,200 1.6
Grand Encampment Creek. 6, 08 19, 500 10
Spring Creek 10, 826 13, 200 L8
Pasy 14, a8l 52, 00 1.6
Mudicine Bow Riv 6, 870 58, 300 1.8
Swestwater River... 6, 506 53, 500 18
Muddy Creek.____..cuaeenn.- 400 400 1.6
Box Elder CreeK. emacemavue-- 3,742 8, 500 L8
La Prele Oreek. cocemmemanene- 16, 540 16, 500 L6
Labonte Creek . oceeceerooaoee 4, 4, 800 L6
Laramie River and tributaries. _ 179,019 276, 400 1.4
Laramije River direet. ... 98, 510 178, 300 16
Little Laramie River....- 43, 042 51, 000 1.6
Sybille Creek._ . _occvnu-n- 5, 237 12,400 168
i | Eoel 18
Chugwater CreeK....-.- - 1 3 A
Other tributaties. e R 19, 212 19, 200 1.8
Rawhide Creek. «.ceeeee-ee- - 26 200 1.8
Horse Creek. - ocevroococooooaaan - 29, 64 30,920 30, 000 60, 900 1.6
Other tributaries of North Platte. 58, 598 ‘78177 11, 100 00, 300 1.6
Tributaries of South Platte. ....—-- 17, 340 19,303 1,000 20,400 | L6
Lodgepole Creek 1, 695 1, 1,000 2, 700 1.6
Crow Creek......- 4,051 8, 700 1.8
Long Tree Creek........-- 0,485 9,50 16
Cache la Pondre River.....——- 1, 1,50| L8

§ Variable.
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' TABLE 11.—Presen! irrigalion development and ultimale possibililies of irrigalion development by Slales and siream basing—Continued

Ani':ual ir{igt:it(lﬁg on- Distributi [ additionnl irrigabl rd{n;
uirarment, a on- ution of a enn & area accol to
Present development gl to nn*t:rinl precipi- estimated costs of lg:clamation &
Additional tion
frrigable | Ultimate
State and stream basin Area onte. |27€8 (Poten- Irrigable !
ntet- area
Area Irri- | prises were tial ares) Total for | Lessthan -%gs‘:g‘:f lgf&‘;’ eg'é More | 3 aeter-
gated In [ capable of Depth [ ultimate ir- | $50 per [¥oT0S00 | SO0 TEE | than $200 | 74P
1820 h{;gﬁ%gg rigable area | acre acre acro per acre
WYOMINQG—Continued
Acres Acres Acres Acres Feel Acre-feel
Colorado River drainage..._.ooeeeee oo ... 228, 699 304,057 | 1,004,800 | 1,308, 900 1.8 2,084,
Green River and tributaries................ 228, 600 304,057 | 1,004,800 | 1,308, 800 L6 2, 094, 200
QGreen River direct..e oo oo 25, 791 28, 620, 649, 200 18 1, 038, 6005
New FOrK. cammecccancinmmnancnceccones 48, 003 63, 907 |.mmeianmman &4, 000 1.6
Horse Creek....cccecemiamaaeoooooans 5, 682 6,935 |oaurmmanana - 8,900 18
Cottonwood Creek.. oo oooameaan 9, 188 10, 504 18, 000 28, 600 1.6
South Plney Creek. ... __.... 1,472 1, 800 15, 300 17, 160 16
La Barge CreekK. oo oo oaaa 4,083 4, 808 4, 000 8, 900 L6
Fontenelle CreeX. .o oo_on. 1,607 1,680 4,000 5,700 1.6
Bittor Creok. e e oo 878 1,026 |oacniiana 1,000 1.6
Blacks Fork.. [, 61, 397 76,875 266, 100 343, 100 1.8
Honrys ForK..ee oo aas 15, 884 18,677 38, 000 56, 700 1.6
Little Snake River_...occooeoocenn 11,719 12,049 |emmeancen- 12, 100 L6
Other tribataries. ... .. 42, 604 76, 671 3%, 200 115, 600 L6
Great Salt Lake dralnage... .o oceeeomcocmcacn-es 47,370 56, 221 7, 500 63, 700 2.0
Bear River and tributaries.....o.eoeeeeo--. 47,379 56, 221 7, 500 a3, 700 2.0
Bear R[ver direct 28, 455 3, 118 7 41, 600 2.0
Tributarles. ceeemeecveomcomccmmccaeane 18,924 22,185 F . 22, 100 2.0
Columbia River dralnage.. ..o cv.veemeemanon- 59, 654 77,388 83, 000 165, 400 LT
Bnake Rlver tributaries. 59, 554 77,386 88, 000 165, 400 1.7
Soutb Fork direct. 1, 1,877 35, 000 36, 900 1.7
QGros Ventre River.. 4,400 L7
300 17
46, 200 LT
75, 600 1.7
Total for 84880 oo oo oo m 1,238,165 | 1,655,008 | 2,405 700 | 4,060, 600 [O) 6,022,500 | 508,100 | 888,300 302,000 42, 800 &§74, 500

4 Variable,



SECTION II
RELATION OF DRAINAGE TO LAND-USE POLICIES*

Drainage of agricultural land is a factor of primary
importance in the development of a land-use program.
Lands that need drainage are usually flat and poorly
provided with natural drains. Due to their lack of
relief such lands are seldom subject to erosion, but if
they are to be made suitable for agriculture they
must be provided with drains. To keep such lands
in their most productive state there must be adequate
maintenance of drains after they are constructed.
Fully one-sixth of the most fertile and productive
farm lands have been made available for agricultural
uses by artificial drainage. Of the 84,400,000 acres of
land in enterprises organized to effect drainage,
63,500,000 acres are improved. There remain in the
United States about 100,000,000 acres which could

be improved or reclaimed by drainage. The proper

utilization of this land is of importance to agriculture
and the Nation as a whole.

The early settlers in this country constructed drains
as a means of bringing fertile bottom lands into cul-
tivation. Much of the prairie land of Ohio, Indiana,
Illinois, Minnesota, and Iowa was wet and, in its
original state, not suited for the production of crops.
Some idea of the condition that existed is given in the
following quotation from Long’s Expedition to the
Source of St. Peter’s River (Minnesota) in 1823
written and published in 1825 by W. H. Keating:

Near to this house we passed the State line which divides
Ohio from Indiana * * *. The distance from this {o Fort
Wayne is 24 miles, without a settlement; the country is so
wet that we scarcely saw an acre of land upon which a settle-
ment could be made. We traveled for a couple of miles with
our horses wading through water, sometimes to the girth * * *.
We attempted to stop and pasture our horses, but this was
impossible on account of the immense swarms of mosquitoes
and horse flies, which tormented both horses and riders in a
manner that excluded all possibility of rest.

Traveling over the same territory today and noting
the well tended productive fields, the substantial and
attractive farm buildings, the good roads and splendid
school buildings, few recall that all of these develop-
ments have been made possible by drainage or that,
if such work had not been done, the territory would
still be in much the same state as when passed over
by Major Long’s party.

In general, the drainage enterprises inaugurated
prior to 1915 were successful in that they afforded

* By E. W. Lehmann, Burean of Agricultural Engiueering, U, 8. Department of
Agriculture.

improved drainage to the lands they served, the
districts met their financial obligations, and they
made farming more profitable, On these projects
the cost was from $5 to $10 per acre, exclusive of
farm drains. Much of the land in these projects was
available for cultivation when drainage was supplied.
From about 1915 to 1922, and particularly during the
World War period, drainage entered & new phase.
More extensive and more costly gravity drainage
projects were undertaken, Districts with large areas
of cut-over lands that had to be cleared before the
land could be cultivated were organized; many ex-
pensive enterprises from which the run-off had to be
pumped were constructed; some poorly conceived
enterprises were built. This overexpansion in land
reclamation was due primarily to high land values
and high prices obtained for products of the soil.

During the decade following the World War prices
for farm products reached low levels. In 1930-33 the
organization of new drainage districts stopped. Main-
tenance of existing drains and structures was neglected.
Numerous drainage enterprises defaulted on bond and
interest payments and caused losses to bond holders,
mortgagors, and landowners, The number and acreage
of drainage enterprises in default is relatively small
compared with totals of all drainage enterprises. How-
ever, a very substantial proportion of drainage bonds
now outstanding are in default. A few pumping dis-
tricts were unable to operate their projects and some
farmers were forced to abandon cultivation of all or
part of their lands. Other districts were not able to
properly maintain their drains and this caused losses
of crops. Recognizing the need for Federal assistance
on such projects, Congress in 1933 authorized the
Reconstruction Finance Corporation to refinance drain-
age districts in distress and later authorized loans for
maintenance purposes where necessary.

Extent of Drainage

There are 84,408,093 acres in organized drainage
enterprises reported by the 1930 census and several
million additional acres drained by individuals outside
the organized enterprises. The percent of farms report-
ing drainage in the 1930 census is shown in figure 20
of the report of the Land Planning Committee to the
National Resources Board, December 1, 1934, to which

this report is a supplement.
35
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The locations of drainage enterprises in the United
States are shown on the accompanying map and are
compiled from data of the United States Bureau of the
Census. The character and use of the land in drainage
enterprises are shown in figure 1. As may be seen by
this figure the largest areas in enterprises and the
highest proportions of improved lands occur in the
North Central States. In Ohio, Indiana, and Illinois
about 93 percent of the combined acreage in enterprises
is improved. In the South Atlantic States only 17%
percent is improved. This low percentage is partly
due to conditions in the Florida Everglades. If the
lands within the Everglades drainege district are
excluded, the result in this section would show 27 per-
cent of the land improved. As may be noted in figure
1, the largest areas of unimproved lands in drainage
enterprises occur in Michigan, Minnesota, Indiana,
Missouri, Florida, Mississippi, Arkansas, Louisiana,
and Texas.

States having more than 100,000 acres in drainage
enterprises available for settlement are as follows:
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Wisconsin, Minnesota, Missouri, North Carolina, Flor-
ida, Mississippi, Arkansas, Louisiana, and Texas.

The following tabulation gives the cost of different
types of drainage enterprises for the United States as
reported by the fifteenth census:

! Capital In- Average

Kind of enterprises vested to Jan. enAtgﬁ'lggs w:tt:rger
Ditchesonly. .. . o iiaea. 1$277, 517, 731 | 61, 860, 163 $5.35
T{le only or tlle and ditches. ... ___.__._.. 1 167,846, 175 | 20,273,819 9.75
Levees with tile or ditches_____.______.__.. 1 104,801,560 | 8,631,618 12,15
Part gravity and part pumplng.....c-cav.- 27,070,273 | 2,034,082 13.31
All dralnage by pPUMDIRE e cceervnacnen 78,804, 531 | 1,608,433 49, 87
b 71 7 ) SRR P PR 84,408,093 |-oeemnaas .

Land protected by lavees of an outside

BEODCY eammemeeeamrareeermem—an e m—amen e e m e 7,318,167 [mevemmnnan

1 Invested and requlired for completion.

Enterprises securing drainage by pumping constitute
a special problem because of their high construction and
maintenance costs.

Importance of Adequate Drainage to the Farmer:
Adequate drainage of flat lands is of great importance
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to the farmer who cultivates such lands. Thorough
drainage by removing surplus water and lowering and
stabilizing the water tuble provides a greater depth of
root zone, & warmer soil in the spring, and a better
physical condition for making a seed bed and for tillage.
On a field uniformly well drained, farm work can be done
more timely and efficiently. Damages due to winter
freezing are minimized by satisfactory dreinage. The
quality of nearly all agricultural crops is improved by
drainage which is of particular value to cash crops since
market prices vary greatly with quality. These
benefits of drainage are gradually lost and lands depend-
ent on drainage revert to marshes or even swamps when
drainage improvements are not maintained.

Maintaining Drainage Improvements

One of the most important problems of existing
drainage enterprises is to secure adequate and econom-
ical maintenance of existing drainage works. Many
enterprises have no systematic and effective method
of maintaining community drains. To accomplish
majntenance in some localities new assessments or
organization of a new enterprise is necessary, and
overhead expenses in connection with such mainte-
nance work appear unnecessarily large. The continued
successful use of drained lands requires maintenance of
both drainage district and farm drainage improvements.
If drains are not maintained, the lands affected
graduslly become less productive and farming becomes
hazardous.

The maintenance of open ditches which afford
outlets for farm drainage is particularly important at
the present time. The severe economic depression
and a series of dry years have resulted in wide-spread
neglect of these improvements which in many instances
are in a poor state of repair. The seriousness of this
situation will not be realized fully until one or more wet
seasons result in large crop losses. Extensive mainte-
nance work is needed during the next few years to put
open ditches in good operating condition. Consider-
able work of this character has been done by C. W. A.
and F. E. R. A. workers.

Maintaining farm drainage improvements is a neces-
sity to the welfare of farmers on lands artificially
drained, Educational and ‘extension activities should
be carried on in States where it is necessary to demon-
strate the importance of adequate dreinage and proper
maintenance, Considerable research should be do.nrf in
developing more economical methods of maintaining
drainage improvements. Drainage laws of some States
should be amended to facilitate adequate maintena.ncP.
Consideration might well be given to lending pl.lbllc
funds for self-liquidating projects which are agricul-
turally and economically sound.
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Completion of Drainage Enlerprises: Many projects
have large areas which are not productive because of
incomplete outlet ditches or insufficient farm drainage,
or because they are not cleared. An adequate land-
use program should provide for the completion of those
drainage enterprises which are partially completo and
are economically feasible and desirable, as in their
present incomplete condition a heavy burden is thrown
upon the cultivated land in the distriet. It would seem
wise to complete such enterprises and make it possible
for the lands not now in use to be brought into cultiva-
tion. Such drainage enterprises apparently should be
given preference when new land is needed in order that
such land can bear its fair share of the cost of maintain-
ing drainage improvements, schools, ronds, and other
local utilities. .

The Reconstruction Finance Corporation is not
authorized to make loans for the completion of new
projects or for the extenmsion of old ones, the main
purpose of which would be to bring additional land
into production. It will no doubt require considerable
time to complete the development of such projects with
private capital, This is an instance where private
interests encourage the bringing of new lands into
cultivation while agricultursl interests at the present
time generally encourage the reduction of acreage in cul-
tivated crops. A careful study should be made of
the individual areas and the opposing viewpoints
harmonized.

One possibility of utilizing unimproved lands in
drainage enterprises would be to relocate settlers from
nearby submarginal areas. In many instances people
could be kept in the same State or county by utilizing
land in drainage enterprises. Such relocations could be
worked out so that the farmers involved would cultivate
fertile instead of submarginal lands. In the past,
many farmers occupying hill land have found it
profitable to move to more fertile drained lands.
Available lands in drainage enterprises would in many
instances offer desirable farms on which to colonize
families now on relief rolls in urban areas.

Rehabilitating Drainage Districts

The problem of Federal aid for the rehabilitation of
drainage enterprises that have encountered financial
difficulties has been largely solved for the present, In
1933 Congress authorized the Reconstruction Finance
Corporation to refinance the outstanding indebtedness
of drainage enterprises in distress where a substantial
reduction in principal would be made. Later, authority
was granted to make loans for maintenance and rehabil-
itation of drainage improvements. Under the pro-
visions of this act, 445 districts having a total out-
standing indebtedness of $124,450,000 had applied for
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loans amounting to $64,561,000 by October 1934.*
The Drainage, Levee, and Irrigation Division of the
Reconstruction Finance Corporation reported that 203
loans had been granted, totaling $25,419,000. These
loans were approved to refinance $69,815,000 outstand-
ing indebtedness. In the districts to which loans had
been granted there were 6,455,200 acres of which
3,199,500 acres were in cultivation. The areas of
enterprises for which loans have been approved are
about 7 percent of the total area in drainage enterprises,
but the amount of outstanding indebtedness which has
been under consideration for refunding is a very large
percent of the total outstanding indebtedness of all
drainage enterprises. Theloans granted averaged $3.94
per acre, and under the scheme of refinancing these
drainage enterprises will have an annual cost of $1.64
per acre including local taxes, maintenance and opera-
tion charges, bond interest, and other costs, With
greatly reduced annual charges and improved agri-
cultural prices, districts which have completed such
refinancing are in an excellent position to improve and
develop their lands.

Abandonment of Uneconomical Drainage Enterprises.—
There are occasional drainage enterprises which, under
existing conditions, have proven economically unsound,
have caused losses to landowners, and most likely will
result in further financial losses to owners if they con-
tinue operating them. Abandonment of such enter-
prises will probably continue until such time as agri-
cultural lands are morein demand. In the past, public
sgencies have prevented the abandonment of some
districts by rendering financial assistance to keep them
operating or by repairing drainage works, The policy of
rendering such aid to districts which are not econom-
ically sound should be critically reviewed. Sometimes
such lands can be purchased for bird and game refuges
or for forest reserves. The problem of relocating or
otherwise caring for farmers and settlers on enterprises
which are abandoned should be given careful study.

The question of whether or not a district should be
abandoned depends largely on the fertility of theland
in the district, the value of the crops they produce, and
the cost of providing drainage and producing the crops.
Pumping enterprises are very difficult to maintain
continuously under unfavorable economic conditions,
The expense of operating pumping plants is so large
that very few owners are willing to pay large drainage
taxes on lands which are not producing revenue and
offer poor prospects for future profits. -

Draining Additional Land

Since there is overproduction of agricultural products,
there is no need at this time for extensive development
of additional areas simply to produce additional crops.

* Sea contribution by F. R. Kenny ou land reclamation polleies,
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However, owners of such nonproductive lands who are
paying taxes and deriving no income will, as soon as
agricultural conditions change and appear more favor-
able, be inclined to drain many of these areas if they
feel they can profit by such operations. At the present
time many believe that farmers on submarginal land
should be placed on fertile lands and that many families
on relief rolls should be colonized on small farms, These
possibilities have previously been mentioned as a
means of utilizing areas in uncompleted districts. This
movement might even develop to such an extent that
drainage of new lands will become desirable.

In considering the development of drainage enter-
prises it should be borne in mind that abandonment of
drained lands results in no permanent national loss such
as occurs when land is destroyed by erosion. When
lands revert to marsh or swamp, the investors and
landowners in such enterprises must shoulder the losses
and the lands are in the same state as existed before
reclamation. In view of these facts the formation of
new drainage enterprises should not be prohibited.
However, investors and the minority of landowners
should be protected against abuses sometimes common
to the formation of unsound enterprises. It appears
that landowners and investors should assume the
responsibility and expenses of developing new enter-
prises as long as new agricultural land is not required for
public uses or as a public policy. When a district is
once established, local interests become concerned with
its success. Improved roads often run through
drainage districts which would be flooded or made
impassable in case drainage improvements were not
maintained. The abandonment of the drainage enter-
prises also might affect school districts. In some cases
State and local agencies have assisted drainage districts
to continue operating because of their influence on
roads and schools.

An appreciation by investors of the true costs of
reclaiming lands by drainage would retard the unwise
promotion of many costly projects. While large areas
of land have been drained at a nominal cost, the recla-
mation of wet lands usually requires not only drainage
district improvement, but farm drainage, clearing,
farm improvements and a considerable expenditure
during the development period. Another reason for
developing undrained areas might be that our produc-
tion of food crops would be more assured and our pro-
gram of soil conservation would be more permanent if
more production were carried on in flat, well-drained
areas and not so much on areas that are subject to
erosion.

The locations of wetlands that are drainable areshown
in figure 2. The data from which this figure was pre-
pared were compiled in 1922. Sincethen considerable
areas have been organized for the purpose of securing
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4 WET LANDS THAT ARE DRAINABLE w1
Approximate Acreage, 1919
ey N /
:1i
Each dol represents
10,000 acres
- BASED ON THE CENSUS

U.S. DEPARTMENT OF AGRICULTURE

F1G. 2.—Areas of wet lands that are drainable are primarily in the eastern half of the United States. The data from which this figure was prepared were compiled in 1022,
then considerable areas have been organized for the purpose of securing community drainage, and various other changes have been effected.

BUALAU OF AGRICULTURAL LCOMOMICS

Sinco
After considering these changes,

it is estimated that there are now about 91,000,000 acres of land which could be improved or reelaimed by drainage for agricultural purposes.

community drainage. About one-half of this acreage
overlaps other drainage enterprises. Some enterprises
which were drained when this map was prepared have
been abandoned or maintenance has been neglected so
that community drainage would be necessary to
improve their productivity. After considering these
changes it is estimated that there are now about
91,000,000 acres of land which could be improved for
agricultural purposes or reclaimed by drainage.

This land affords a reserve of importance in the
future development of this country. These 91,000,000
acres of lands, which can be drained, when needed,
would support about 40,000,000 people.

Cost of Reclaiming Land by Drainage—The cost of
future drainage improvements will, no doubt, be con-
siderably higher than the cost of drainage district im-
provements already constructed. Estimates of the cost
of reclaiming land by providing the arterial drainage
channels which are not based on detailed surveys are
necessarily approximate but are of some valuein con-
nection with the working out of a land-utilization
program.

From the available information it is estimated that
probably one-third of these lands, or approximately
30,000,000 acres whose fertility ranges from good to
high, can be drained for not more than $30 per acre.
This area should more than meet the needs for new
lands in the next 50 years unless there should be a

marked increase in the birth rate, a lessening of the
restrictions on immigration, or an increase in foreign
exports. It is difficult to forecast the cost of reclaim-
ing the other two-thirds of the wet lands. A program
of development of navigation and of water resources of
watersheds has been started on the Mississippi, Mis-
souri, Ohio, Tennessee, and Muskegon Rivers and will
materially affect the cost of draining agricultural lands
in the watersheds of these rivers. In some instances the
effect will be to decrease the cost, in others to increase
the cost, of drainage. The control of floods on major
streams would tend to decrease the cost of drainage on
lands within the flood plain, while construction of
dams to provide water for navigation will usually
increase the cost of drainage. lmprovements in equip-
ment and changes in labor conditions make it imprac-
ticable to forecast cost of the development.

Legislative Problems

Drainage legislation in various States has made pos-
sible the development of drainage enterprises. How-
ever, it is generally agreed that a great need exists in
many States for simplification, unification, and amend-
ment of drainage laws to correct abuses, to reduce
administrative expenses, and to increase the efficiency
of construction and maintenance of drainage improve-
ments. Before any steps are taken to change the pres-
ent laws they should be carefully studied by experts,
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In making changes in present drainage legislation or
providing amendments, it should be borne in mind
that the interest of the public, the landowner and the
purchaser of bonds must be protected.

Many areas of very fertile farm land are not ade-
quately drained due to the impossible task of getting
enough of the owners to come to a common understand-
ing of the need and to accept their part of the responsi-
bility of making the improvement. To betier these
conditions some educational work is needed and prob-
ably some simplification of laws governing organiza-
tion of drainage enterprises, particularly those involy-
ing small areas.

In studying legislative needs for drainage enterprises
the following matters deserve consideration:

1. The advisability of a State board, a commissioner,
or other officer to pass on the need, feasibility, and costs
of new projects; to approve the issuance of bonds;
and to approve administrative, financial, legal, and
engineering fees.

2. The feasibility of revising laws relative to the
organization of drainage enterprises. Study should be
given to laws to determine what changes are necessary
to reduce the abuses, permit landowners freedom in
voting on the organization of enterprises after the cost
of improvements has been determined, and discourage
promoters or other interested parties from organizing
enterprises which are not agriculturally sound.

3. The feasibility of improving maintenance prac-
tices.

4. The advisability of spreading benefit assessments
over more extensive areas which are benefited by
drainage improvements. Such benefits include busi-
ness and health benefits to nearby communities; de-
creased cost of road construction by the county, State,
and Federal agencies; and the provision of increased
revenues for county and State government.

5. The desirability of permitting drainage districts
to issue bonds for clearing lands and providing farm
drainage in addition to outlet drains in order to bring
the lands reclaimed into cultivation.

6. The advisability of continuing Government aid
in the rehabilitation of drainage districts already
established to a degree that will put them on a sound
basis through refinancing outstanding indebtedness on
8 conservative basis, and providing loans for mainte-
nance where funds are not otherwise available, and
establishing an advisory service to districts which are
indebted to the Government.

7. The advisability of Federal legislation being pro-
vided to take care of interstate problems of drainage
organization,

8. The advisability of close financial control of
districts being provided by stated audits at least once
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a year and reported to proper State supervisor of
public accounts.

9. The collection of drainage taxes from delinquent
lands which are producing crops.

10. The simplification of laws which cover the fore-
closure by bondholders on delinquent districts by
giving bondholders representation in the management
of delinquent enterprises.

11. The problem of overlapping enterprises.

Need for Drainage Research: There is definite need
for further drainage research in a long-time program of
land use. Study is needed to determine the optimum
requirements of drainage, and the best drainage prac-
tice in different soil types in the production of different
crops as determined by yields. Such a study is essen-
tial to the establishment of a sound practice of drainage
and to secure the most economical and best results.
These studies should also include a study of the use of
open ditches as a means of providing adequate farm
drainage of certain soil types and the effect of special
surface preparation of the land for a seed bed on these
soil types.

There is also need for further studies on the mainte-
nance of drainage structures and equipment under
different conditions. This should include a study of
open ditch maintenance, tile maintenance, leves main-
tenance, and the maintenance and operation of pump-
ing plants.

There is need for studies of the run-off from areas
drained and from those not drained. Finally, need
exists for a study of special drainage problems such as
the drainage of peat and muck soils, the drainage of
tight clay scils, effect of pumping on groundwater
lovels, seepage into districts, and silting and erosion of
channels. Research work should be done on the legal
and organization problems listed in the previous section
and of the possibility of improving management prac-
tices.

Need for Educational Work: In most sections there
exists need for educational work and publicity on the
necessity of adequate maintenance of drainage im-
provements and on the requirements of adequate
drainage. Many farmers take it for granted that the
problems of drainage are solved for all time when a
ditch has been dug and tile lines installed. In most
sections of the country the need for and value of drain-
age is thoroughly recognized. In other sections a crop
failure caused by lack of drainage is accepted as an
“act of the Almighty’’ and nothing is done about it.

In some States there is a lack of men properly
trained in the theory of design and the art of drainage.
In those States there is need for special drainage service
which is now being met in some States through the
Agricultural Extension Service. Farmers who operate
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farms needing drainage should be advised as to the
importance of & complete drainage plan to meet the
needs of their farm, and also the importance of con-
tinued maintenance of drainage structures, just as they
are now advised as to the need of using limestone to
correct the acidity of the soil. County agricultural
extension agents might well devote some attention to
the question of adequacy and proper maintenance of
drainage structures as fundamental to the satisfactory
use of the land in their counties. Where there are
drainage engineers stationed in a county there should
be the same close cooperation between the county
agents and these engineers as now exists between other
professional and commercial men who serve agriculture.

Summary and Recommendations

The following is a summary of the most important
drainage problems pertaining to development of a land-
use program. )

There are about 84,000,000 acres in organized drain-
age enterprises and several million additional acres
which have been drained by farmers outside the organ-
ized enterprises. Of the 84,000,000 acres, 63,500,000
acres are improved lands. The continued successful
use of drained lands requires a maintenance of both
drainage district and farm drainage improvements.
More economical methods of maintaining drainage
improvements should be developed. Drainage laws
should be amended in some States to facilitate ade-
quate maintenance. Consideration might well be given
to rendering public assistance to self-liquidating main-
tenance projects which are agriculturally and econom-
ically sound.

There are over 20,000,000 acres of unimproved lands
in organized drainage enterprises. These lands are
producing practically no income. They hamper the
progress of the drainage districts because they cannot
support their proportionate share of maintenance
expenses. Districts which are agriculturally sound
should be completed. In some cases it will probably
be necessary to abandon uneconomical enterprises
which contain large areas of unimproved lands.

The Reconstruction Finance Corporation bas been
authorized to refund outstanding indebtedness
in drainage districts in distress. Loans totaling
$25,500,000 have been approved to refinance nearly
$70,000,000 outstanding indebtedness in districts con-
taining 6,500,000 acres. Districts benefited by these
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loans are in excellent condition to improve and develop
agriculturally, The officers of districts and land-
owners must exercise the best of management in order
to insure rehabilitation of the enterprises even aflter
obtaining Government loans. Loans to be used for
maintenance purposes can be obtained where needed
to rehabilitate or muintain drainage improvements,

There are 2 number of uneconomical drainage enter-
prises which have caused losses to landowners, and
most likely will continue to result in financial losses to
owners il continued in operation. The question of
whether or not these entorprises should be abandoned
depends largely on the success they have had in the
past and the resources and ability of the owners in
draining and farming the lands.

Since there is an overproduction of agricultural
products, there is no need at present to encourage
draining additional lands. Many farmers on sub-
marginal lands might well be moved to more fertile
lands and many families now on relief rolls could be
colonized on farms in drainage districts. Should these
policies become desirable, lands in uncompleted drain-
age districts might well be utilized for these purposes.
If the movement should become so widespread that
new lands are required by drainage, many tracts having
good to high fertility could be drained at an avernge
cost of not to exceed $30 per acre for arterial drainage.

The possibility of utilizing swamp and wet lands as
bird and game refuges or public shooting grounds, for
raising fur-bearing animals, or for recreational pur-
poses, and taking them out of agricultural use, should
be given careful consideration. Where such tracts
owned by the public are availuble to all residents,
recreational arens seem highly desirable. Owners of
wet lands, who are paying taxes and deriving no in-
come, will try to develop such lands by drainage ns
soon as they think they can profit thereby.

A study should be made of drainage legislation with
a view of improving the organization and legislative
procedure so that drainage overhead expenses will be
decreased and more adequate drainage can be secured
by the farmer.

Further research is desirable to develop improved
methods of drainage and of maintenance of drainage
works. An educational program should be encouraged
to assist farmers in securing better drainage, particu-
larly in areas depending entirely on artificial drainage
for their prosperity.



SECTION III
FARM LAND AVAILABLE THROUGH CLEARING*

No surveys have been made to determine the extent
of cut-over lands suitable for agricultural purposes,
but the accompanying table shows the areas as given
in a report on ‘““Development of Unused Lands of the
Country” (1919) transmitted by the Secretary of the
Interior to the Speaker of the House of Representa-
tives.* * Although that report was made 15 years
ago, it is improbable that any marked changes have
taken place since the data were obtained. Any clas-
sification of cut-over lands must necessarily be some-
what indefinite because of the lack of specific infor-
mation concerning the physical and economic condi-
tions that may make these lands suitable for agriculture.

The estimated per acre costs of clearing shown in
the table are intended to be representative of average
conditions. The amount, species, and size of forest
growth on these lands are factors that affect land-
clearing costs. In size the growth may vary from

TaBLE III.—Cul-over lands, and estimated cost of clearing!

Estimated cost of
Aren of cut- clearing
State? over land

Per acre Total
1,000 acres |  Dollars | 1,000 dottars
Alabama... ... L 15, 000 10 150, 000
14, 500 50 725, 000
3355 200 71, 000
3300 40 12, 000
100 40 4, 000
12, 500 10 125, 000
21,000 10 210, 000
3476 70 23, 800
3, 250 40 130, 000
12,000 20 240, 000
1,000 35 66, 500
...... 34,200 50 210, 000
35,300 50 265, 000
13, 500 10 135, 000
....................... 33,000 50 150, 000
e e 3312 40 12, 480
New Jersey.....aca... ¥ 600 15 9, 000
North Carolina_ ... _____ 13,000 2 260, 000
Oklahoma. .o o 3,000 a0 00, 000
Oregonl e ececceacaaes 7 830 200 186, 000
Pennsylvania________.______ 8mall [ oo
Rhbodo Istand. .. ool ? 185 40 7. 400
South Carolina.__.__.. 9, 500 20 100, 000
Tennessee_____.______._._.. 7, 800 30 234, 000
Texas oo eocaune 12, 000 20 240, 000
Virginia__. 10, 000 30 300, 000
Washington_. 52,025 200 405, 0D
4, 850 40 1886, 000

4, 900 50 245,
B -1 ) N 176,183 [-ceemcnneans 4,862, 180

! The areas stated are taken from H. Doc. No. 262, 66th Cong,, 15t sess.

1 For Maine, Massachusetts, New Hampshire, and Vermont t.f)e areas of cut-over
Innd availahle for agriculture were reported as ' unknown"; for the other Statas not
listed, no data were glven.

1 Estimated acreags suitable for agriculture not including those lands suitable for
grazing. Total cut-over area much greater.

* This report covers conditlons in 1634, and was prepared by N. A. Kessler,
associate lund-clearing specialist, Buresu of Agricultural! Engineering, U. 8.
Department of Agriculture,

* * Document No. 262, Houso of Representatives, 68th Cong., 1st sess.

42

seedlings on newly cut-over areas to large second
growth or mature timber on the areas cleared earlier.
Though the original stumps may decay with age, the
second growth is continuously increasing in size and
becoming more difficult to remove. The amount of
growth and the species may also vary somewhat,
depending on such factors as forest fires, previous
growth, and location. Any estimate of land-clearing
costs given in connection with these lands must neces-
sarily be rough and general, because of the lack of
information concerning the conditions which deter-
mine the cost of labor and materials involved in this
work.

In addition to the physical conditions obtaining,
the methods used may appreciably saffect the cash
cost of the several land-clearing operations. Brushing
costs may be reduced by pasturing with livestock,
particularly goats and sheep. This process develops
wild pasture, the quality of which is graduslly im-
proved as the smaller brush is killed by trampling or
browsing. Brushing costs can also be materially re-
duced if the area is burned over a year or two before
the actual removal of the brush; this is particularly
true with aspen. It has been found in the Lake
States that clover catches well on burned-over land,
and wild pasture can be improved by seeding these
areas. Where brushing has been done by cutting,
further brush growth can be suppressed by pasturing
until the stumps have been blasted and the land
plowed.

Stump removal costs can be reduced by delaying
this operation until some decay has taken place. This
is practical, of course, only with those species that
decay at least partially in a few years, such as hard-
woods and some pines. It is not practical with such
species as white and long leaf pine, which have an
extremely slow rate of decay.. The removal and dis-
posal of green stumps is costly, laborious, and slow
and is done only under exceptional conditions.

In the southern pine cut-over areas, the occurrence
of frequent fires has almost completely consumed the
forest litter and tree tops left as & result of logging
operations and has suppressed much of the brush
growth. Brush removal costs in those areas are prac-
tically negligible. Because of the resinous condition
of many of the pine stumps they may be burned with
little cash outlay, and the practice of burning stumps
is rather common. In some sections of the South,
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wood distillation planfs offer a market for long leaf
pine stumps and down wood, and under favorable con-
ditiozis the price paid may be somewhat more than the
removal and haulage costs. .

In the big timber sections of the West stump removal

and disposal costs are high because of the size of the
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stumps. 'The usual procedure is to blast with dynamite
or to pull with machinery. Under favorable condi-
tions stumps in that region may be burned with a small

cash outlay but with a considerable expenditure of
time. ' ’



APPENDIX
SOURCES OF IRRIGATION DATA

Arizona

Literature cited and articles reviewed:
(1) ARIZONA ENGINEERING COMMISSION:
Report Based on Reconnaissance Investigation of
Arizona Land Irrigable from the Colorado River.
72 p., illus., 1922-23.
(2) TROTT, FRANK P.:
Report of Altitude Surveys of Spencer, Bridge
and Diamond Sitese on the Colorado River.
3 p., illus,, 1925,
(3) UNITED STATES DEPARTMENT OF COM-
MERCE, BUREAU OF THE CENSUS:
Fifteenth Cepsus of the United States. Irrigation
of Agricultural Lands. Arizons, p. 68-75, 1930.
(4) MEINZER, O. E,, AND ELLIS, A. J.:
Ground Water in Paradise Valley, Arizona. U, S.
Geol. Survey Water-Supply Paper 375-B:
51-75, 1915.
(6) ROSS, C. P.:
The Lower Gila Region, Ariz., A Geographie,
Geologic, and Hydrologic Reconnaissance, with
8 Guide to Desert Watering Places. TU. 8.
Geol. Survey Water-Supply Paper 498; 237 p.,
23 pis., 1923.
{6) LARUE, E. C., with a foreword by Hubert Work,
Secretary of the Interior:
Water Power and Flood Control of Colorado
River Below Green River, Utah. U. 8. Geol.
Survey Water-Supply Paper §56: 176 p., 79 pls.,
1925,
(7) COLORADO RIVER COMMISSION OF CALI-
FORNIA, SACRAMENTO:
Colorado River and the Boulder Canyon Project,
1931.
(8) UNITED STATES DEPARTMENT OF THE
INTERIOR, BUREAU OF RECLAMATION:
Colorado River Compact. Ree. Record 13 (12):
p. 302-304, 1822,
(9) FORTIER, S., AND YOUNG, A. A.:
Irrigation Requirements of the Arid and Semiarid
Lands of the Southwest. UT. S, Dept. Agr.
Tech. Bul. 185. 68 p., illus., 1930,
(10) UNITED STATES DEPARTMENT OF THE IN-
TERIOR, BUREAU OF INDIAN AFFAIRS:
Plan and Estimated Cost of Revamping Canal
System, Indian Lands, San Carlos Project,
Arizona, (Unpublished report.) 56 p., illus.,
1933. -
Maps reviewed:

U. 8. Bureau of Indian Affairs, Reservations: Camp
MeDowell, Colorado River, Fort Mojave, Hopi,
Leupp, Maricopa, Navajo, and Zuni; also San
Carlos and Salt River Irrigation Projects.

U. 8. Bureau of Reclamation, Projects: Parker, Salt
River, San Carlos, Verde, and Yuma; also, irriga-
tion investigations for the Gila and Little Colorado
Rivers.
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California

Literature cited and articles reviewed:
(I7) STATE OF CALIFORNIA, DEPT. OF PUBLIC
WORKS, DIV. OF WATER RESOURCES:
Report to Legislature of 1931 on State Water Plan.
Bul. 25, 200 p., illus., 1930.

(18) SACRAMENTO, SAN JOAQUIN, AND KERN
RIVERS, CALIFORNIA:
A report to the Secretary of War from the Chief
of Engineers, U. 8. Army. 73d Cong., 2d Sess,,
H. Doec. No. 191, 1933, :

(19) THE UNITED STATES OF AMERICA AND
IMPERIAL IRRIGATION DISTRICT:
Complete Text of the All-American Canal Con-
tract, 1832.

(20) DIVISION OF WATER RESQOURCES, STATE
DEPARTMENT OF PUBLIC WORKS,
STATE OF CALIFORNIA:
Sacramento River Basin. Bul. 26, 583 p., illus.,
1931.

(21) STATE DEPARTMENT OF PUBLIC WORKS,
STATE OF CALIFORNIA:
San Joaquin River Basin. Bul. 29, 656 p., illus,,
1931.

(22) STATE DEPARTMENT OF PUBLIC WORKS,
STATE OF CALIFORNIA, DIVISION OF
ENGINEERING AND IRRIGATION:

Irrigation Requirements of California Lands.
Bul. 6, 196 p., illus., 1923,

(23) UNITED STATES DEPARTMENT OF COM-

MERCE, BUREAU OF THE CENSUS:

Fifteenth Census of the United States. Irrigation
of Agricultural Lands. California, p. 86-98,
1930.

" (24) AMERICAN SOCIETY OF AGRICULTURAL
ENGINEERS:
The Need for Additional Water Supplies in the
Irrigated Areas of the Western States. Section
II of the Report of the Committee on Irrigation
of the American Society of Agricultural Engi-
neers, for the 2 years ending June 1931,
Maps reviewed:
U. 8. Bureau of Reclamation: Klamath and Orland
projects, Imperial Canal System, All-American
Canal System and Imperial Irrigation Distriet.
U. 8. Bureau of Indian Affairs: Pyramid Lake and
Truckee Reservations. (California and Nevada).

Colorado

Literature cited and articles reviewed:
(32) FELLOWS, A. L.:
Irrigation Needs and Possibilities of the Great
Plains. Report by U. 8. Dept. Agr., Bur. Agr.
Engr., Div. of Irrig., 1930. (Unpublished.)
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(33) STATE OF COLORADO, DEPARTMENT OF
STATE ENGINEER, IN COOPERATION
WITH THE PLATTE VALLEY WATER CON-
SERVATION LEAGUE AND THE U, S,
ARMY ENGINEERS:
Report of Water Resources of the South Platte
River Bagin in Colorado and Present Utilization
of Same, together with Present and Future
Transmountain Diversions, 407, p., illus., 1931.
(349) UNITED STATES DEPARTMENT OF COM-
MERCE, BUREAU OF THE CENSUS:
Fifteenth Census of the United States. Irrigation
of Agricultural Lands. Colorade. p. 100-111,
1930.
(35) FALCK, D., GREENSLET, E.R., AND MORGAN,
R.E.:

Land Classification of the Central Great Plains,
Parts 4 and 5, Eastern Colorado, U. 8. Dept,, of
Interior, Geological Survey. 110 p., illus., 1931.

(36) BROOKS, L. R., DEEDS, J. F. FALCK D,
GREENSLET E. R., KERR, G. M,, AND

. PETERSON, J. Q.:

Land Classification of the Central Great Plains,
Western Colorado, U, 8. Dept. of Interior,
Geologieal Survey, 53 p., illus., 1933.

(37) FOLLANSBEE, RORBT.:

Upper Colorado River and Its Utilization. U.S.
Dept. of Interior, Geological Survey Water
Supply Paper 617, 394 p., illus., 1929.

(38) WOOLLEY, RALF R.:

The Green River and Its Utilization. U. 8. Dept.
of Interior, Geological Survey Water-Supply
Paper 618, 456 p., illus., 1930.

(39) ARKANSAS RIVER AND ITS TRIBUTARIES:

Extract from Report 308 to the Secretary of War
from the Chief of Engineers, U. 8. Army.

(41) MISSCURI RIVER:

Extract from unpublished report to the Secretary
of War from the Chief of Engineers, U. B.
Army, 1934.

(42) FORTIER, 8.:

Iirigation Requirements of the Arid and Semiarid
Lands of the Missouri and Arkansas River
Basins, U. 8. Dept. Agr. Tech. Bul. 36, 112 p,,

~ fllus., 1928,

{43) FORTIER, S.. AND YOUNG, A. A.:

Irrigation Requirements of the Arid and Semiarid
Lands of the Southwest. U. S. Dept. Agr.
Tech. Bul. 185, 68 p., illus., 1930.

Maps reviewed:

U. S. Bureau of Reclamation—Projects: Grand
Valley, Little Snake River, Lower White River,
Upper White River, 8an Juan River, Uncompahgre;
also Irrigated and Irrigable Areas, Reservoirs and
Reservoir Sites.

U. 8. Geological Survey—Irrigated and Irrigable
areas, Reservoire and Reservoir Sites, Topo-
graphical sheet La Platte County.

U. 8. War Department—Republican River Irriga-
tion projects, General Development, Existing and
Potential Irrigation and Potential Reservoirs on
the Platte River.
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Idaho

Literature cited and articles reviewed:

(61) AMERICAN SOCIETY OF AGRICULTURAL
ENGINEERS:

The Need for Additional Water Supplies in the
Irrignted Arens of the Western States, Section
II of the Report of the Committee on Irrigation
of the American Society of Agricultural Engi-
neers, for the 2 years ending June 1931.

(52) AMERICAN BSQCIETY OF AGRICULTURAL
ENGINEERS;

Areas Needing Supplementary Irrigation and the
Benefits to be Expected Therefrom in the Vari-
ous States, Section I of the Report of the Com-
mittee on Irrigation of the American Society
of Agricultural Engineers, for the 2 years ending
June 1931.

(53) UNITED STATES DEPARTMENT OF COM-
MERCE, BUREAU OF THE CENSUS:

Fifteenth Census of the United States. Irrigation

of Agricultural Lands, Idaho, p. 114-123, 1830,
(54) HOYT, W. G.:

Utilization of Water Resources of Snake River
Basn, Advance Synopsis of Water-Supply
Paper 657, 64 p., U. S. G. 8., 1932.

(55) FARIS, R. W.:

Supplementary Water for Irrigation in Idaho.
With Particular Reference to Boise and Snake
River Valleys, 18 p. (Not printed), 1934.

(56) COLUMBIA RIVER AND MINOR TRIBU-
TARIES:

A Report to the Secretary of War from the Chief of
Engineers, U. 8. Army. 73d Cong., 1ot Sess.,
H. Doc. No. 103, Vols. I & II, 1845 p., illus.,
1933-34.

(57} SNAKE RIVER AND TRIBUTARIES:

A Report to the Chief of Engineers, U. 8, Army,

from the District Engineer, Portland, Oreg.
. (Unpublished report), 1833,
(58) SNAKE RIVER AND TRIBUTARIES:

A Report to the Chief of Engineers, U. 8. Army,
from the Division Engineer, San Francisco,
Calif. (Unpublished report), 1933.

(59) FORTIER, 8., AND YOUNG, A. A.:

Irrigation Requirements of the Arid and Semiarid
Lands of the Columbia River Basin. U. 8.
Dept. Agr. Tech, Bul, 200, 55 p., illus., 1930,

(60) FORTIER, S.:
Irrigation Requirementa of the Arable Lands of
the Great Basin. U. 8. Dept. Agr. Bul. 1340,
56 p., illus., 1925,

Maps reviewed:
U. 8. Bureau of Reclamation—Projects: Bear Lake,
Boise, Hansen Butte Pumping, King Hill, Mini-
doka, Owyhee, Rathdrum Prairie, Snake River,
U. 8. Bureau of Indian Affairs—Projecta: Fort Hall,
Shoshone and Western Shoshone,
U. 8. Geological Burvey—Snake River Basin.
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Kansas

Literature cited and articles reviewed:
(69) SOUTHWESTERN BELL TELEPHONE COM-
PANY:
Economic Survey of Kansas, 215 p., illus., 1930.
(70) STATE IRRIGATION COMMISSIONER:
Biennium Report to the Kansas State Board of
Agriculture, 43 p., illus., 1920-22,
(71) UNITED STATES DEPARTMENT OF COM-
MERCE, BUREAU OF THE CENSUS:
Fifteenth Census of the United States. Irrigation
of Agricultural Lands, XKansas, p. 126-130,
1930.
(72) PETERSON, J. Q., MORGAN, R. E., AND
GREENSLET, E. R.:
Land Classification of the Central Great Plains,
Part 2,36 p. V. 8. Dept. of Interior, Geological
Survey.
(73) MISSQOURI RIVER:
Extract from unpublished report to the Secretary
of War from the Chief of Engineers, U. S. Army,
1934.
(74) OSAGE RIVER, MISSOURI AND KANSAS:
A report to the Secretary of War from the Chief
of Engineers, U. 8. Army. 73d Cong. 1st Sess.,
H. Doec. No. 91, 157 p., illus., 1933.
(75) REPUBLICAN RIVER:
Extract from unpublished report to the Secretary
of War from the Chief of Engineers, U. S. Army,
1934,
(76) ARKANSAS RIVER AND ITS TRIBUTARIES:
Extract from unpublished report to the Secrefary
of War from the Chief of Engineers, U. 8. Army,
1934.
(77) FORTIER, S.:
Irrigation Requirements of the Arid and Semiarid
Lands of the Missouri and Arkansas River
Basins. U. 8, Dept. Agr. Tech. Bul. 36, 112 p.,
illus,, 1928,

Montana

Literature cited and articles reviewed:
(87) AMERICAN SOCIETY OF AGRICULTURAL
ENGINEERS:

The Need for Additional Water Supplies in the
Irrigated Areas of the Western States, Section 1T
of the Report of the Committee on Irrigation of
the American Society of Agricultural Engineers,
for the 2 years ending June 1931.

(88) FELLOWS, A. L.:

Irrigation Needs and Possibilities of the Great
Plains, Report by U. 8. Dept. Agr., Bur. Agr.
Engr., Div. of Irrig., 1930. (Unpublished.}

(80) MONTANA IRRIGATION COMMISSION:

Irrigation Possibilities in Montana. Montana
Irrig. Com. An. Rpt., 96 p., illus., 1920.

{90) UNITED STATES DEPARTMENT OF COM-
MERCE, BUREAU OF THE CENSUS:

Fifteenth Census of the United States. Irrigation
of Agricultural Lands. Montana, p. 142-151,
1930.

(91) ALDOUS, A. E, AND DEEDS, J. F.:

Land Classification of the Northern Great Plains.
U. S. Dept. of Interior, Geological Survey,
Mimeo. Report, 136 p., 1929,

Land Planning Report

(92) COLUMBIA RIVER AND MINOR TRIBU-
TARIES:
A Report to the Secretary of War from the Chief
of Engineers, U. 8. Army. 73d Cong., 1st
Sess., H. Doc. No. 103, Vol. I & II, 1845 p,,
illus., 1933-34.
(93) JEFFERSON, MADISON, AND GALLATIN
RIVERS, MONTANA (Three Forks Basin):
A report to the Secretary of War from the Chief
of Engineers, U, 8. Army. 72d Cong., 1st Sess.,
H. Doc. No. 143, 161 p., illus., 1932.
(94) LITTLE MISSQURI, WYOMING, MONTANA,
SOUTH DAKOTA, AND NORTH DAKOTA:
A report to the Secretary of War from the Chief
of Engineers, U. 8. Army. 73d Cong., 1st Sess.,
H. Doc. No. 64, 90 p., illus., 1933.
{95) MARIAS RIVER, MONTANA:
A report to the Secrefary of War from the Chief
of Engineers, U. 8. Army. 72d Cong., 1st
Sess., H. Doc. No. 191, 91 p,, illus,, 1932,
(96) MILK RIVER, MONTANA:
A report to the Secretary of War from the Chief
of Engineers, U. 8. Army. 73d Cong., lst
Sess., H. Doc. No. 88, 257 p., iltus., 1933.
(97) MISSOURI RIVER:
Eztract from Unpublished Report to the Secretary
of War from the Chief of Engineers, U. 8, Army,
1934,
(98) MUSSELSHELL RIVER, MONTANA:
A Report to the Secretary of War from the Chief
of Engineers, U. 8. Army. 72d Cong., Ist
Sess,, H. Doc. No. 146, 74 p., illus., 1982.
(99) STATE ENGINEER'S OFFICE, MONTANA:
Excerpts from Report on Irrigation in the Colum-
bia Drainage Area, 1934,
(100) FORTIER, S.:
Irrigation Requirements of the Arid and Semiarid
Lands of the Missouri and Arkansas River
Basins. U. 8. Dept. Agr. Tech. Bul. 36, 112 p.
illus., 1928,
(101) FORTIER, S., AND YOUNG, A. A.:
Irrigation Requirements of the Arid and Semi-
arid Lands of the Columbia River Basin. U.
S. Dept. Agr. Tech. Bul 200, 55 p., illus., 1930.
(102) HARDING, 8. T.:
Irrigation Development in Montana. Mont. Agr,
Col. Expt. Sta. Bul. 103, 336 p., illus., 1915.
Maps reviewed:
U. 8. Bureau of Reclamation—Projects: Bitter
Root Valley, Flat Head, and Huntley.
U. S. Bureau of Indian Affairs—Reservations:
Black Feet, Crow Indian, Flat Head, Fort
Belknap, and Fort Peck.

Nebraska

Literature cited and articles reviewed:
(111) FELLOWS, A. L.:
Irrigation Needs and Possibilities of the Great
Plains, Report by U. S. Dept. Agr., Bur. Apgr.
Engr., Div. of Irrig., 1930. (Unpublished.)
(112) STATE OF NEBRASKA:
Water Power and Drainage of the State of Ne-
braska. Special Survey Report of the Dept.
of Public Works, Bureau of Irrigation, 390 P
illus,, 1931.
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(113) EWING, PAUL A., AND HUTCHINS, WELLS A.:
Farmers’ Irrigation District. Rehabilitation and
Agricultural Report by Div. of Irrig., Bur. Agr.
Engr., U. 8. Dept. Agr., 1933. (Unpublished.)
{114) UNITED STATES DEPARTMENT OF COM-
MERCE, BUREAU OF THE CENSUS:
Fifteenth Census of the United States, Irriga-
tion of Agricultural Lands. Nebraska, p.
154-161, 1930.
(115) PETERSON, J. Q., MORGAN, R. E., AND
GREENSLET, E. R.:
Land Classification of the Central Great Plains,
Part 2, Western Kansas and Southwestern
Nebraska. TU. S. Dept. of Interior, Geological
Survey. 36 p., 1930.
(116) MISSOURI RIVER:
Extraet from unpublished report to the Secretary
of War from the Chief of Engineers, U. S.
Army, 1934,
(117) NICBRARA RIVER, NEBRASKA AND WYO-
MING:
A Report to the Secretary of War from the Chief
of Engineers, U. 8. Army. 73d Cong., 1st
Sess., H. Doc. No. 90, 105 p., illus., 1934.
(118) WHITE AND BAD RIVERS, SOUTH DAKOTA
AND NEBRASKA:
A Report to the Secretary of War from the Chief
of Engineers, U, S, Army. 73d Cong., 2d Sess.,
H. Doec. No. 188, 53 p., illus., 1934.
(119) LOUP RIVER:
Extract from unpublished report to the Secretary
of War from the Chief of Engineers, U. 5.
- Army, 1934.
{120) FORTIER, S.:
Irrigation Requirements of the Arid and Semiarid
Lands of the Missouri and Arkansas River
Basins. T. 8, Dept. Agr. Tech. Bul. 36, 112 p.,
illus., 1928.
Maps reviewed:
U. 8. Bureau of Reclamation—North Platte Project.
U. S. War Department—Platte and Republican
Rivers and Reservoirs.

Nevada

Literature cited and articles reviewed:
(129) STATE OF NEVADA, OFFICE OF THE STATE
ENGINEER:

Abstract of Claims to the Waters of Salmon River -

and Tributaries, 16 pp., 19186.

(130) ———:
Humboldt River Distribution and Different Fea-
tures: Affecting These Deliveries for the Years
1927 to 1931, incl,, 1932.
(131)
Irrigable Areas. (Unpublished report.)
(132)

Order of Determination of the Relative Rights of
Claimants and Appropriators of the Waters of
the Carson River and Its Forks, 43 pp., 1928.

(133) UNITED STATES DEPARTMENT OF COM-

MERCE, BUREAU OF THE CENSUS:

Fifteenth Census of the United States, Irrigation
of Agricultural Lands. Nevada, pp, 164-171,
1930.

(134) FORTIER, 5.
Irrigation Requirements of the Arable Lands of

47

the Great Basin. 1. 8. Dept. Agr. Bul. 1340, 56
PP, illus., 1925,
Maps reviewed:
U. 8. Bureau of Indian Afisirs—Reservations: Pyra.
mid Lake, Shoshone, Truckee, Walker River.
U. S. Bureau Reolamation—Carson Valley and New-
lands projects, Humboldt River Investigations,
Truckee-Carson Drainage Area.

U, 8. Geological Survey—Snake River Basin.

New Mezxico

Literature cited and articles reviewed:
(144) AMERICAN SOCIETY OF AGRICULTURAL
ENGINEERS:
The Need for Additional Water Supplies in the
Irrigated Areas of the Western States, Section
11 of the Report of the Committee on Irrigation
of the American Society of Agricultural Engi-
neers, for the 2 years ending June 1931.
(146) FELLOWS, A. L.:
Irrigation Needs and Possibilities of the Great
Plains. Report by U. 8. Dept. Agr., Bur. Agr.
Engr., Div. of Irrig., 1920. {Unpublished.)
(147) LINNEY, CHARLES E., GARCIA, FABIAN, and
HOLLINGER, E. C.:
Climate as it Affects Crops and Ranges in New
Mexico. New Mexico College of Agriculture,
Agr. Expt. Sta., Bul. 182, 84 p., illus., 1930,
(i48) UNITED STATES DEPARTMENT OF COM-
MERCE, BUREAU OF THE CENSUS:
Fifteenth Census of the United Statea. Irrign-
tion of Agricultural Lands. New Mexico, pp.,
174-182, 1930,
(149) FORTIER, 8., and YOUNG, A. A.:
Irrigation Requirements of the Arid and Semiarid
Lands of the Southwest. U. 8. Dept. Agr.
Tech. Bul. 185, 68 pp., illus., 1930,
(150) SOUTH CANADIAN RIVER:
Extract from Unpublished Report to the Secre-
tary of War from the Chief of Engineers, U. 8.
Army, 1934.
Maps reviewed:
U. 8. Bureau of Indian Affaire—Navajo County.
U. 8. Bureau of Reclamation—Carlsbad and Rio
Grande Projects, S8an Juan River Basin, Gila
River Investigations, Pecos Valley.

North Dakota

Literature cited and articles reviewed:
(159) FELLOWS, A. L.:
Irrigation Needs and Possibilities of the Great
Plains. Report by U. 8. Dept. Agr., Bur, Agr.
Engr., Div. of Irrig., 1930. (Unpublished.)
{160) ALDOUS, A. E., AND DEEDS, J. F.:
Land Classification of the Northern Great Plaina.
U. 8. Dept. of Interior, Geological Survey.
Mimeo. Report, 136 p., 1929
(161) UNITED STATES DEPARTMENT OF COM-
MERCE, BUREAU OF THE CENBUS:
Fifteenth Census of the United States. Irrigation
of Agricultural Lands. North Dakota, p. 184
188, 1930.
(162) CANNONBALL, GRAND AND MOREAU RIV-
ERS, NORTH DAKOTA AND SOUTH
DAKOTA:
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A Report to the Secretary of War from the Chief

of Engineers, U, S. Army. 73d Cong., 1st
Sess., H. Doe. No. 78, 79 p., illus., 1934.
(183) JAMES RIVER, NORTH DAKOTA AND SOUTH
DAKOTA;
A Report to the Secretary of War from the Chief
of Eungineers, U. 8. Army. 73d Cong., 1st
Sess., H. Doe. No. 83, 130 p., illus., 1934,
(164) MISSOURI RIVER (MAIN STEM):
Extract from unpublished report to the Secretary
of War from the Chief of Engineers, U 8. Army,
1934.
(165) YELLOWSTONE RIVER:
Extract from unpublished report to the Secretary
of War from the Chief of Engineers, U. S. Army,
1934.
(166) FORTIER, S.:
Irrigation Requirements of the Arid and Semiarid
Lands of the Missouri and Arkansas River
Basins. U. 8. Dept. Agr. Tech. Bul. 36, 112 p.,
illus., 1928,

Oklahoma

Literature cited and articles reviewed:
(176 CIMARRON RIVER:
Extract from unpublished report to the Secretary
of War from the Chief of Engineers, U, S. Army,
1934,
(177) NORTH CANADIAN RIVER:
Extract from unpublished report to the Secretary
of War from the Chief of Engineers, U, S. Army,
1934.
{(178) FELLOWS, A. L.:
Irrigation Needs and Possibilities of the Great
Plains. Report by U. S. Dept. Agr., Bur, Agr.
Engr., Div. of Irrig., 1930. (Unpublished.}
(179) UNITED STATES DEPARTMENT OF COM-
MERCE, BUREAU OF THE CENSUS:
Fifteenth Census of the United States, Irrigation
of Agricultural Lands. Oklahoms, p. 189-193,
1930.
(180} SCHWENNESEN, A. T.:

Ground Water for Irrigation in the Vicinity of
Enid, Oklahoma. U. 8. Dept. of Interior,
U. 8. G.-S. Water-Supply Paper 345-B, 23 p.,

: illus., 1914.

(181)

. Ground Water for Irrigation in the Valley of North

"Fork of Canadian River near Oklahoma City,
Oklahoma. TU. 8. Dept. of Interior, U. 8. G. S.
Water-Supply Paper 345-D, 51 p., illus., 1914,
(183) MISSOURI RIVER AND TRIBUTARIES:
Extract from unpublished report to the Secretary
of War from the Chief of Engineers, U. 8. Army,
1934.
(184) FORTIER, 8., AND YOUNG, A. A:
Irrigation Requirements of the Arid and Semiarid
Lands of the Southwest. U. 8. Dept. Agr.
Tech. Bul, 185, 68 p., illus., 1930.
Maps reviewed:
U. S. Bureau of Reclamation—XRed River Project.

Oregon

Literature cited and articles reviewed:
(195) AMERICAN SOCIETY OF AGRICULTURAL
ENGINEERS:

Land Planning Report

The Need for Additional Water Supplies in the
Irrigated Areas of the Western States, Section 11
of the Report of the Committee on Irrigation of
the American Society of Agricultural Engineers,
for the 2 years ending June 1931.

(196) DUBUIS, JOHN:

Report to Desert Land Board on Central Oregon
Project, 58 pp., illus., 1915,

(197) SNAKE RIVER AND ITS TRIBUTARIES:

A Report to the Chief of Engineers, U. S. Army
from the District Engineer, Portland, Oreg.,
1933. (Unpublished report.)

(198) POWERS, W. L.:

Twenty-five Years of Supplemental Irrigation
Investigations in Willamette Valley. Oreg.
State Agr. Col., Agr. Expt. Sta. Bul. 302, 30
pD., illus., 1932,

(199) WHISTLER, JOHN T., AND LEWIS, JOHN H.:

Ochoco Project and Crooked River Investigations.
Bul. publ. by U. S. Bureau of Reclamstion in
cooperation with State of Oregon, 98 pp., illus.,

1915,
(200)
Harney and Silver Creek Projects. Irrigation
and Drainage. Bulletin published by U. 8.
Bureau of Reclamation in cooperation with
State of Oregon, 91 pp., illus., 1916.
(201)

John Day Projeet. Irrigation and Drainage.
Bul. publ. by U. S. Bureau of Reclamation in
cooperation with State of Oregon, 185 pp.,
illus., 1916.

(202) UNITED STATES DEPARTMENT OF COM-
MERCE, BUREAU OF THE CENSUS:
Fifteenth Census of the United States. Irrigation
of Agricultural Lands. Oregon, pp. 196-204,
1930.

{203) UNITED STATES DEPARTMENT OF THE
INTERIOR, GEOLOGICAL SURVEY:
Inventory of the Water Supply of the Snake River
Plaing in Southeastern Idaho. Mimeo. Rpt.,
8 pp., 1932, :

(204) CHEHALIS RIVER, WASHINGTON:
A Report to the Secretary of War from the Chief
of Engineers, U. 8. Army. 72d Cong., 1st
Sess., H. Doc, No. 148, 36 pp., illus., 1931.
(205 COLUMBIA RIVER AND MINOR TRIBU-
TARIES:
A Report to the Secretary of War from the Chief
of Engineers, U. S. Army. 73d Cong., 1st
Sess., H. Doc. No. 103, Vols. I and II, 1845 pp.,
illus., 1933-34.
{206) COQUILLE RIVER:
A Report to the Secretary of War from the Chief
of Engineers, U. 8. Army. 73d Cong., 1st
Sess., H. Doe. No. 78, 33 pp., illus., 1931,
(207) JOHN DAY RIVER, OREGON:
A Report to the Secretary of War from the Chief
of Enginners, U. 8. Army. 73d Cong., 1st
Sess., H. Doc. No. 84, 82 pp., illus., 1933.
(208) SNAKE RIVER AND TRIBUTARIES:
A Report to the Chief of Engineers, U. 8. Army,
from the Division Engineer, S8an Francisco,
Calif., 1933. (Unpublished report.)
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(209) WILLAMETTE RIVER, OREGON:
A Report to tke Secretary of War from the Chief
of Engineers, U, 8. Army. 72d Cong.,, 1st
Sess., H. Doc. No. 263, 136 pp., illus., 1832,
{210) FORTIER, 8., AND YOUNG, A. A.:
Irrigation Requirements of the Arid and Semiarid
Lands of the Columbia River Basin. U. 8.
Dept. Agr. Tech. Bul. 200, 55 pp., illus., 1930.
{211) FORTIER, 8., AND YOUNG, A. A:
Irrigation Requirements of the Arid and Semiarid
Lands of the Pacific Slope Basins. TU. 8. Dept,
Agr. Tech. Bul. 379, 69 pp., illus., 1933.
(212) FORTIER, S.:
Irrigation Requirements of the Arable Lands of
the Great Basin. U, 8, Dept. Agr. Bul. 1340,
56 pp., illus., 1925,
Maps reviewed:

U. B. Bureau of Indian Affairs—Klamath Indian
Reservation.

U. 8. Buresu of Reclamation—Projects: Baker,
Columbia Basin, Horse Heaven, John Day,
Klamath, Owyhee, Silver Lake, Umatilla, Vale,
White River, also Rogue River, Silver Creek,
Upper Deschutes, Warner and Willamette Valley
Investigations.

U. 8. Geological Survey—Snake River Basin, Silver
Creek Project.

Warner Valley (Henshaw and Stewart).

South Dakota
Literature cited and articles reviewed:

(226) FELLOWS, A. L.:

Irrigation Needs and Possibilities of the Great
Plains, Rpt. U. 8. Dept. of Agr.,, Bur. Agr.
Engr,, Div. of Irrig., 1930. (Unpublished.)

(227) UNITED STATES DEPARTMENT OF COM-

MERCE, BUREAU OF THE CENSUS:

Fifteenth Census of the United States. Irrigation
of Agricultural Lands. South Dakota, pp. 206-
211, 1930.

(228) ALDOTUS, A. E. and DEEDS, J. F.:

Land Classification of the Northern Great Plains,
U. S. Dept. of Interior, Geological Survey.
Mimeo. Repert, 136 pp., 1929.

(229) BIG AND LITTLE SIQUX RIVERS, IOWA AND
SOUTH DAKOTA:

A Report to the Secretary of War from the Chief
of Engineers, U. 8. Army. 72d Cong., st Sess,,
H. Doc. No. 189, 114 pp., illus., 1932.

(230) CANNONBALL, GRAND AND MOREAU
RIVERS, NORTH DAKOTA AND SOUTH
DAKOTA:

A Report to the Secretary of War from the Chief
of Engineers, U. 8. Army. 73d Cong., 1st Sess.,
H. Doc. No. 76, 79 pp., illus., 1934,

(231) CHEYENNE RIVER, SOUTH DAKOTA AND

WYOMING:
A Report to the Secretary of War from the Chief
of Engineers, U. 8. Army. 72d Cong., 1st Sess.,
H. Doc. No. 190, 277 pp., ilus., 1932.
(232) JAMES RIVER, NORTH DAKOTA AND SOUTH

DAKOTA:
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A Report to the Secretary of War from the Chief
of Engineers, U .8. Army. 734 Cong., 1st Sess,,
H. Doe. No. 83, 130 pp., illus., 1934,

(233) LITTLE MISSOURI RIVER, WYOMING, MON-
TANA, SOUTH DAKOTA, AND NORTH
DAKOTA:

A Report to the Secretary of War from the Chief
of Engineors, U. 8. Army. 73d Cong., 1st Sess.,
H. Doc. No. 64, 90 pp., illus., 1933,
(234) MISSOURI RIVER AND TRIBUTARIES:
Extract from unpublished report to the Secrotary
of War from the Chief of Engineers, U. 8. Army,
1934, '

(235) WHITE AND BAD RIVERS, SOUTH DAKOTA
AND NEBRASKA; : :

A Report to the Secretary of War from the Chief
of Engineers, U. S. Army. 73d Cong., 2d Scas.,
H. Doe. No. 189, 53 pp., illus., 1934,

(236) FORTIER, 8.:
Irrigation Requirements of the Arid and Semiarid
Lands of the Missouri and Arkansas River Bs.
sins. U. 8. Dept. Agr. Tech. Bul. 36, 112 pp.,
illus., 1928.
Maps reviewed:
U. 8. Bureau of Reclamation—Bello Fourche Project.

TEXAS

Literature cited and articles reviewed:
(246) AMERICAN SOCIETY OF AGRICULTURAL
ENGINEERS:
The Need for Additional Water Bupplies in the
Irrigated Areas of the Western States, Seelion
IT of the Repori of the Commitice on Irrigation
of the American Sociely of Agricultural Engi-
neers, for the 2 years ending June 1931,
(247) INTERNATIONAL BOUNDARY COMMISSION,
UNITED STATES AND MEXICO:
Tabular Data on Irrigable and Irrigated Lands
along the Rio Grande River, with detailed state-
ment, 1932.
{248) FELLOWS, A. L.:
Irrigation Needs and Possibilities of the Great-
Plains. Report by U. 8. Dept. Agr., Bur. Agr.
Engr., Div. of Irrig., 1930. (Unpublished.)
(249) LAWSON, L. M.:
Data on Irrigated Lands along the Rio Grande;
with detail statement, from an article (1929)
‘' Engineering Problems of the International
Boundary Commiseion, United Btates and Mex-
ico”, 11 pp., 1929,
(250) INTERNATIONAL WATER COMMISSION OF
THE UNITED STATES AND MEXICO:
Report of the American Section of the Interna-
tional Water Commission of the United States
and Mexico. 71st Cong., 2d sess., H. Doc. No,
359, 492 pp., illus., 1930.
(251) UNITED STATES DEPARTMENT OF COM-
MERCE, BUREAU OF THE CENSUS:
Fifteenth Census of the United States. Irrigation
of Agricultural Land. Texas, pp. 214-223, 1930,
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(252) FORTIER, 8., and YOUNG, A. A:
Irrigation Requirements of the Arid and Semiarid
Lands of the Southwest. U. 8. Dept, Agr.
Tech. Bul. 185, 68 pp., illus., 1930.
Maps reviewed:
American Section, International Boundary Commis-
sion of the United States and Mexico-Rio Grande,
Texas Board of Water Engineers—Lower Rio Grande
Valley, Lakes and Dams.
U. 8. Bureau of Reclamation—Projects: Rio Grande
and Cotulla, :

UTAH

Literature cited and articles reviewed:
(261) GREEN, W. M.:
Report on the Cache Valley Praject of the Salt
Lake Basin Investigation, Utah. U. 8. Dept.
Interior, Bureau of Reclamation. 114 pp.,
illus., 1924,
{262) UNITED STATES DEPARTMENT OF COM-
MERCE, BUREAU OF THE CENSUS:
Fifteenth Census of the United States. Irrigation
of Agricultural Lands, Utah, pp. 226-235;
1930.
(263) WOOLLEY, RALF R.:
Water Powers of the Great Salt Lake Basin. U. S.
Dept. of Interior, U. 8. G. 8. Water Supply
Paper 517, 270 pp., illus., 1924.
1265) FORTIER, S.:
Water Supply of Cache Valley. Utah Agricultural
College, 1897.
(266) FORTIER, S.:
Irrigation Requirements of the Arable Lands of the
Great Basin. U. 8, Dept. Agr. Bul. 1340, 56
PP., illus., 1925,
(267) FOLLANSBEE, ROBT.:
Upper Colorado River and Its Utilization. TU.S8.
Dept. of Interior, U. 8. G. 8. Water Supply
Paper 617, 384 pp., illus., 1929.
{268) WOOLLEY, RALF R.:
The Green River and Its Utilization. U. 8. Dept.
of Interior, U. 8. G. 8. Water Supply Paper
618, 456 pp., illus,, 1930.
Maps reviewed:
U. S. Burcau of Indian Affairs—Uintah Project.
U. 8. Bureau of Reclamation—Projects: Castle
Perk, Bear Lake, Dixie, Hyrum, Price River, Salt
Lake Basin, Strawberry Valley, White River,
Wonsit, also Colorado River Basin, Moon Lake
Investigations, and Provo River Development,
U. 8. Department of Agriculture—Cache Valley.

WASHINGTON

Literature cited and articles reviewed:
(271) UNITED STATES DEPARTMENT OF THE
INTERIOR, BUREAU OF RECLAMATION:
Summary of Project Data from the Denver, Colo.,
Office, 1934.

(272) UNITED STATES DEPARTMENT OF AGRI-
CULTURE, BUREAU OF CHEMISTRY AND

SOILS:
Soil Survey (Reconnaissance) of Columbis Basin
Area, Washington. Bul. 28, 55 pp., illus.,

1929,

Land Planning Report

(273) UNITED STATES DEPARTMENT OF COM-
MERCE, BUREAU OFF THE CENSUS:
Fifteenth Census of the United States. Irrigation
of Agricultural Lands. - Washington, pp.,
238-246, 1930,
(274) HOYT, W. G.:
Utilization of Water Resources of Snake River
Basin. Advance Synopsis of Water Supply
Paper 657, 64 p., U. 8. G. 8., 1932,
(275) JESSUP, L. T.:
Preliminary Report on Hydrology for the State of
Washington, 1934. (Unpublished.)
(276) CHEHALIS RIVER, WASHINGTON:
A Report to the Secretary of War from the Chief
of Engineers, U. 8. Army. 72d Cong., 1st
sess., H. Doc. No. 148, 36 p., illus., 1931.
(277) COLUMBIA RIVER AND MINOR TRIBU-
TARIES:
A Report to the Secretary of War from the Chief
of Engineers, U. 8. Army. 73d Cong., 1st
sess., H. Doc. No. 103, Vols. I & II, 1845 p.,
illus., 1933-34.

(278)

A Report to the Secretary of War from the Chief
of Engineers, U, 8. Army, 1932. (Mimeo-
graphed.)

(279) GREEN RIVER, WASHINGTON:

A Report to the Secretary of War from the Chief
of Engineers, U. 8. Army. 73d Cong., 2d
sess., H. Doe. No. 286, 36 p., illus., 1934.

(280) PUYALLUP RIVER, WASHINGTON:

A Report to the Secretary of War from the Chief of
Engineers, U. 8. Army. 72d Cong., 1st sess,
H. Doc. No. 153, 45 p., illus., 1931.

(281) SNAKE RIVER AND TRIBUTARIES:

A Report to the Chief of Engineers, U. 8. Army
from the District Engineer, Portland, Oreg.,
1933. (Unpublished report.)

(282)

A Report to the Chief of Engineers, U. S. Army
from the Division Engineer, San Francisco,
Calif., 1933. (Unpublished report.)

(283) COLUMBIA BASIN SURVEY COMMISSION,
STATE OF WASHINGTON: .

The Columbia Basin Irrigation Project, 185 pp.,
illus., 1920.

(284) GOETHALS, GEO. W, & CO., INC.:
Columbia Basin Irrigation Project. A Report to
the Department of Conservation and Develop-
ment, State of Washington, 56 pp., illus., 1921.

(285) LANGLOE, LARS:
Report on the Horse Heaven Irrigation Project
to the Directors of the District, 1920.

(286) FORTIER, 8., AND YOUNG, A. A.:
Irrigation Requirements of the Arid and Semiarid
Lands of the Columbin River Basin. U. &
Dept. Agr. Tech. Bul, 200, 55 pp., illus., 1930,

(287) SNOHOMISH RIVER, WASHINGTON:
A Report to the Sceretary of War from the Chief
of Engineers, U. 8. Army. 73d Cong., 2d Sess.,

H. Doc. No. 258, 83 pp., illus., 1934,
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Maps reviewed:

U. 8. Bureau of Indian Affairs—Projecta: Ahtanum,
Colville, Lummni, Simeoe, Klickitat, Toppenish,
Wapato, Yakima.

U. 8. Bureau of Reclamation—Projects: Columbia
Basin, Horse Heaven, Kittitas-Yakima, Okanogan,
Priest Rapids, Rathdrum Prairie, Sunnyside Unit,
Yakima.

U. 8. Geological Survey—Snake River Basin.

Wyoming

Literature cited and articles reviewed:
(207) AMERICAN BOCIETY OF AGRICULTURAL
ENGINEERS:
The Need for Additional Water Supplies in the
Irrigated Areas of the Western States, Section
II of the Report of the Committee on Irrigation
of the American Society of Agricultural En-
gineers, for the 2 years ending June 1931,
(298) FORTIER, 8.:
Irrigation Requirements of the Arid and Semiarid
Lands of the Missouri and Arkansas River
Basins. U.S. Dept. Agr. Tech. Bul. 36, 112 pp,,
illus., 1928. ‘
(209) FORTIER, 8., AND YOUNG, A. A.:
Irrigation Requirements of the Arid and Semiarid
Lands of the Southwest. U. 8. Dept. Agr.
Tech. Bul. 185, 68 pp., illus., 1930.

{300}

Irrigation Requirements of the Arid and Semiarid
Lands of the Columbia River Basin. TU. 8.
Dept. Agr. Tech. Bul. 200, 55 pp., iilus., 1930.
(301) WHITING, JOHN A.:
Nineteenth Biennial Report of the State Engineer,
83 pp., illus., 1927-28.
(302) JOHNSTON, CLARENCE T.:
Irrigation in Wyoming. U. S. Dept. Agr. Office
of Expt. Sta. Bul. 205, 60 pp., illus., 1909.
(303) DEEDS, J. F., FALCK, DEPUE, GREENSLET,
E. R., MORGAN, R. E, AND HOPPER,
W. L.: ’
Land Classification of the Central Great Flains,
Part 3, Southeastern Wyoming. U. 8. Dept.
Interior, U. 8. G. 8., 39 pp. 1929,

.
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(304) ALDOUS, A. E,, AND DEEDS, I, I'.:

Land Classification of the Northern Great Plains,
U. 8. Dept. Interior, Geologieal Survey.
Mimeo. Rpt., 13§ pp., 1929.

(306) CHEYENNE RIVER, SOUTH DAKOTA AND
WYOMING:

A Report to the Secretary of War from the Chicf
of Engineers, U. S, Army, 72d Cong., 1st Sess.,
H. Doe, No. 190, 277 pp., illus., 1932.

(306) WOOLLEY, RALF R.:

The Green River and Its Utilization. U. 8. Dept.
of Interior, U. 8. G. 8. Water-Supply Paper 618,
456 pp., illus., 1930.

(307) LITTLE MISSOURI RIVER, WYOMING, MON-
TANA, SOUTH DAKOTA, AND NORTH
DAKOTA:

A Report to the Secretury of War from the Chicf
of Engineers, U. 8. Ariny. 73d Cong., 1st Sess.,
H. Doc. No. 84, 90 pp., illus., 1933.
(308) MISSOURI RIVER AND TRIBUTARIES:
Extract from unpublished report to the Secreinry
of War from the Chief of Engineers, U, 8. Army,
1934.

(309) NIOBRARA RIVER, NEBRASKA AND WYO-
MING:

A Report to the Secretary of War from the Chief of
Engineers, U, 8. Army. 73d Cong., 1st Sess.,
H. Doc. No. 90, 105 pp., illus., 1934.

(310) WOOLLEY, RALF R.:

The Green River and Its Utilization. U. 8. Dept.
of Interior, U. 8. G. 8, Water-Supply Paper 618,
456 pp., illus., 1930.

(311) FOLLANSBEE, ROBT.:

Surface Waters of Wyoming and Their Utilization,
331 pp., illus,, 1923.
{312) UNITED STATES DEPARTMENT OF COM-
MERCE, BUREAU OF THE CENSUS:
Fifteenth Census of the United States. Irrigation
of Agricultural Lands, Wyoming, pp. 248-256,
1930.
Maps reviewed:

U. 8. Bureau of Indian Affuirs—Wind River Reser-
vation.

U. 8. Bureau of Reclamation—Projects: Alcove-
Casper, North Platte, Shoshone, also Irrigation
on Culorado River Basin, Snake River Basin,

U. 8. War Department—General Development of
Platte River, Little Snake River Project, Reser-
voirs, Yellowstone River.



