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PREFACE 

On November 28, 1934, the National Resources 
Board submitted to the President, in accordance with 
•n Executive order, its report on National Planning 
and Public Works in Relation ·to Natural Resources 
and Including Land Use and Water Resources. Part 
'II 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 

1·f 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 
Land 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 ond 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 Economics, 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, 
commissions, 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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SECTION I 

EXTENT OF LAND 

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 a 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 coinplete report, for the preparation of 

fwhich 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 
area susceptible of irrigation (hereinafter called the 
"potential" area, for the sake of brevity). The cost 
classification has reference to the irrigation 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 

• Prepared by Fred 0. Scobey, senior irrigation engineer, Division or Irrigation, 
Bureau or A!;rlcultoral Engineering. 
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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, 
Idaho, 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 nre 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 a 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, Oklahoma, 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 irrigation 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 

•The census definition of "area irrigated" applied only to the census year (IOZ9). 
hut was Intended to cover all land then Jrri,gated regardless or the oature or degree of 
su1Dclency of the Irrigation. The irrigation schedule carried the following deftnJtlon: 
"Land should be classed as l.nigated which bas water supplied to It by artlficlaJ 
means or by seepage rrom canab, reservolrs, or irrigated lands, but land which bas 
natural ground water su1Dclently near the surface to support plant life should not be 
classed as Irrigated. Land which Is flooded during bl~~:b·water periods should be 
classed as irrigated if water Is caused to Oow over it by dams, canals, or otherwise, 
but sbonld not be classed as Irrigated If the overOow Is due to natural causes alone." 

Of the total area reported as irrigated In 1929, about 25 percent was In land from 
which no crops were harvested, representing mostly Irrigated pasture. 

The census "area enterprises were capable of supplying with water" related to the 
year 1030. The fi!nlf'e was based on estimates by those oontrollinR the lrrigation 
enterprises involved, and represented "the area which the constructed works and 
tho controlled and normally available water supply could serve, regard IE!~.'~'~ of whether 
or not the land was formed 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 !)qualized 
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 
N a tiona!. 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 
r~cl~mation 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
cult?I"~ hn~ publish~d a series of recent bulletins showing 
the lrrigatwn 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 
~rincipal irrigation engineer in the Division of hriga
twn of _the Bureau. of Agricultural Engineering,* who 
~as en_nne~t~y e~mpped ~or the task by long associa
tiOn With llTiga.twn practiCes and intimate knowledge 
of nil the expenmcntal and investigational data which 
existed at the time, bearing on the use of water in irri
gation in various State and Federal records. Within 
enc~ major region smaller areas were blocked off and 
assigned definite "irrigation requirements" after con
sideration of nil the experin1ent~l data available. As 
these smnller 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 

• ln preparing some of these publications Dr. Fortier was assisted by Arthur A. 
Young, irrigation engineer, Division of Irrigation, Bureau of Agricultural Engineer· 
log. 
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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 matureJl 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 
in.-olved. 

Supplementary supply is usually considered as reser
voir or ground water storage to be held as a 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 Redamation be-
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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 a 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 1\Iexico, 
there hns as yet been no definite determination. Under 
the agreement, "if the United States of America shall 
hereafter recognize in the United Stutes 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 insufficient for this purpose then the burden 
of such deficiency shall be borne equally" by the two 
basins. 

Grazing and Other Land8 and T!teir 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 i.nfm1nation 
exists in terms of definite acreage, at least so fur 113 the 
valley and desert areas are concerned. An examina
tion of the "Natural Land Use Arens" 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 nnimuls 
lies in the national forest reserves, and the location and 
extent of such grazing areas are better )mown 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 Acknowled~ments* 

As stated before, the Federal census of irrigation for 
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 latter 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 Stntes 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 numbers refer to list of publications under'' Source.s of Irrigation Data." 
appendls. 
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various western headquarters, supplied maps of the 
Indian reservations showing the lands now ini.gated 
and the potential areas. 

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 O<;ean, the Portland 
office supplied published reports for the following 
stre11ms: Chehalis, Columhin and minor tributaries, 
Coquille, John Day, Green, Puyallup, Snake, Sno
homish, and Willnmette. The Kansas City office 
supplied published reports on the following streams: 
Arkansas, Missouri, Niobrara, Osage, Republican, and 
White and Bad; and adv11nce sheets for the main stem 
of the Missouri, and for the Yellowstone and Platte. 
The Memphis office supplied adv11nce sheets for the 
Canadian and Cimarron Rivers of Kansas and Okla
homa. Since the Army reports are based on very 
recent investigations covering tt long period of years, 
the potentinl areas located in these reports were 
accepted with but little modification. 

The United States Geological Survey, through its 
Water Resources Branch, has made exhaustive studies 
of the basin of Snoke River ••, of Green River and its 
utilization 310

, and of the upper Colorado River and its 
utilization 37• 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 fu'St or Central Valley unit i~ 
described in the "State Water Plan" 17• Still further 
detail is found in "The Sacramento River Basin" 20 

and "The Son Joaquin River Basin" 21 • Data for the 
region of the lower Colorado River in Arizona and Cal
ifornia are found in "Colorado River nod 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 El Paso, Tex. 

Much data for Nebraska were taken from n recent 
survey report on irrigation and power 112• 

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

Data regarding potential areas located by private or 
Stnte enterprise, other than those acknowledged above, 
were obtained ns 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 
repori. 

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

Idaho: From the office of R. W. Faris; commissioner 
of r~clamation, 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 Oklahoma 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 
and pertinent comment based especially upon famili
arity with statistics appearing in the reports ofthe 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 conflict 
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 1.) 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 ruie in a region where irriga
tion is practiced, the yield of the irrigated areas is far 
in excess, both in qunntity 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 ouiy, 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 
tnterprises 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 
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$50 per acre 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, formnny 
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. 

Explanation 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 has been impracticable 
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 to mature. 

TABLE I.-SummarY by States of present irrigation developmen-t and ultimate possibilities of irrigation reclamation 

Dlstrlbutlon ot addltlonnlirrlfl!:able aroa according to estimated 
Present development 

Additional Net annual 
Area enter- irrigable mtimate Irrigation 

State Area lrrf· prises were area lrrlgable requirement 
Less than 

gated in 
capable or (potential area• for ultimate 

1{~20 1 
supplying area) I irrlgable area $60 per Rcre 
witb water 

in 1930 1 

Acru Acre& Acre& Acru Acre-fed Acru 
Arizona __ • ___ •••• ______ ----- 575,500 824,152 J 754,600 1,578, 800 4, 616, 22fl 19,700 

Cautornla ••• _ ••• -----------. 4, 746,632 6, SIS, 250 9,857, 750 16,673,000 46,816,000 1,031, 079 

Colorado. _____ • _ •• _ •••• ----- 3,393,619 4,C78, 712 957, 600 5,036, 300 9,616,000 
-------~:ooo· 

~it~i~~~~~~~~~~~~~~~~~~~~j 
2, 181,250 2,617,021 1,138, 500 3, 755, 500 0, 217,400 

71,290 83,583 1, 250,000 I, 333,000 2,333, 000 00.000 

I, 594,012 2, 276,000 I 1, 589,600 3,865, 600 6, 746,200 116,000 

532,617 703,641 1, 000,600 I, 773, 200 2, 216,400 51,500 

486,648 736,2-19 326,700 1,065. 000 2, 112,500 38,400 
New Mexico ________________ 5'Ii, 033 656, ... 434,200 1,000. 800 2. 403,300 86,100 

orth Dakota ••••••••••••••. 9,392 
"'· 000 ""'· 000 

312.000 421.200 
"'· 000 

0~~=~:~~:::::::::::::::::: 
I, 573 7,331 120,000 127,400 137,500 80,000 

898, 713 1, 158,210 2,3.'>1,600 3, 512,000 6, 433,700 1,481,100 

~outh Dakota ••••••••••••••• 67,107 109,550 112,800 222,400 333,700 15,000 

798,917 1,177. 415 1, 130,000 2, 307,400 3, 615,400 139,000 

w:r:.·_~ ~ ==== == == ======= = == = = 
1, 324,125 1,542,475 622,400 2, IIH, 900 4, 331, 200 6tl,OOO 

W nshington __ --------- •• _ ••• 409.283 631,511 2,024, 000 2, 6.55, 500 7, 185,080 46,000 

yomlng __ ----------------- 1, 236, 155 1, 655,008 2,405, 700 4, 060,600 6, 622.500 508, 100 

TotaL. _______ •••• _____ 18.944.856 25,006,783 26,436.050 51.534.900 115.066,300 3, 823.980 

1 u. s. Bureau or the Census, Irrigation or Agricultural Lands. 
1 In round numbers 
1 Large area under ,;High line survey" excluded as infeasible because another part Is included In another plan. 
1 Coordinated State plan for old and new lands, municipal and industrlsl purposes, does not segregate ctlarges. 

lands, Including storage, conveyance canals, and distribution system. 
• State authorities suggest larger acreage of potential land tban ArmY reports which were usually accepted. 

costs of reclamation 

Between Between More than lndeter· 
$SO and $100 $100 and $200 

per acre per acre $200 per acre ruinate 

-
Acrrl Ati'U Aertl Acre& 

33,000 39,100 b94,600 ... ,.. 
-----. "i2~ 5iX) ------ 246~ 30() -------------- I !1,826, 671 

··-----7i;700" .... 800 
407,500 525,000 114,300 

-----. i4S: 000- ..... ·-;w~o;,;,- ...... 4i3;700" J, !110,000 
817,000 

125,300 63,400 16,200 813,200 
161,300 ·····--ii"OOO. ·······M;ooo· 127,000 
172,500 08,600 
10,000 31,300 ----------·· .. 160,700 

--····oog;c,oo· ------········ -·-·. ········. ...ooo 
222.000 -·-····a?:soo· 142,000 

·····szo~ooo-
00,000 ........ i7i:OOO 

--····tsa~ioo· -······ss:ooo· 26,000 26-~. 800 
35,400 1,345, 100 20,000 57l,WO 

808,300 392.000 42.800 fiH,WO 

3.350,""' I a. 216.300 I I. 356. 300 14. 689, Zi'O 

Much of tbb area wUI cost around $100 per acre tor oew 
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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 crop 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 for 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: 

Stntc Acru 
Arizona_______________________________________ Negligible 
California_____________________________________ 5, 900,000 

ColoradO------·------------------------------- 7,250,000 Idaho ________________________________________ 2,170,000 
l(ansas _______________________________________ 10,760,000 
~ontana _____________________________________ 12,270,000 
Nebraska _____________________________________ 6,980,000 

Nevada_______________________________________ Negligible 
New ~exico__________________________________ 1, 100,000 
North Dakota _________________________________ 11,070,000 

Oregon·-------------------------------------- 3, 75~000 
South Dakota ... ------------------------------ 8,500,000 
Utah----------------------------------------- 470,000 
Washington___________________________________ 7, 380,000 
WyoDiing _____________________________________ 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 Rending 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 Plan,ning 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 California. 4 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 1 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 second( 
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 lands of the Southwest 9 Fortier ant; 
Young set up a net requirement of 3 feet for the bull' 
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-fpet 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 southea&t of Phoenix. 
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Therefore 3 feet is well supported as a net irrigation 
reqmrement 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 nationnl forest reserves 
and on Indian reservations. The low valleys of the 
State support few forage growths without irrigtttion, 
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 Arizona. 

I 
California 

Irrigation Development: Of the totnl State area of 
100,000,000 acrtls 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 23 indicate the tremendous potential area 
to be affected lm·gely 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 ncres) a large part would be benefited 
by a supplementary water supply. Various authorities 
have estimated the ultimate possible irrigation develop
bent of the arable lands of California as between 
12,000,000 and 18,000,000 acres. 

California is the only Western State that hos 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 local project of the size found in the other 
States, neither was a charge developed against aren.s 
now irrigated in order for them to obtn.in supplementn.ry 
water to cn.rry their irrign.tion season from, sa:v, 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 Cn.lifornia would be benefited by irrigation. 

j':"i:tensive areas in both the San Joaquin and Sacra
mento valleys have been farmed to grn.ins for mnny 
years. The ln.rge 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 thn.t there 
is a mean annual surplus of some 10,000,000 acre-feet 
of water in the Sacramento Valley "' and a marked 
deficiency in the San Joaquin V n.lley 21 • Between the 
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area surrounding Fresno and that tributn.ry to Bnkers
field, there is relatively little surface run-off and the 
irrigation nt present is largely by means of pumping 
from ground water. As in many other eintiln.r areas, 
the ultimate possibilities of ground water yield wore 
not understood in the beginning and more lnnd wn.s 
put under irrigation than the current naturnl roploni,h
ment can carry. Much of this de,•elopmcnt was of 
the highest order and the State is much concerned 
because of the obvious necessity to supply supplomontnt·y 
water to aid the present sources and thus snvo some 
200,000 acres in this part of tho Great Central V alloy 
from reverting to a desert condition. An aron of 
about 400,000 acres in this valley is now overdrnwing 
the natural water supply. 

Central Valley Project:• The first unit of tho coor
dinated State plan may be described ossentinlly ns 
follows: Storage of the Upper Sncramonto, l\IcCioud, 
and Pit Rivers is to be effected nt Kennett Reservoir in 
the northern portion of the State. With a dam 420 
feet high, some 3,000,000 nero-feet of water cnn be 
stored. In the release of this water, hydroelectric 
power will be generated nnd carried to the Bay region 
by means of the Kennett transmission line. The water 
is to be allowed to flow down the Sacramento, niding in 
navigation, and diverted at various points for irrigation 
of lands on the valley floor, with the eventual idea of 
pumping lifts serving lands lying too high to be reached 
by the primary canals. After providing for tho com
plete irrigation of the Sacramento V alloy, a large flow of 
water will reach the great delta area of 400,000 highly 
developed acres at the junction of the Sacramento nnd 
San Joaquin Rivers. Here the surplus water will 
maintain a fresh water flow toward San Francisco Bay 
sufficient in volume to flush out snit water that has 
gradually encroached upon the delta islands until their 
agriculture is said to have been impaired in certttin 
years. 

From tho Delta region to Mendota Dnm, 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 nn irri
gat.ion supply available to the present irrigated lands of 
San Joaquin Valley and to much of the area 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 nero-feet of water, with n 
dam 252 feet high. After developing power at the 
outlet of the reservoir, some water will flow northward 

•For reference to map In tblsreport, see map on Amble Land of the Wc:~tern United 
States. For a more detnlled presentation and maJ)S regarding lrrl~utlon projects In 
California tho reader Is referred to tbo reports and bulletins publl.<~bcd by Lbe StaLe 
division of water resources, Socramento, Calif. 
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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 areas 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 
eventually 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 
utilized 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 Los 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 i 
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 19, 

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 international line, 3,000 second-feet will be 
dropped back into a lO\~er canal or the Colorado ~iver ~ 
through a hydroelectnc plant for the generatiOn oil, 
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
tion 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 mortC 
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 detennining 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 total 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 be~efit 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 number of sec
tions in each of which conditions were reasonably 

' uniform so that a certain definite figure could be set 
up as m~asuring its requirement. After assemb~g ~ll 
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 
authorities on the subject. Their ultimate findings, 
practically confirming the originl figures, ":ere used in 
the computations of the total water reqUirement for 
potential agricultural areas in any specific part of 
California. 22 

Grazing: Some of the potential irrigated lands. now 
constitute grazing areas, especially after the wmter 
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 
valleys in late 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 fornge 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 grnzing lund of 
various types in Cnlifornia. 

Colorado 
Irrigation Detelopment: Second only to Cnli£ornin in 

the extent of its irrigated areas, Colorado hns 4,078,712 
acres irrigable "under its present system, while of these 
3,393,619 were actually irrigated in 1929. The addi
tional potentinl areas, largely on the western slope, 
comprise 958,000 acres. Unlike Cnlifornin, 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 Stutes, 
and the Iutter look to Colorado for n 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 tho State 
was bused, 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; tJ.e Arkansas River flows across 
the line into Kansas, even tunlly reaching the Mississippi; 
the Rio Grande flows across N cw Mexico, forming the 
international boundary line between the United States 
aud Mexico, eventually reaching the Gulf of Mexico; 
the Upper Colorado, formerly called t.lte 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 Junn 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 northeast 
corner of Utah, enters Colorado to receive the Yampa 
as a major tributary, and Inter on is joined by the 
Wbite, all draining an extensive portion of the State. 
The North Platte leaves Colorudo 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 arc 
described on page 3. However, the States of Wyom
ing, Nebraska, Kansas, and New Mmdco 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 n distinct clea-rnge 
between the eastern two-thirds and the western one-
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third of the State. The eastern slope is known to be 
so 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 Colorndo 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 tho doctrine of prior appropriation, and 
has never established a policy of arbitrarily setting 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 at least 
a portion of the irrigation season whereas the Iuter, or 
junior rights, in many cases go year after year without 
obtaining sufficient water. The inunediate concern of 
the State officials is to conserve fully, by means of 
reservoir nnd ground water storage, nil 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 engineer 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 areas· in the western slope 
were located by reference to two water supply papers 
dealing with the Upper Colorado River and its Utiliza
tion 37 nnd the Green River and its Utilization 38 

respectively, supplemented ns far as possible by informa
tion developed in the survey conducted by the United 
States Bureau of Reclamation for the determination of 
present nnd potential areas for the whole Colorado 
River Basin. 

Duty of Water: The liTigation requirement as set up 
by Fortier " for the eastern slope for the Missouri and 
Arkansas River Basins is slightly more than 2 acre
feet of wnter per acre of land. For the Rio Grande 
Basin nnd the western slope basins 43 it is believed that 
more ruinfull 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 42 a figure of but 1.35 feet is offer~d. 

Grazing: Much of Colorado once belonged to the 
great cattle-range co1mtry. The fencing of range lands 
and the taking up of water for irrigation has changed 
the cattle business until now it involves sununer 
grazing in the mountain parks largely within the forest 
reserves, and winter feeding of alfalfa and other forage 
raised on irrigated Inn~. Great numb~rs 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 conning 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 is 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 
Snit Lake. The headwaters of the Snake lie in the 
high mountains of eastern Idaho and western Wyoming 
south of Yellowstone Parle 'Willie 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 authorities 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 transmountnin diversions to 
supplement the supply now available. However, the 
map shows great potential areas on both sides of Snake 
River. 

It is estimated thnt..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 regulnte further the waters of the 
Upper Snake. However, State authorities 55 make the 
point that American Fnlls 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 some 2,000,000 
acres of irrigated land. Of this storage 3,800,000 acre
feet is in 4 7 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 distinct conflict between hydroelectric 
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 lava 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 stern 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 Darn 
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 Darn 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 Darn, 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 Horne 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. 

H4Q00-36-3 
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The fourth block at the western side of tho Stntc, 
lying north of Snake River, is the groat Boise Valley 
of some 200,000 highly developed acres served 'vith 
direct flow of the Boise River, supplemented by exten
sive storage at Arrowrock Dum. In this area sovornl 
possibilities of developing "exchange water" could be 
worked out in connection with o. coordinated plan. 

The va.lley of the Snake lends itself to tho develop
ment of such a plan for the complete use of its water. 
The present irrigation is well divided between ennuis 
developed by local interests, those constructed by the 
United States Bureau of Reclamation, and the suc
cessors of an important group of projects which were 
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 Amoricnn 
Falls, Idaho, for the benefit of many of these projects 
besides its own at Minidoka. The Bureau has nlso 
made studies looking to the eventunl irrigntion of mu~h 
of the potential area shown on the map. 

Another study considers o. plan for construction of 
extensive storage on Payette River, and a trnnsmoun
tain diversion from the Payette to tho Boise River 
Basin to care for much of the area now irrignted from 
Boise River. This would make possible the use of tho 
storage at Arrowrock Dam above Boise through 
another transrnountain diversion into tho Snake River 
Valley commanding the Mountain Home area. 

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 00, and a maximum of 2.7 feet 
for the lands irrigated directly from Snnke River, with 
lesser amounts for lands lying back from tho river that 
must be economical in use if they are to receive an 
irrigation supply. These figures are shown in tnble 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 Fulls area. Hoyt •• 
makes computations based on 1.7 feet for the consump
tive use on some 900,000 acres. 

Sources of Data: Idnho is fortunate in the prospect 
of soon having available the results of u. 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 tllis report 
was used as o.n 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 a 
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 drainage 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 area of the State is about 1,333,000 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 fir!it 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 gro. vity 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 a 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 17 offers 1. 7 5 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 72 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, Wabaunsee, 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 irrigated 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 
making. approximately 3,900,000 acres represent th~ 
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 91 (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 vards 
wide to 8 or 10 miles in width. These mou"ntain 
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 Valley, 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 
bay 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 und 
reported in various publications. Irrigation on the 
Milk River" is mostly in the eustern part of the Stute, 
but 11 few areas were irrigated on the Bluckfeot Indian 
Reservation on the upper forks of the :Milk. This 
stream heads in the region of heaVY snowfull in Glucier 
Park and flows across the internutionul line into 
Alberta, coming back into the United Stutes 130 or 140 
miles east of the point where it enters Cunuda. 

From Chinook to the State line there is pructically a 
continuous belt of irrigable land lying along the river. 
In addition, there are 6 or 8 potentiulureus which the 
War Department regards us very doubtful of final 
reclamation. The conclusions in its report " mention 
adjustments "whereby ut leust us much lund will be 
excluded us will be taken into the projects." In order 
to supplement the present supply of the Milk und per
mit irrigation during the Iutter part of the season, 
several reservoir possibilities are definitely located. 
The War Department emphazises the point that many 
areus along the Milk are in need of flood control to 
protect the present agriculturul 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 Missouri. That section contains 
numerous areas at present under irrigation, including 
the Valier project of 80,000 acres developed under the 
Carey Act. Large potential areus are also shown in 
the report of the War Department on this stream". 
A water supply sufficient for 350,000 acres is indicuted 
which would allow the development of arotmd 140,000 
acres in addition to irrigation alreudy existent. On 
the Teton River, between the Marius and the Missouri . ' extensive areas are already developed tributury to the 
town of Chouteuu. Some of these areus ure 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 Reclumu
tion project near Fort Shuw, with additionul ureas 
a!l'gregating 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 Missouri is formed by three 
major tributaries-the Jefferson, Madison, and Gallatin 
Rivers-which meet near Three Forks. The Jefferson 
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 Madison 
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 flO\v is esti
mated at 40 percent". After crossiil.g 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 but little irrigation on these streams, extensive 
areas are in prospect in Judith Basin and near Har
lowton und 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 comer 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 Luke. 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 
lund. 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. 
Belo\v 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 ut 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 ••-98• 

Duty of Water: The net irrigation requirements as 
set up by Fortier 100

• 
101 are indicated in table II. 

These figures are reasonably close to those accepted 
by the War Department in its studies of the various I 
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 potential 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 4 
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 102 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 



Available Land 

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 91 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 112• A 
glance at the map shows that N ebro.ska, like Idaho, is 

1 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 N a tiona! 
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 112 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, 
toto.Iing nearly 700,000 acres, is tributary to this rend1. 
The part of the State where the bulk of the present 
irrigation exists is in almost the same need for irrigntion 
as is typical of States farther west. The contra! 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 110

• Present irrigation is of almost insignificant 
extent, but the point has been made that the extent of 
possible reclamation 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 satisfy any 
need that may be developed. While tho Army 
report 119 suggests but 54,000 acres as potentinl projects 
on the Loup, the State survey 112 referred to above, 
suggests that 207,000 acres might be considered as 
potential on this stream. 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 on tstanding 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 much 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 o. return flow tho.t 
has made rights on the lower plains in Colorado and 
Nebraska somewhat more secure. In the State 
study 112 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 Sto.te line between Wyoming 
and Nebraska to the center of Sheridan County is a 
narrow and somewhat broken ribbon of irrigated lnnd 
lying immediately adjo.cent to the streo.m. There arc 
no potential areas offered for this stream. The report 
of the War Department 117 points out tho.t 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 tho east of McCook 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 N ebrnska "" 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 112 utilizes about the same or lesser figures for net 
duty for the same areas. 

Grazing: This State has sufficient rainfall so that 
forago 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, 1" 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 a 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 N ewlands 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 N ewlands 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 regulatio11 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. 

ln the extreme southern part of the St.ate investiga
tions are now under way to determine feasible areas 
upon which water may bo pumped directly from 
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Boulder Reservoir to utilize some of Nevada's share of 
the allotment to the Lower Basin States. (See p. 3.) 

Additional use would he 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. Estimates 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 figures 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 Iand-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 rainfall, 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. 

17 
New Mexico 

Irrigation Development: In 1930 the total area thnt 
could be served by existing works was 656,669 acres. 
Of this, 527,033 acres were irrigated in 1929 "'· The 
potential areas spotted on the map, plus I 0 percent 
of the underground districts definitely set nside for 
the purpose, plus 1 percent of the Playas Valley area 
mentioned below, aggregate some 434,000 acres for 
possible future development, making tho ultimat.e 
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 a 
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· tho great 
amount of silt carried by the main stream 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 tho 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 thh 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 nre insig
nificant 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. Tho 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 
rrservoir storage. 

Excepting the San Juan, potential areas are mapped 
mainly on the basis of possible developm~nt of under
ground supplies, as the surface supplies are known to be 
fully used now. Two potential areas have been located 
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 there 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 "9 

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 Tucumcari area the War Department 
engineers '" adopted 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 occur 
at scattered periods during the summer season. This 
precipitation makes summer grazing highly practical. 
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. Others 
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are willing to farm in much the same way as their white 
and Mexican neighbors. 

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 Eome 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 ouly 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 unnecessary in many 
seasons. However, -recent studies by the Corps of 
Engineers of the United States War Department 162 165 

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 hns 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, 
Knife, 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 "Lund Classification of 
the Northern Great Plains" 100 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 1and. 

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. However, about 10 years ago the United States 
Bureau of Reclamation reported a potential area of 
some 80,000 acres in Jackson, Kiowa, and Tillmon 
counties. About 20 years ago the United Sta.tes 
Geological Survey (181 ) reported that some 10,000 acres 
might be put under irrigation in the valley of the North 
Fork of the Canadian River near Oklahoma 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 ulurge blunket urea 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 
irrigation. 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 us economic condi
tions warrant the added expense. 

Duty of Water: As u net irrigation requirement For
tier 18' set up 1 foot in depth for the main portion of the 
State west of Oklahoma City, where irrigation would be 
considered us supplementing the natural precipitation. 
Further west, in the Punhundle, he suggests 1.25 feet, 
with the idea that irrigation will be less a supplementary 
and more nearly u primury supply. 

Grazing: Before Oklahoma was thrown open for 
settlement it was considered part of the great cattle 
range of the Southwest. Encroachment of farms und 
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 
acres irrigated from systems capable of watering 
1,158,210 acres 202• 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 Cascade Mountains divide Oregon into two 
distinct parts. The eastern slope is wholly dependent 
upon irrigation for crop 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 200 offered 
513,900 acres as a potential area for supplementary 
irrigation in this great valley; but Powers in his 
"Twenty-five Years of Supplemental Irrigation In
vestigations in Willamette Valley" 108 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 a 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 Snake, 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 207• 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 a time in deep canyons where direct diversion could 
be 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 sinrilar 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 area lies in the 
·Grande Ronde site on the river of the same name 
above the town of P~rry. At this site possibly 200,000 
acre-feet of water mrght be stored. 
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Duty of Water: The irrigation requirements pro
posed by Fortier, 210 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.227 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 231 235 and 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 canal 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 231 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 236 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 228 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 a very small portion 
of the total area of Texas is under irrigation, the areas 
affected are highly important to those parts of the 
State. Of the 1,177,415 acres that could be irrigated 
in 1930, 798,917 acres were actually irrigated in 1929.251 

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 land may be given over to 
irrigated agriculture in the future. Hence the total 
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 
southern 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 a 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 ns 
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 260 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 nnd 
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 262 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 potential 
areas, that of Lower Rio Grande, was set at 1. 7 5 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. It i~ 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 wnters. 

Grazing: The range lands of Texas have been known 
the country over since its earliest dnys. As in other 
range States, the building of fences, tl1e 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 stock 
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. New 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 sonui 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 262 show 
figures which probably 1·epresent the ultinlate effort.~ 
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 
onlv be made available through organization and 
fin~ncial assistance beyond the capacity of local 
interests. 

Crop agriculture in Utah is quite commonly con
sidered in terms of irrigated lands. Beginning in 1847, 
the Mormon settlements in the valleys east of Great 
Salt Lake 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, tro.nsmountain 
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 Pro\·o 
River, then stored in Deer Creek Reservoir on the 
river below Heber. As released from the reservoir, 
it will be diverted into a 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 Uto.ll 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 Colorado 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 ' 68• It is probable that more detailed 
surveys included in the present study of the Colorado 
River Basin by t!1e Bureau of Reclnrnation will result 
in the revision of the project areas, with possible addi
tions and rejections for various causes. When mode 
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 Water: Fortier 268 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, t.o 2.2 feet 
in the Provo and Salt Lake Valleys. 

Gra~ing: There 'is very little plains pasture in sum
mertinle. 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 sustennr1ce. 

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. 273 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 ultinlately irrigable 
area thus being about 2, 700,000 acres. 

Washington is divided by the Cascade Mountains 
into two distinct types of country. With excessive 
snowfall, this range is an excellent collecting ground for 
the water supply of mnr1y 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
gR!l 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 

23 

picture of ngricultuml developmPnt under present irri
gation east of the Cascnc!os. Tho potontinl arens lie 
in a few large blocks. 

West of the Cascndes irrigation has not been pmc
ticed to any great extent, although a few spots are 
indicated on the map as under irrigntion at tho present 
tinle and there are also a few small areas class~d 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 tlmt 
the people living west of the Cascades will wnteh with 
interest the irrigation developments in the Willnmetto 
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 irrigntion. 

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 nrc 
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 tho Kittitas project 
has recently been placed under cnnal by the Bureau of 
Reclamation. The Yakima Valley from above Nnches 
to the Columbia River is a wide and almost continuous 
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. Surrounding the present irrigated 
block on the Yakinla are potential areas aggregating 
some 170,000 acres. This groat valley is served by 
direct flow supplemented by numerous storage reser
voirs constructed, in the main, by the Bureau of Recla
mation. In the upper reaches of the streams along the 
Cascades 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 ropresentei 
by the Columbia Basin project, which was originally 
conceived to include 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 I ,200,000 
acres under pumping lift. This project incloses much 
of thegreatgrnin 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 Young 280 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 during 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. 

Wyomin!l 

Irrigation Det'elopment: In 1929 this State contl!ined 
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 312

• 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 as 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 bas 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 t.he center of the State 
the Riverton project includes an area 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 area shown in Gree~ River 
Basin is made up of many smaller projects which might 
be developed as units. The study of the United States 
Geological Survey 310 lists 520,000 acres of additional 
land as 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 area 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 
Hom Basin so as to permit service to its extensive 
areas of potential land. 

East of the Big Hom 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 tho 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 area is listed 
as potential in table II. 
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On Laramie Plains 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 sec
tion to come out on the plains surrounding tho 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 Water: Nearly all the irrigation waters of 
Wyoming are used under decreed rights, at a 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 298- 300 appear to conform to the State re
quirements very closely. For instance, those investiga
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 hen vy 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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TABLB H.-Present irrigation development and ultimate possibilities of irrigation development by StateB and stream basins 
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2.1 
2.3 
2.3 

'2.2 

3,058,900 

1.068. 700 
28.400 

290.000 
451,900 
221,800 
23,100 

713,900 
3.300 
2.600 

245,700 

9,500 

1,508,400 

822,600 
23, 100 
74,300 
23,700 

159,800 
53.600 

uo,ooo 
200 

241,100 

20.000 

20,000 

Rio Grande and tributaries.................... 1 213 600 

~:~~or:an&,v~~~~:::::::::::: ::::::: :::::: 1--... :::ao:-:'-,: goo"l::-6 -l--:--'3.:~:.:;.:~:;~:..!=:::.:::.::::.:::.::::::::::::::11--,=~~: ~=oo=-l-l::t:.:::_l_::·.:~::18:::, :r'ooooo:..\;_;_: __ ;_;_;_;_;_;_;_ :_- ;_;_;_;_;_;_;_;_;_ ;_ ;_:_-:_- ;_;_;_;_;_~_;_;_ ;_;_;_;_ ;_;_;_;_;_;_ ;_;_;_;_ ;_;_ ;_ ;_ ;_ ;_ 
La Jara River.............................. 9,180 10,640 -----~----·- 10,500 1.8 

651,142 674,196 ------------ 674,200 1.8 

1 U. 8. Btm)8u of the Census, Irrigation of Agricultural Lands. 
tIn round numbers. 
! t:f~b~: Department Bulletin 134.0 and Technical Bulletins 36, 185, 200, and 379 of the U. 8. Department of Agriculture. 

• Includes Sacramento-Sft.n Joaquin delta. 
• Includes reqnlrements lor salinity control. 
' Includes Imperial and Coacbo11a Valleys. 
I A VeJ'81t0. 
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TABLli: !I.-Present irrigation development and ultimate possibilities of irrigation development by States and stroarn basins-Continued 

Present developmeot 
Annunllrrlgatlon reo. 
qulromcnt, addition· 
u1 to natural preclpl· 

taUon 

Distribution of add tlonnllrrlgnhlo area accordln& to 
esUmntod costs of rocbmation 

State and stream basin 

Additional 
1----,----1 lrrlgable 

area (poten
Area enter- tial area) 
prises were 

Ultimate 1----,,----·1---....,.---,----.,.---~--lrrlgnble 

COLORADO-Continued 

Area irrl· 
gated in 

1929 
capable or 
Jrrignting 

1D 1030 

area 

Depth 
Total for 

ultimate ir
rlgable oren 

Rio Grande and tributarle~ContiDued. Aau Acru Acrt• Acrtl Ftd Acrt-fut 
Conejos River------------------------------ 80,918 99,808 ------------ 99,800 1.8 17U,600 
Trinchera River·-------------------------- 14,838 03,228 ------------ 03,200 1.8 113,&10 
Other trlbutarles-------------------------- 69, 921 77,071 ------------ 77,100 1. 8 138,800 

Lessthan ....... 
Dcnl 

Aatl 

Dctwoon 
$00 oud 
$100 per 

DClO 

Acru 

Dctwoon 
$JUO ond 
$200per 

Den> 

Actta 

Moro 
than $200 lndetar
por u.cro minute 

... acrtl 

San Juan River and tributaries.----- ______ •••• 1_....:.129-:-• 8'::1c:l-l--""':9'-. 1:'8-7 ·l--'lc:8,c2•c.:ooo-,..1_.....:s.::"::•.::SOO:.:..I-=I.c:9_1_.....:"'.:.9::·.::•oo:.:..l:·.::· ·::·.::··::·.:.··:.:·.I:·::·::··::·::··::·:..· ·:1 __ 1:::""':·::•::oo:.l:·:::·:· -:::·.:.· ·::·.:· ·:1 _ _:6::7::• •::oo: 
San Juan River direct---------------------- 2, 282 2,876 O,liOO 9,400 1. 9 17,900 
Los Pinos River·-------------------------- 42,881 67,832 00,.500 108,300 1. 9 205,700 Animas River ••• __________________________ 27,283 29,374 23,600 53,000 1. 9 100,700 
La .Plata River·--------------------------- 24,308 29,920 10,200 40,100 1. 9 76,200 
Mancos River·---------------------------- 13, 167 16,200 15,000 31,200 1. 9 69,300 
Other tributaries.__________________________ 19,890 22. 986 76, 800 99,800 1. 9 189, GOO 

Upper Colorado River and tributaries......... 622.714 786,00 421, liOO 1, 2fll,li00 1. 7 2,062, 800 
1------1-----1·-----1------1 

Upper Colorado River direcL.------------ 64,855 96,629 40,000 142.600 1. 7 242,400 
Fraser River ________________________ .. ----- 4, 164 4, 652 ------------ 4, 600 1. 7 7, 800 
Muddy Creek----------------------------- 6, 448 8, 509 ------------ 8, .500 1. 7 14, 500 
Blue River------------------------------ 10, 725 16, 675 ------------ 15,700 1. 7 26. 700 
EagleRlver________________________________ 12,500 13,523 ------------ 13,600 1.7 23,000 
Roaring Fork. __________________ .. --------- 36, 283 47,055 ------ ••. •• • 47, 100 1. 7 80, 100 
Plareau Creek---------------------------·· 64,833 68,486 10,000 78,500 1.1 133,400 
Gunnison River and tributaries____________ 2.58,872 322,837 83,000 405,800 1. 7 fl!W,\100 

Gunnison River direct----------------- 20,302 22.256 26,500 47,700 J. 7 81, 100 
Taylor River •• --------·--------------- 380 580 ------------ 600 1. 7 l,VOO 
Tomicbl Creek-_____________________ • 17,336 22, 407 -----------. 22.400 1. 7 38, 100 
North Fork.--------------------------- 38, 725 51, r¥17 -----------. 52,000 1. 7 88,400 
Smith Fork____________________________ 19,329 23,876 ---········· 23,000 1. 7 40,600 
Uncompagbre River................... 89,679 109,767 49,500 159,300 1. 7 270, UOO 
Other tributaries_______________________ 73,121 91,974 8,000 oo. uoo 1. 7 160, ~ 

Rio Dolores·------------------------------- 80,436 106,457 Zl7,500 344,000 1. 7 584,800 
Other tributaries ••••••••••••••.••••••••• ___ 83, 608 102, 219 45,000 147, 200 1. 7 260, 200 

Tributaries or Green Rlver _____________________ 
1
_....:.103:.::.,888:::_-l--'1:.:3:,:7•c:I.:.20:..I--:.::.333,MJO 470,600 1.35 635,300 

Yampa River and tributaries •••.•••• ------ 74,753 103,940 255,500 359,400 1. 36 48ti, 200 
Yampa River direct------------------- 22,138 28, 187 22,000 00,200 I. 35 67,~ 
Little Snake River_____________________ 7, 884 11, 003 100,000 Ill, 000 1. 35 140,IIDO 
Other tributaries----------------------- 44, 731 64, 700 133,500 198, 200 1. 35 267,000 

White River------------------------------- 27,773 31,648 48.,000 79,700 1. 35 107,600 
Other tributaries.----------------------.... 1, 362 1, 532 30,000 31, 500 1. 35 42,500 

•••••••••••••••••••• --········-- •••••••••• 6,&00 
---------- ---------- 26,500 ---------- 24,000 
---------- ---------- 23,(!0() ---------- -----···-· 
---------- ---------- 10,200 ---------- ·----···-· 

:::::::::: :::::::::: ·---·M;ooo· :::::::::: :~::: 
37,500 --·-···----- --·-·-··-· 

12,600 --·--------- -----·---- 33.600 

:::::::::: :::::::::: :::::::::::: :::::::::: ····io:ooo 
-·--··-·-· ··---····· ·-------··-- ---·-····· H'J,OUO 
--------·· ------···· ·----------- -------·-· 2b,ti00 

:::::::::: :::::::::: -----~;ooo· :::::::::: 

---------· ---------· 00,000 -----1-----1-
91,500 
10,000 
60.000 
31,li00 
4,600 

49,500 •.ooo 
212,500 
46, ouo 

237,500 

164,000 
12,000 
60.000 

10'.!, (XM) 
4:1,500 
ao.ooo 

North Platte River and tributaries •••••• _ ••• _-- __ 1_24.;.,_91_6+--16_1;_• 650-+··-·-··-·-··-·-· ._._
1 
__ 1_61.;.• _600_

1 
__ .. _•_1 __ ..:333=:•..:300:.:.. F·::·:.:· ·..:·::· ·:::·::· ·:1.·::·::· :.:· ·::· ::· ·:::·:·1 f:.··::·::· ·:::·::·::· ·::·:::· -~~·::·.:· ·::·::· :::··::·:·11.:.· ·::·..:.· ·::-.:· :.:· ·::· 

North Platte River direct.---·-----------·· 7,470 7,870 ------------ 7,800 2. 2 17,200 
Laramie River_____________________________ ll,075 11,075 ------------ 11,100 2.2 24,400 
Other tributaries. •••••••••••••.••• --------. 106,370 132, 605 ------------ 132, ooo 2. 2 291,700 

Independent streBIDS-------------- --- -----.-. -l--=7.::•·::24=9+_..:so.::·:: ... :.:..F·::· ·::· ·:.:·:..· ·:.:·.:.· -::·l--=86.:.·..:ooo.:.:...II-=L..:8_1·--I:.:M.::·..:soo:.:..F· ·:.:·::· ·:.:·.:.··::·:·1 :::· ·..:-:.:-·::· ·::·:· ·~r·::·:· ·:::·::· ·::· ·:::·.:.· ·:r·::·.:.· ·:::·::· ·:::··:::·.1:·.:.· ·::·.:.· ·:::·:::· ·:· 
Saguacbe River____________________________ 20,221 25,501 ------------ 25,500 1.8 45,900 
San Luis River·--------------------------- 37,591 42, 008 ------------ 42, 100 L 8 75,!;00 
Otber tributaries ••••••••••• ----.---- . --.- --~ _ _:I.::S...:43::7+-..:1..:8•..:4.:.37+.::· ·::-·:.:·:..··:.:·:··::·l-,....:.18.:.::.:400.:.;_11-=1 • .:.8_1·-.....:33.::·.:;100:.:..1:· :.:· ·:..· ·:.:·.:.··::·:·1 :::· ·:::·:.:· ·::· ·::·.:.· ·~r·:::·:· ·:::·::· ·::· ·:::·.:.··: r·::·:· ·:::·::· ·::· ·:::·.j:·.:· ·::·:··:·::-·:::· 

Total for State------------- __ ••••. ___ • _ •• ~·;,· 3;;93;;•;;•;;10=1=;;•;,• 078.;;;;;;7;;12;,l==9;;5;;7 •;;600,;;.F6;,• OOS.;;;;;;300,;;.I;;;;;;;;;; l=.,;;:9·,;;•;;16;;;· OOO;;;;;,j;;;;;;;;;;;;;;l,.,.;l;;2.,;;600;;:;,l=="'~o.,;;300;;:;,j;;;;;;;:;;;;; I=.,;;:OOS;;;,;• 800~ 
IDAHO 

Bear River and tributaries ••••••••.••••••.••.•• 

Bear River direct ••••••• ------------------· 
Thomas Fork ••••••••••••• ------ •••• ----.-· 
Mill Creek.. ••••• --------···------.---------
Little Malad Creek •••••••••••••••••••••••. 
Other trlbutarie.'l •••••••• __ •• -- -- •••• -.-.- --

161,304 

61,647 
3,168 

16,604 
8.858 

71,247 

ISO. 716 

76.060 
3,246 

17,126 
10,602 
74,776 

20.000 
20.000 

200.700 

115.000 3.300 
17,100 
10,600 
74,800 

Tributaries of Columbia River----------------- 1,937,872 2, 271,846 1,118,600 3,300,300 

Snake River and trlbutarles •••••••• ------
Snake River direct---------------------
Henrys Fork--------------------------
South Fork of Snake Rinr -----------
Blackfoot River •• __ ------------------
Port Neuf River •• ---------------------
Rart River ••••••• ---------------------· 
Goose Creek •. _------- •.••• ------------
Salmon Falls River •• -----------------
Little Wood Rlver.-------------------
Big Wood.Rlver ••• --------------------
Bruneau River_ ••• --------------------

~:Jeh~i:~~~::::::::::::::::::::::::: 
Payette River •• ----------------------
Welser River •• -----------------------
Salmon River---------.----------------
Clearwater River---------------------
Other tributaries ••••••• ----------------

Other tributaries or Columbla.-------------

•V-ble. 

1, 029,886 
687,316 
174,960 
161,988 
45. 157 
41,774 
8,936 

18,126 
28,847 
19,848 
83,301 
18,042 
8. 2.10 

318,400 
122.468 
33,422 
93,818 
4.898 

00,242 
7,896 

2, 259,240 
804,047 
190,373 
181,0.14 
78,943 
48,718 
18,116 
24,191 
36,977 
21,002 

117,649 
21,651 
8.878 

329,322 
139,496 
40,939 

110,064 
li,IM 

75,288 
12.606 

1,01!17,800 
I.I'J8,500 

------fi~O(jj 

70.000 

-·--·-a;ooo· 
~-----i~ii00-

30,700 

3,347,000 
1, 742,000 

106,400 
181,600 
118,000 
78,700 
18, 100 
24,200 37,000 
21,000 

117,500 
21,700 
13.900 

399,300 
139,500 
41,000 

113,100 
5,100 

76,600 
43.300 

2.0 
2.0 2.0 
2.0 
2.0 
2.0 
(I) 

(I) 
2.7 
I. 7 
1.7 
I. 7 
I. 7 
I. 9 
1.9 
1.9 
I. 9 
L9 1.9 
1.9 
2.7 2.7 
2.7 
2.7 
2.7 
2.7 
2.0 

401,400 

1110,000 
0.600 

34,200 
21,000 

149,000 

20.000 
20,000 

--·-··---- ------------ ---------- -------··-

8,374,700 ---------- 407,500 525,000 71,700 11<1,300 

8, 267,300 
4, 704,800 

333.000 
308,700 
202.100 
133,800 ...... 
46,000 70,300 
-41,000 

223.200 
41,200 
26,400 

1,078,100 
376,600 
no, 100 
305,400 
13,800 

206.800 
116,900 

--------·- -------r-· -----------· ---------- ··-·,t;,:ooa 
:::::::::: ---~;ooo· :::::::::::: :::::::::: 6,ooo 

:::::::::: ----&:em- :::::::::::: :::::::::: :::::::::: 
---------- 70,000 ------------ ---------· ··-·------

:::::::::: :::::::::: :::::::::::: :::::::::: -----a~ooo 
:::::::::: :::::::::: :::::::::::: :::::::::: ·----i;aoo 
-------·-- ---------- 16,000 15,700----------



28 Land Planning Report 

TABLE H.-Present irrigation develapment and ultimate possimlities of irrigation develapment by States and stream basim--Continued 

State and stream basin 

IDAHO-Continued. 

Present development 

1 ----.,----I Additional t· irrigable 

Area irri
gated In 

1929 

A crt• 
82,074 

20,0ll9 
806 

3,983 ..... 
40,0i8 
12,154 

2, 181,250 

area (paten
Area enter- tial area) 
prlses were 
capable of 
Irrigating 
ln 1930 

Acre• Atrta 
IM-,459 ------------
68,185 ------------

1,536 ------------5,187 ------------5,684 ------------79,986 ------------13,881 ------------
2,617,021 1, 138,500 

Ultimate 
irrlgable 

area 

Acre• 
164,500 

58,200 
1,""' 
5,200 
5,700 

80,000 
13,900 

3, 755,500 

Annual irrigation re
quirement, addition
al to natural precipi-

tation 

Depth 

F•el 
(') 

2.7 
2.7 
2.7 
2.7 
2.7 .... 

= 

1.25 

1.25 

Total Cor 
ultimate ir
rigabie area 

Acrt·fta 
441,300 

157, 100 
4,000 

14,000 
15,400 

216,000 
34,800 

9,217,400 

16,400 

5,200 

Distribution of addltlonallrrlgable area according to 
estimated <:osts or reclamation 

Less than 
$50 per 

aero 

Acru 
----------
------------------------------------------------------------

20,000 

Between 
$50 and 
6100 per 

aero 

Acru 
----------
------------------------------------------------------------

407,500 

6,000 42,200 

Between 
$100 and 
$200 per 

acre 

Acru 
------------
------------------------------------------------------------------------

625,000 

More 
than$200 
per acre 

Acru ----------
------------------------------------------------------------

71,700 

Indeter
minate 

Acru 
----------
--------------------·---------------------------------------

114,300 

------------ 16,000 560,300 
7,800 ---------- ----------.. 700 ... --.--.. , ____ .. __ _ 

:::::::::: :::::::::: ----··s;ioo- :::::::::: :::::::::: 
---------- ---------- ------------ ---------- 8,000 
:::::::::: ::::::::::-------·goo·:::::::::: ----~3~000 
.. _ .. _____ .... ---·-· ·-·--·-"•" .. --.. ·--- 00.700 

--·as;ooo· :::::::::: :::::::::::: ··312;ooo· :::::::::: 
---------- 41,000 7, 000 ---------- ----------
---------- ---------- 28,300 21,600 ----------

20,000 ........ -- ---.. ··--·-· ------·--· 16,000 ---------- ---------- ------------ ---------- ----------
---20;0til :::::::::: :::::::::::: :::::::::: ----iii;OOO 

35, 500 53, 700 50, 000 50,100 32, 200 
35,500 16.200 ------------ ---------- 20,200 

---------- ----g~soo· :::::::::::: :::::::::: :::::::::: 
---------- --·is:ioo- --·-·oo:ooo· :::::::::: :::::::::: 
---------- ---------- ------------ 50, 100 12, 000 

.......... "'i2;600' :::::::::::: :::::::::: :::::::::: 

----7:soo· :::::::::: :::::::::::: :::::::::: ---··a;600 

---------- ---------- ------------ ---------- ----------
---------- ---------- ------------ ---------- ---------· 
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TABLB H.-Present irrigation development and ultimate possibilities of irrigation development by Stales and atream basin.o-Continued 

Present development 
Annuallrrlgatlon re
Quirement, addition· 
al to ootural preclpl· 

tattoo 

Distribution or addltlonallrrlpble area aocordlna to 
esU.matod costs or reolumaUon 

State and stream ltasi.D 

Additional 
1---,...----1 lrrlgab1o 

area (poten· 
Area enter- tial area) 
priseswere 

mttmate '---;----l----,-----,,----,---...,---lrrlgab1o ,-

NEBRASKA-Continued. 

Area lrrl· 
gated 1n 

1929 
capable of 
irrigating 
In 1930 

area 
Total for 

Depth ultimate fr.. 
rlgable area 

Less than Between 
S50 per $50 and 

aero $100 per 
acre 

Between 
SIOO and 
...... por 

acre 

More than 1200 In doter
per acre mlnato 

.Aeru Atrtl A.crtl Acru Fttl Acrt·/ttl Acru .Acru Acrt• Acru .Acttl 

Platte Rl ver and tributaries. __ -------- ___ •• __ •
1 
__ •..,oe,.:',.:86-:c7:-l--6.16,,-:-:"ooe-::c l--::999::'-:, 600-:-:c·l--'1,-:656::'-:, 600:::-·l--~--...,-"" l-~2,:.:111,.:0,::..:.000::...1_ .. :::_• soo:CC:..I-=1""::::..:• 300:.C..I:C":~· :.:";c":.:·;c":_:·:·l :-::IO.::.""'=-I-...:8::1.:'·~""'= 

PlatteRlverdirect........................ 71,290 140,456 782.300 922.800 1.25 1,153,600 116,200 ------------ -------··- 007,100 
North Platte River and tributaries.~------ 373,692 450,970 -·-----····· 451,000 1. 26 663,800 

North Platte River direct.____________ 352, fBO 421,121 ---------·-- 421, 100 1. 25 626,400 
Other tributaries •••••••••.••• ---------- 21, 212 29,849 ····-------- 29,900 1. 25 37,400 

South Platte River and tributaries......... 26, 841 32,813 16, 200 49, 000 1. 25 61, 200 
South Platte River direct-~---·····---- 13,976 15,746 16,200 31,900 1. 25 39,800 
Lodgepole Creek...................... 11,830 15,f86 -·---------- 15,600 1.25 19,400 
Other tributaries...................... 1, 006 1, 682 --------···· 1,600 1. 25 2, 000 

Loop River................................ 291 672 3'll, 000 201, 700 1. 25 252, 100 
Other tributaries of Platte River........... 24,753 32,055 •••••••••••• 32,000 1. 25 .0. 000 

:::::::::: :::::::::::::::::::::. -·-io;-200· :::::::::: 
.......... .......... ............ 10,200 ......... . 

···•.t;soo· --·io;iix,- :::::::::::: :::::::::: ---i4G;ioo 

Kansas River and trlbutarles ••••.•••.•.•••••.• 
1
_--:2-:-1,:.:3.,.40:-l·--:"":::':..,9,.,62:-l·--:'::0."1:c00-:-I·--96,-:-'-000::::-II-=1 • .::2S::_I·--1-'20,~000:c':I--G:::,.:.700_..,_ 11= .. :.:·:c··:::·:.:":::"+-=63:::,:c~OO::...I:C":::'::"::":.:·.:. .. :I.·:.:·.:: .. ::·:: .. :::·::" 

Republican River......................... 19,623 23,541 70.100 93,600 1. 25 117,000 6, 700 ---------- 63,400 ---------- -----·-··· Othertributaries........................... 1,817 2,411 -·-········· 2,400 1.25 3,000 

Other tributaries or Missouri Rlver •.••.••••••• 
1 
___ 2.,.:23_~-~--''.::422-·~·-"_'_"_._ .. _._ ... 

1 
___ a_, ~_oo_f_l_. ""-1---~-'-' ""'-+"-"-·_ .. _._ .. _

1
_._:·_··_ .. _._ .. _.

1
_._ .. _._ .. _._ .. _ .. _-,

1
.-_ .. _·;c":::';c":::'l:·;c":::'_:";c":.:·:· 

Total ror State........................... 532, 617 703, 641 1, 069, 600 1, m, 200 I=,;;1·,:"";;,I,~2,;;,2;;1;:G,:,;400;;;;,I=;;';;I·;;600;;;,II..;1;;;"";· 300;;;;;;•I==;;63;;, ,;;~oo;;;,l=l;;"-;;;""';;;;;;,l=,;8;;1';:·,:""';;: 
NEVADA 

Goose Creek. .• -------------------------------- 980 2. 0 

Owyhee River-------·------------------------- 33,839 35,005 20.000 65,000 2.0 

2,000 

110,000 

Bruneau River~~---------·····---------------- 3,119 3,279 ------------ 3,300 2.0 8,600 

Salmon Falls River-------·-------------------- 9, 719 12,307 ------------ 12,300 2.0 24,600 

20,000 ......................................... . 

Humboldt River and trlbutarles ....•••..••.••. 
1 
_ _,.:138,c::..4_26+_28_:7,:..,60_1_

1 
___ a,:..,ooo_

1 
__ m.~•-oo_ 1 __ •.:·_o_

1 
__ _:•.::9=1,.:.000_

11
_ .. ..:·_ .. _._ .. .::"cl..:".::"_._ .. _._ .. +·-·_ .. _._ .. _ .. ..:·_ .. _

1
._._ .. :.:·:c .. :::·:.: ... 

1 
_ _,.:S.::.:::OOO:.: 

Humboldt River direct.................... 21, 731 120, 367 -----------· 120,400 2. 0 240,800 
East Fork Humboldt River................ 380 380 ------------ 400 2.0 BOO 
Lamoille Creek.--------------------------- 16,557 17,651 ------------ 17,600 2.0 36,200 
North Fork Humboldt River.............. 9, 090 7, 682 ---------·-- 7, 700 2. 0 15,400 
South Fork Humboldt River.............. 33,795 37,442 ------------ 37,400 2.0 74,800 
Pine Creek ••• ----------------------------_ 2, 703 4, 359 ------------ 4, 400 2. o s. BOO 
Reese River............................... 2,952 3,324 ------------ 3,300 2.0 6,600 
Little Humboldt River--·----------------- 3, 785 31,370 ----··a·ooo··-- 31, 400 2. 0 62,800 
Othertrlbutarles.......................... 41,433 64,926 uo 72,900 2.0 146,800 :::::::::: :::::::::: :::::::::::: :::::::::: -····s~ooo 

Truckee River and tributaries •• -------- ••• ___ .
1 
_ __:3::9,~0.:28:.l--"•::•·:.:•::24:.l---'38,=.:000:.c..l--"7:.:1•:.:400:.c..I_,.:2::·.:1_1 __ ,.:1:.:49:::•.::900:.:_II:":.:'::"~-:: .. ::: .. +-20=-, OOO=-+·:::·:c .. :::··::·.:: .. :.:·:c .. +·:.:·::"::·::"::"::'.l-__:8::_, 000= 

Truckee River direct...................... 30,417 34,625 20,000 54,600 2.1 114,700 •••••••••• 20,000 .••••••.•••.•.•••••••...••.••... 
Steamboat Creek .• ------------------------ 3,214 3,230 8,000 11,200 2.1 23.500 -···------ ------···· ---···--···· •••••••••• &000 
Othertributaries.......................... 5,397 6,569 ----·------- 6.600 2.1 11,700 

Carson River and tributaries ••..••. ----------- 72,872 121,784 39,000 160,500 _2.:::..1_
1 
__ _:33:::.::7•.::000...,-ll-=17::.,400=-l--•:.:l:..,ooo=-+·-·.:. .. .::·:.: .. .:.":.:·= .. +·:.:·.:."~·:.:"::":.:·.j:·.::":.:'::":.:':c":::' 

Carson River direct........................ 16,062 30,220 39,000 69,000 2.1 144,900 17,400 21,600 --·-----···· •••••••••••••••••••• 
West Fork Carson River................... 2. liSt: 2, D84 ----------·- a.ooo 2.1 6, 300 
East Fork Carson River------------------- 3, 205 4,133 ----------·- 4,100 2.1 S. 600 
Other tributaries........................... 50, 621 84,447 .• ------·-·- 84,400 2. 1 177, 200 

Walker River and tributaries ••.••.••••••••••• 
1 
_ __:7.:'·::869::_

1 
_ _,.:78..::_:30::'+_1:::30::·:.:700.:::_l--200=,:.:ooo.:.:_ll-="·:.:o_

1 
___ •:.:18::·:.:000.:::..l:·:: .. ::: .. :.:·:c .. :.:·:·ll...::1:cl9::, 700:CC..F":C"C.:':C":::·:.:··.:: .. +"-""-''~"::'::":I-....:1::1,.::000:: 

WalkerRlverdireet....................... 72,057 74,000 119,700 1113,700 2.0 387,400 ---------- 119,700 ----------·· --··-····· •••••••.•• 
Trlhutaries •••• ---------------------------- 3,812 4,306 11,000 Ui,300 2.0 30,000 -------··· ---------- --·--------- -·-······· 11,000 

Colorado River and trlbutarles ••..•••••••••••• 
1 
_ _,.:12.=.:308:c':l--1"4."84-:c9+--'4,,.:600_

1 
__ 1_9,'-:4::00:-l·--:1-:. 7:-+--=33,::.000=+-"ooo::=+·~·::··::: .. :.:·:c .. :.:·F·= .. :.:·:: .. :::·:.:":::":.:·F·.:: .. :.:·:: .. :::·::":::·I-__:•::·OOO= 

Colorado River direct .•••••• --------------- 240 415 ----------·· 400 1. 7 700 • • •••••••••• Virgin River_______________________________ 2.010 2,280 4,600 6.000 1.1 11,100 ······ooo· :::::::.:: .::::: .......... :::::: ···-·.t;ooo 
Other tributaries.......................... 9,908 12,164 ----------·· 12,100 1.7 20,600 ---------- -------··- •••••.•••••. -··------· -·-···-··· 

ndependent streams·------------------------- 100,688 138,815 36, 400 175. 200 _,.:2.::=0+--=':::60:::•.::400::...II--•:.:oo::...l:.:";c":::·:c .. .::·_ .. +·.::·:_ .. _ .. _._ .. _._ .. +·-·_ .. _:":.:·:c":::·l--""=-· 000= 

Quinn River·------------------------------ 8,518 10,927 8,000 18,900 2..0 37,800 --·······- ------··-· ------------ --------·- 8,000 
~~e~R,~~i.;:::::::::::::::::::::::::: s;:~t~ ~::~ ·----28;400- 1J::_: i:g ~;~ ······4;.:.- :::::::::: :::::::::::: :::::::::: ····zs;ooo 

Ground-water area ••••••• ------.------------- --~: .. ::·:: .. ::·:: .. .:: .. ::·:·ll: .. ::·;c":::·:: .. ::: .. :.:·:·ll--".::60c::'.::OOO,::_II--:'-:"::60-c,-:OOO:::-'I-=1 . ..:5_1---=90::., ::OOO::_I:: .. ::··:.:·.:: .. :.:·:: .. :r·::·:: .. :::··::·:: .. ::· j:'.:: .. ::·:: .. ::·:: .. :: .. :.:·l:·.:: .. ::·::··::·::· ·::·1 _ _:60:::,:, 000= 

Total for State •• -----·--------.--- -•• - -··1=,;<~86.:::,;:618~11=,.:7:;;38,;:,;:24;;9+~3;;26.;;;,;700;;;,11..;1;,;• 065;;;;:•,;;000;;;;,,1;;;,;;;;; 1•.,;;2.:,;1,;;12.;:,;;600;;;,1~38;:;;,, <;;00;;,1,,.;;18;;1•;;300;;;;, F.,;; .. ;;·;; .. ;;·;; .. ;;";;·,F·;;";;·;; .. ;;·;; .. ;;·I=.;IZ7;;;;, 000;;;; 

NEW MEXICO 

Canadian Rl ver and tributaries. ••••• -------- •• 
1 
_ __:88::·~68::':.l·-=108,::::..:297:.c..l--"'::'-:' 000-:'C l---:17::3'-:• 300:=-l--:1'-:· ":-1--_:'m:::::_, ::300::..1::· ·:::"_:'~"_:'::"+'~·::":::·::":C":.:'.j:':C":.:';c":::':.:".::":.:'l--'8.:5·~000::_1:':.:"::"_:'~"::':' 

Canadian River direct •••• -------··---·---- 1,360 1,440 65,000 :1:~~ ~-= ~:~ ··-------- ------··- 4 

··-···-----· 65,000 •••••••••• 
~::m~~\r~:..er --------------------------- 1t ~~ ~:· ~ :::::::::::: 1s. 100 1: e 26, 100 :::::::::: :::::::::: :::::::::::: :::::::::: :::::::::: 
0 ----------------------------- 1 102 S:soo ------------ 6.800 Le v,aoo oato Creek............................... • 
n 1 percent of 6,000,000 acres or water-bearln& land in closed valley. 
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TABLE H.-Present irrigation development and ultimate possibilities of irrigation development by States and stream basin-Continued 

Present development 
Annual irrigation rea 
quirement, addition
al to natural precipi-

tation 

Distribution of additional lrrlgable area according to 
. estimated costs or reclamation 

State and stream bBSio 

Additional 
1----,.-----1 irrigable 

area (poten· 
Area enter- tial area) 
prises were 

Ultimate •--,----1---:----,---,.-----,-lrrlgable I 

Area irri
gated In 

1029 
"""' Total for Less than Between 

ultimate ir· $60 per $liO and 
Between 
$100 and 
$200 per 

More 
tban$200 
per acra 

Indeter
minate capable or 

irrigating rigable area acre $IOO~per 
acra acre 

Depth 

In 1930 

NEW MEXICO-continued 

Canadian River and trlbutarles-Cont.d. Auea Acrea Acru Acru Fut 
Mora River •••.•• ------- ••••• _ •••.• _. ____ •• 34, 956 43,056 ____ ------.. 43, 100 I. 6 
Ute Creek .••. ·---------------------------- 250 3SO ------------ 300 1.6 
Othertributaries.......................... 0.416 10,270 ------------ 10.300 1.6 

Cimarron River·--····------------------------ 2,670 4,464 ------------ 4,500 1.6 

Trinchera River·------------------------------ 381 381 ------------ 400 1.6 

Acre-fed 
69,000 

500 
1~500 

000 

A<ru A<ru Acrta A<ru Acrta 

Rio Grande River and tributaries .•••••••••.••. 
1 
__ aso_. <_«_

1 
__ <_50_. •_•_•+_1_8_1._ooo __ 

1 
__ 63_1._<_oo_

1 
__ <,•>...,.._

1 
__ 1,.,5_22,.·.,800.,..

1
_-_-_--_-_--_-_--_

1 
__ 1_5l.;.•_ooo_

1 
__ 1_o.c. ooo_-1-. -_-_-_--_-_--_-

1 
__ 20..;•_000_ 

RioGrandedirect......................... 136.114 158.4ml 115,000 273,500 2.6 711,100 ---------- 115,000 
Uio Costilla_______________________________ 4,003 7,606 ------------ 7,000 1.6 12,200 
Pueblo River •••••• ---------------- .• __ .... 15, l:l56 16. 730 .••• -------- 16. 700 1. 6 26, 700 
RioChama................................ 25,950 30,450 ------------ 30,400 1.6 48,000 
Rio Santa Cruz............................ N,405 10,094 -----------· 10,100 1.6 16.200 
Tesuque Creek ••••. ----------------------- 3,588 4,873 ---------··· 4,900 2.0 9,800 
Rio Puerco................................ 15,202 22,245 10,000 32,200 2.6 83,700 
Pecos River and tributaries................ 129, 121 151,588 56,000 207,600 2.4 4118.300 

Pecos River direct •...••••••... -------- 46,508 56.271 46.000 102.300 2.4 245,500 
Oallinas River.·----------------------- 4,078 4,177 10,000 14,200 2.4 34,100 
Hondo River.......................... 25,010 27,201 ------------ 27,200 2.4 65,300 

:::::::::: ···ao~ooo- ----·io~fiXi- :::::::::: ~g:~ 
---------- 36,000 10,000 ---------- -~--------
---------- ---------- ------------ ---------- 10,000 

PenllSCO River......................... 6,833 7,003 -----------· 8,000 2.4 19,200 
Othertributsrles...................... 47,6Y2 55,946 ------------ 55.900 2.4 134.200 

OtbertrlbutarlesoCRioGrandtL........... 42,205 48,380 -------·--·· 48.400 2.4 110.200 

' Tributaries or Colorado River ••••......•.•.. -- 1 __ .. _,•':3::10:-l---7:::1.:_4:::95::-l---68,~200:::-·l--13::9;_• 700::::-l-:-::+--""'--::-::900::::-ll--1-'-. _100_1_2:.1:.• 500:..:.:._1 __ :..•:.• :_ooo::_1c::-·:::·c::··:::-·c::·.:.··:l _ __:<::3•:::800= 
Gila River and tributaries................. 9,373 10,442 22,500 32,000 1.7 65,900 ---------- 16,000 2,000 

Gila River direct...................... 7,824 S.539 18.01.10 26.500 1.7 45.000 16,000 2,000 
SanFranclscoRivcr............... ... 1,442 1,611 4,500 6,100 L7 10.400 

4.500 

OtbertrlbutarJes...................... 101 m ------------ 300 1.7 600 
San Juan River ond tributaries............ 40.253 51,703 45,700 97,500 2. 2 214,500 

SanJuan River direct................. u,m 16,075 38,900 M,OOO 2.2 118,800 
Los Pinos River....................... 160 160 ------------ 200 2.2 400 

---------- ---------- ------------ ---------- 4,500 

----i;ioo· --··s;soo· :::::::::::: :::::::::: ----aD;ioo 
500 ~500 ------------ ---------- 32.800 

Animas River......................... 24,425 27,325 6,300 33,600 2.2 73,900 
Lo Plata River···-------------------·· 4, 2'l2 5, 4G8 ··------~; .. ·; 6, 500 2. 2 12, 100 
Otbortributaries...................... 1,674 3,675 uuu 4,:l00 2.2 U,200 

----·----- ---------- ------------ ---------- (1, 300 
-----·soo· :::::::::: :::::::::::: :::::::::: :::::::::: 

Tributaries or Little Colorado River___________ 5,684 9,350 ............ 9,300 2.2 20,500 

Independent streams.·- ---------- ---- --- ----- '1 _ __:1:=:•·:.,'::: .. _1·--'2"1'-. ""'-:-:-1--.. ::.:..· ooo:..:.:.·I--5"6.::,000::_1--:;:-;-I·--I-0::-1.-:100;:-II-· -_-_--_-_--_-_-1 _· -_-_--_--_-_. --~---_-._._--_-_--_--+-.: -_--_-_. -_·_---1---=3::'·..:000:::: 
Fresnal River.............................. .1,835 1,870 ------------ 1,800 2.4 4,300 
RloTularoso.............................. 2,500 2,600 ............ 2,500 2.4 6,000 
Rio Mimbres.............................. 9, 042 10. 2-10 II 35.000 46, 200 I. 7 76.800 
Otberlndependentstreams................ t\186 U.U?O -·---------- 7,000 (t) 14,000 

---------- ---------- ------------ ----------------···- ---------- ----------·- __________ ··-·a5;ooo 
---------- ---------- ------------ ---------- ----------

Playas Valley-··---··-----------·· •••..••. __ ....... -------- ------------ 11 2, 000 2,000 1. 7 3,400 2, 000 

Lea County._·---- ........ ----------- .... ----_ ------------ ------------ u 79,000 79,000 2. 4 189, 600 79,000 ---------- ------------ ---------- --------·-
Torrance County ................... _ ..... __ •.. :-·------·--------.,---1--------------·_-_·--:--'-' 4._ooo_

1 
___ •.c• ooo __ 

1 
2. 6 10,400 4, 000 

Total tor State .• _ •• _._ •• _ . _ ...... __ • _ ••• -I==';;"';;;·;;033;;,I==0;;50,;;;,;669;;,I=,;;'34;;•;;200;;;;,,I=I;;•;;ooo;;;;• ""';;;,I;;;;;;;;I,~"-;';;0;;3.;;300;;,I=;;50,;;;IOO;;;,II~1;;72.;;;;'oo;;,I=~12.;;;;000;;,I==o:6:;5~. ooo~,l===os:;·:ooo:;: 
OKLAHOMA 

Tributaries or Arkansas River................. 954 6,974 40.000 46,000 (') 
1-----1----~1-----~1---~-1· 

Canadian River-···----··----------------- 319 556 40,000 40,600 1. 25 
Cimarron River........................... 293 5,076 ---··------- 5,100 1.00 
Other tributarios.......................... 342 3!2 ------------ 300 1.00 

511,100 
60,700 
5,100 

300 

40,000 

40,000 ---------- ---------- ------------ ---------- -------------------- ---------- ------------ ---------- ----------
Red River ond tributaries .• _. _ ~-- .... _. _ .•. ---I---,-0"1::9·I----:1.:.,3..:5,.7 ·l----,.:.so::•.:.ooo.:..:..l--,""1.:• 400...:.:-I--;:I.~OO-I--::S;1·-;:•oo:;:-l-:"-;:o·~ooo=-+·::·.::··::·.:· ·::·.:·:·I.::··::·.:· ·::·.:··::·::·.::··+·::·.:··::·::·::··::·:·II:··::·::·::· ·::·c::· ·::

Total c: ~:~~-~ ~~ ~-;~. _ .. . . . _ . ---I==,.;1·=5=73=I"=~7-=33=1=I,==120==000==·I==l:rl==· •;;oo;..,i===(')==•i==13==7·;;500;;,I=;;BO.;;;OOO;;;,I;-·;;;·;· ·;;-;;··;;-·;I;;··;;··;;;·;;-·;;;·;;-·;;;·;·I;.;··;;;·;.;·-;;-·;;·;;· -;l=~•;;:o•:;:ooo;::; 

Mts.wuriRiverandtrlbutaries........... 7,293 21,007 188,000 209,000 1.35 '283,400 86,000 10,000 31,300 ------···· 80,700 

Red Rl ver and tributaries .• _ ............... -•• 1 __ 
7
2.':099-::::-l---,"-'-099-::::-l----·_.:·_------._._-··l--'::i;_• 1::00::-I---;-L-;;3:;-5 _

1 
__ 1:..:3;;7•-;:800:;:-F·c::· ·.:.··::·.:.··:::·:·I.::··::·::··::-·::·:::· ·:I·::·.::··::·.:.··::·::··:::·.=!".·:::··::·:::-·::·.::· ·: 1_:..1:::00:::·~00::0 SourlsRiverandtrlbutarJes............... 1,453 1,453------------ 1,500 1.35 2,000 

Other &ributaries •••• --- ......... ---- ... ---l---:-"':.:.:6-l---::-:-'"':.:..:.6_1 _ __:1:::00::•.:.000.:..:..l--=100:.::.• .:.600::..I I. 36 135,800 ------- ___ ---------- ------------ ---------- 100, ooo 
Total cor State----·_ ...... _ •• __ ••••. _... . 9, 392 24, 006 288, ooo 312. ooo 1--;-1.-;3;5 ·l--,;;2-;;1.-;;200;;;;-l-:.~;-;;:000;;:'1=;:1o.;=-ooo;:::F=C:31:::. 3:,:00:::1" __ ::: __ ::_.:. __ ::_.:: __ :1_..:1:::60

::_.:7::00 

--·------- ---------- ------------ ---------- ----------

t Variable. 
n lrrigahle from ground water, estimated as 10 percen& of nrns in which supply Is available. 
u lrrigable from ground water, estimated as I perceDt of valley areo. 
It Estimated as 1 percent of area In which grouqd water may be available. 
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TABLE II.-Pre8enl irrigation development and uUimate possibilities of irrigation d.,elopmenl by States and stream basins-Contlnuod 

State and stream basin 

OREGON 

Present developmeut 

Area lrrl· 
gated in 

1929 

Additional 
lrrlgable 

area (poten
Area enter· tlal area) 
prlses were 
capable of 
lrrigatlng 

1n 1930 

Ultimate 
lrrlgablo 

area 

Annual Irrigation ro
quirement, addition· 
alto natural preclpi· 

Depth 

tatlon 

Total for 
ultimate lr· 
rlgable aroa 

Distribution of oddltlonallrrlgnble Rt'M aecordlna: to 
estlmat.od coaLS of roclamaUou 

Lcssthnn 

$.10 ""' ..... 
BclW('(ID 
$50 n:nd 
$100 por . .... BclWft.'ll 

$100nntl 
$:.'00 per - Moro 

th1111 $<.!00 
por nero 

Indlltor 
wino to 

Acru Acru .Acrtl Fttl .Acrt·/td Acru Acru .Aettl Acru .Acrtl Acru 
Columbia River and tributaries................ 504,956 658.449 2.000.:i00 2,662,000 (1) 6,012,400 1,220,000 476.600 222,000 8&,000 

--'-C-1·---'--'--1-'---1---'--- --'--·1-- - ---
Columbia River direct ..................... ------------ ........... . 
Snake River and tributaries •••• ----------- 288,928 370,026 

Snake River direct..................... 31,814 36,881 
Owyhee River------------------------- 18, 165 Zl, 133 
Malbeur River........................ 32. 122 77,574 
Burnt River---····------·---------·--· 18, 619 20,076 
Powder River......................... 104,089 116,492 
Pine Creek............................ 12.4.09 13,658 
Imnaha River-·-----·-----··-·---···-· 6, 838 8, 100 
Grande Ronde River.................. 57, 65D 63. 174 
Other tributaries........................ 7, :n7 7. 848 

\Valla Walla River......................... 11,123 11,626 
UmatiJla River •••••••• -------·------------ 36,795 48, 284 
Willow Creek .••.•. ----------··------------ 5,382 6,060 
John Day River........................... 40,495 4.4,384 
Deschutes River ......... ------------------ 94,015 139,444 
Hood River................................ 22, 3i0 28,352 
Wlllamette River·------------------------- 4,250 7,022 
Other tributaries or Columbia River....... 2,598 3,351 

360,000 
197,000 

---i.-n:ooo· 
II 64,000 

-----45;int 

25,000 

II I, 159, ()()() 

360, 000 2. 7 972, 000 
567, 100 (•) 1, 273.300 
35,000 2.0 7I,SOO 

100, 100 2. 6 260, 300 
131,600 2. 6 342, 200 
20. 100 2. 0 4.U, 200 

161,600 2.0 323,000 
13, 700 2. 0 'Zl, 4.00 
8, 200 2. 0 18, 400 

88,200 2. 0 176,400 
7,800 2.0 15,000 

61.500 2. 0 123,000 
79, 800 2. 0 150, 600 

6, 100 2. 6 15,000 
59,400 2.6 154,400 

330, 400 2. 5 82#\. 000 
28. 400 2. 8 79, 500 

1, 166.000 I. 2 I, 300, :zoo 
3, 400 2. 8 9, 500 

---·------ 310.000 
25,000 ----···-·· 

50,000 
17:&.000 

:::::::::: :::::::::: ···--n;ooo· :::::::::: :::::::::: 
M,OOU .................. .. 

----46;ooo· :::::::::: :::::::::: 

·--..:ooo· :::::::::: :::::::::::: :::::::::: :::::::::· 
:::::::::: :::::::::: :::::::::::: :::::::::: ----~o;roo 

10.600 ------------ ---------- 15,000 

Ill, 000 
5, ()()() 

1,150,000 ---------- ............ ·····--·-· ---·------

Rogue River and tributaries ••••••••••••••••••. 
1 
_ __:58.:::__000..:.__l--'-''_:• 6_:5:_1 l--33,_::_000:-::-l---'107'::'-, 700-',-l-1,_.,_•-r---1-61_,_700_

1 
____ 

1 
__ 33_, ooo_._

1 
. ---------- --.-.-.-

Rogue River direct •••• -------------------- Jl, 931 14,836 33,000 47,800 I. 6 71,700 33,000 
Little Butte Creek......................... 11,726 12,171 ------------ 12,200 1.5 18,300 
Bear Creek................................ 14, 862 20, 293 ------------ 20,300 1. 5 30. 600 
Evans Creek............................... 1, 215 I, 482 ------------ 1, 500 I. 5 2. 300 
Applegate River........................... 9, 266 II, 871 • ----------- 11, 000 1. 5 17, QOO 
lllinois River •• ---------------------------- 4,328 6,836 ------------ 6,800 1.5 S. ;oo 
Other tributaries........................... 5, 632 8, 162 ------------ 8, 200 J. 6 12,300 

Klamath River and tributaries •••••••••••••••. 
1 
_ __:126,_::_1,-05:+--16-::9:_' 6::99::+-,-1'::':..· 1::00::-l·--:-298,::::-900:::::-l 2. 0 697, 800 

Klamath RtverdlrecL.................... 1,8U 3,672 129,100 132,800 2.0 265,600 
Lost River-------------------------------- 60,450 76,857 ----------·- 75,900 2.0 151,800 
Sprague River.----------------·--·-···---- 7,687 13,616 ------·---·· 13,600 2.0 27,200 
Other tributaries-.......................... 66. 'lZl 76. 6M ------······ 76.600 2. 0 163, 200 

Other Pacific Ocean streams................... 1, 733 3, 226 -···-------- 3.200 .8 2. 600 

116, 100 

116.100 

. ---- ---·· ------------ ........ .. 13,000 

13,000 

r ndependent streams ••• ··---_ .. __ -----•.•..... 
1 
_ _:':_06::.• :_95:..9+_:_,._2,:._1_:8-..5_

1 
__ 1_89_;•_ooo_.

1 
__ <_41c.,-..100:::-ll-'--"'-'lf---'66.:.1_:'-..800:::-I-1-4-'5,'-000-+.--_------·_-_. _.

1 
.:.· ·.:.-_-·_-_ •• _._. ·-·+·-·---_:·.:.· -:..·.:.· ,.

1 
__ ,.:..:;.• 000:.:: 

Deep Creek---·-----------·······---------- 1, 906 1, 937 ----····---- 1, 900 1. 5 2. 900 
Donnerund BUtzen River................. 79,000 84,500 -····ao;ooo· 84,500 1.5 126,800 ---------- .......... ----···----- ................... . 

~itre~~t~e~ies·-------------------------- ~:~ ~~~ 159,000 29~::: t: ~~~~ 1~g::: :::::::::: :::::::::::: :::::::::: ····44;000 
Total ror state~~~~~~~~~~~~~~~~~~~~~~~~~~~/=,.;,898.;,;;.7,;13;,/,=1"',=158.,;;.2=10=/'=2,==3"==· eoo=•i==3·='=12,=9=oo=/l~.~::<,•:->=-~fi=-:=•:-·='~33~.-=,:oo:,:~,,:-.=48::-,=·71=00~~:.~-=509:.:,-.='~oo:-:,~~~222.~~ooo~~~:,-.~·--=.~--.=.~·-·=··,:~~~~-:,=~~.:.ooc~ 

SOUTH DAKOTA 

Missouri River and trlbutaries ••••••••••••••••• 
1 
_ __:•~'·:._1_07::-I---'09_:._,55_0::-I·--11-2,'-800-·I--222.-'_oo_ 1_--:-1.-::50-f--333--',-'oo_ 1 __ 15_,_ooo_

1
_-·_·_-·_--_-_.-_

1 
__ oo_.ooo __ 

1 
__ 3_7.:.,soo_+·-·-··_·--·--·-· 

MLssow-t River direct ____________________ -- 6 8 ··-·1·io.·soo· ----ii9.-ioo· t. 5 
Cheyenne River and tributaries........... 66,001 1(8, 324. I. 5 

Cheyenne River direct ......... -------- .... _ ....•.• ----.------- 84, 300 84,300 1. 6 
North Fork (Belle Fourche River)____ 51,342 {10, 359 16, 000 105,-400 1. 5 
South Fork ...... ---------------------- 14,678 17,864 ------------ 17,900 1.5 
Other tributaries....................... 11 101 ll, 500 11,600 1. 5 

kl~~a~~~:::~~~~~~:::::::::::::::::::::: ---------6o· -------··oo· ...... :~. 2.m ;:: 

~lb~ t~i::fariis"Oi"MiSsOlliiiiiVM:::::::: I, oo1 1,1~ :::::::::::: ------i;200· t: 

··--·a28;ooo· ---i5:000- ::::::~::: -----oo;ooo· ···a~;soo· :::::::::: 
126,400 ---------- ···------- 60,000 24,300 ·---------
158,100 15,000 ------·-·· ------------ ··------·· ----------
26,800 ---------- ---------- ------------
17,400 ---------- ---------- ------------
3,000 ---------- ---------- -------·-··-

ii:5oo- :::::::::: 
2.000 ··--·---·-

200 ---------- ---------- ·----------- ------···· ----------

------·t;soo· -------·-· :::::::::: :::::::::::: :::::::::: :::::::::: 
Total for state ••....... ____ --··---... __ -·/=d,";;;'·:;';;;rn~p=1;;09;;;·:;550;;;;,/=,.;;11;;2.:;800;,;;.,/=,.;;222.;,;;.4,;00;,/,,.;1;;. 5=/=::;333;,;;,. ';;oo;,/,,.;1;;5•;;ooo;;;;,F·;;· ·;;· ;;· ·;;· ·;;·~-ll=,.;oo;;·,;ooo;;,l/=;;";;· ;;""';;,/;;· -;;-·;;·;;· ·;;·,;;-. 

TEXAS 

Rio Grande River and tributaries •••••••••••• --, _ _;""::,:::' •:.;3::2'+-68::72':.;"~'+-=17=1,:.;000:;. /--;:853;:'-;, 600;:::-·/:.:.:;::;:: 1---"1':..".,.3.:.' :_100-:-l-38_::_, OOO=·I-'-133.:.•.:.000.,.,-F • .:.··::·.:.··.:.·_· ·_--_.1_ . .:.··.:.·:_--~-:..· ·~·~:--:._·.:.-·:..·:_· ·=·. 
Rio Grande direct......................... 459,557 674,817 162,000 736,800 t. 75 1, 289,400 32.000 130,000 

b~~~~lb~t8riu.:::::::::::::::::::::::::: :~:~ i~~ro ------~:~. g~:m i~ ~~i:~gg ----~:~- ----~:~. :::::::::::~ :::::::::::::::::::: 
o tber tributaries of Gulf or Mexico .•••....•... 

1 
__ m=-·:.:'C:20+-«.::;o·:.;048:;./--;:798:::.;, 900;:::-/-1::'-;::m:;:. 900;:::-/-'-;-:;+__:''-::77::-0:'., 800=-1--:-100~, 000:-::-·l-"::'::2,'-000::-:-l-·-· ·----·---· ._ .. _.

1
_._· ._._. --·---_.

1 
__ 80_:._' o_oo 

N
8
.ue

0 
cesAntoR

0
1v

10
erR--I-v·e·r·------------··---------- ag. X:~ :~ i~ 4JX;;: li~~: i~ :: ~ ~=; ~~ 100,000 a:l; =: 

·······-················· ' 000 210.600 1 5 315 900 M 000 CotoradoRiver •• -------------------·-····· 61,8R8 140,626 70, 150,100. , ----------. 
Brazos River··-···----··----····---------- 21,660 30, 061 120,000 1.1 165, 100 --······-- 120, 000 

:::::::::::: :::::::::: ---·io;ooo 

•Variable. 
11 System under construction. 
11 Additional irrlgablc area, taken from Oregon State Agricultural College, Bul. 302; Army report (!09) gives only 613,000 acros. 
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TABLE H.-Present irrigation development and uUimale possibilities of irrigation development by Stales and stream baai,..._Continued 

State and stream basin 

Present development 

Additional 
1---.,----1 lrrlgable 

area (poten
Area enter- tiBI ares) 
prlseswere Area frrl· 

gated In 
1929 

481,019 

to. 035 
800 

2,176 
18,422 
21,462 
3,895 

17,567 
11,720 
1,912 

capable or 
Irrigating 
in 1930 

601,824 1,890,800 

13.678 17 1, 461, 200 
2. 705 ·····ii:rnr 2,447 

30,482 35,000 
Zl, 700 36,600 
4,552 6.600 

23.238 31.000 
)7,348 35,000 
2,136 1,000 

Annual irrigation re
quirement, addition• 
al to natural preclpl· 

tattoo 

Distribution or addltionallrrlgable area according to 
estimated costs or reclamation 

Ultimate 1----,,------l-----;---.-----...,----,--lrrlgabla 
araa 

Depth 

7,492,500 (Q 

1, 464,000 2.8 
2,700 2.2 

13,400 2.2 
66.500 2.2 
64,400 2.4 
10,200 2.4 
64.200 2.4 
62,300 2.4 

3, 100 2.4 

Total ror 
ultimate tr
rtgable area 

6,819,100 

4,101, 720 
6.940 

29,480 
144,100 
154,51'.0 
24,480 

130.080 
125,520 

7,440 

Less than 
$50 per 

acre 

.Acru 

Between 
$50 and 
$100 per 

acre 

Between 
SlOO and 
$200 per ..... 

Acru 

More 
than$200 
per acre 

Acru Acru 
46,900 

:::::::::: :::::::::: :::::::::::: :::::::::: ····•o.oooo 

1, 000 ---------- ------------ ---------- 4,100 

---4s;ooo· :::::::::: :::::::::::: :::::::::: :::::::::: 
11,000 ---------- ------------ ---------- ----------

oooooooooo 14, 000 40,300 ooooOooooo 3. 000 
ooo-ooo•o• OOoo•·---- o•-•o•o•o••• 5, 000 -·--·-----

:::::::::: :::::::::: :::::::::::: ----5;ooo· :::::::::: 

12,000 42,800 39,100 (0, 000 
16,000 O•o•o•oooo o•o•ooooo. 

3,000 

103,000 44,4.00 219,800 

:::::::::: :::~:::::: ----·20;ooo· :::::::::: ---··a;ooo 
---------- ---------- ------------ ---------- 44,000 
---------- ---------- 83,000 44,400 172.800 
oooooooooo o-ooooooo• 35,000 ooooooooo• OOOOoooooo 

:::::::::: :::::::::: -----48~000- :::::::::: """"45;000 
---------- ---------- ··---------- ---------- 59,001) 

:::::::::: :::::::::: :::::::::::: ---44;400" ~:~ 

---------- ---------- ------------ ---------- -------------------- ---------- ------------ ---------- ----------

46,000 35,400 1,345,100 26.000 (38,300 

10.400 1,400 J, 341,400 ---------- 98,000 ---------- ---------- ------------ ---------- -------------------- ---------- 3,700 ---------- 7.300 ---------- ---------- ------------ ---------- 35,000 
00005;6000 ---------- ·-·--------- ---------- 6.000 ---------- ------------ ---------- --··---------------- ---------- ------------ 26,000 6,000 ---------- ---------- ------------ ---------- 36,000 
---------- ---------- ------------ ---------- 1,000 
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TABLE H.-Present irrigation development and uUimate possibilities of irrigation development by States and •troam basim-Contlnued 

Present developmeo~ 

Stat.e and stream basin 

Additional 
1----~----1 irrigable 

Area lrrl· 
gated In 

1929 

area (poten· 
Area enter- tiel area) 
prises were 
capable or 
Irrigating 

In 1930 

WASHINGTON-Continued 

Columbia River and trlbutaries-Continuod. Aertl A<TU A<TU 
'Venatcbee River ____ ---------------------- "'·""" 25,717 20,000 
Crab Creek ••••••• --·-------------------- •• 1, 761 1,885 ----i73;ooo· Yakima River and tributaries •••••..••••.• 325,200 399,726 

Yakima River direct •••• ------------·-- 257,220 317, 165 173,000 
Naches River---···-------------------- 29,9.56 30,386 ----------·· A htanum Creek. ___ ••••••• _.---·--. ___ 8,172 8,936 ------------Other tributaries.····------------ _____ 29,951 43.239 

----·io~ooo-Snake River and tributaries---------------- 8, 716 9,891 
Snake River direct •••• ----------- ______ 1,640 1,659 10,000 
Asotin Creek •••••••••••• ___ --------- __ 3, 613 4.341 ------------
Palouse River.···--- •••• -----------· •• 980 1,150 ------------Other tributaries.. ••.•••••••. ----- __ ---- 2,682 2. 744 ----·so:ooc.-Walla Walla River------------------------- 18,608 20,000 

Klickitat River_------------------------ ___ 6. 797 7.""' 16,000 
White Salmon River----------------------- 4.034 4,697 4.000 
Other tributaries of Columbia Rh·er _______ 24,676 36.318 48,000 

Independent streams •••••.••.•••••••• ------ •••• 18.264 29, 6IS1 133,200 

Dungeness River_------------------------- 8.9110 17,607 20.000 
Other tributaries ••••.•••••••••• _ ••••• ---. _. 9.301 12,080 113,200 

Total for State ••••••••••••••••••..•••. ___ 499,283 631,511 2,024, 000 

WYOMING 

M Jssouri River drainage_ ••••••• ----- •••••••••• 900,523 1,217, 344 1, 305,400 

Clark Fork (of Yellowstone) and tributaries. 6,658 11,035 8.000 
Clark Fork direct ••••••••••.••••••••••• 4,340 8.340 8,000 
Tributaries.-----------------·--------- 2, 318 2, 695 ····mro:.-Big Hom River and tributaries ••••.••••••. 318.607 475,301 
Big Hom River direct ••••••••••••••••. 45,379 52,318 35,000 
Popo Agie River ••• -------------------- 21,131 26, 189 40,000 
Wind River ••••••••••.••..• ------------ 51,789 116,788 133,000 
Owl Creek •••••••••••••.. -------------- 16, 148 IS. 924 2.000 
Nowood Creek .•••..•.... -···----··-··· 15,254 19,778 39,000 
Greybull River---------- .. -----------. 52, 138 65,331 

-----io~ooc.-Shell Creek .••.•••••••••••. __ ---------. 7, uo 13,795 
Shoshone River ••.•••••...• __ -------- .• 95,636 142.002 153,000 Little Horn River ____________________ . 1,637 2, 705 ····12i:soo· Other tributaries .••••••..•••. ----- ...•. 12, 3!15 16.571 

Tongue River and tributaries ••••••••..•••. .52, 195 55,453 38,700 
Tongue River direct •• ----------······- 8,914 10,534 12,1110 
Goose Creek ... ------------------ ..•... 31i,455 38,884 26,000 
Other tributaries .••.. -----.-----------. 7,826 8.035 ----iiB:"OOO-Powder River and tributaries ..••••..•••.•• 49,135 55, 194 
Powder River direct .•••. -------------- 4. 703 4, 703 57,500 
Red Fork Creek ..•••••.•.....••.....•• 450 ... ------------
Crazy Woman Creek ••••.•••.•.•...•.• 2.600 4,146 ·-·-·;o;ooo· Clear Creek •..•.••.••• ----- .• -.- .. -- ..• 31i, 295 35,960 
Other tributaries .••••••. ----------- .... 6,087 9,935 40,500 

Little Missouri River •. -----·-----·----------------------·--····-·· 18,000 
Belle Fourche River .•• ----------------···· 457 6.12 36,000 
South Fork (Cheyenne River>----------··· 3,M6 3,843 ··----------
Niobrara River ••. -------------------······ 333 31l8 ----Mi~OOO-North Platte and tributaries............... 452.752 500,125 

North Platte River direct.............. 81,313 100,287 370,800 
Beaver Creek •••••.•• --------··-------- 3,132 4,176 18.000 
Grand Encampment Creek ••• --------- 6,006 11,522 8.000 
Sprin~ Creek ••••••••• ---------·------.. 10. 825 13, 197 ·····3s;ooo· 
Pass reek ••• -------------------------- 14,1181 17,860 
Medlc[ne Bow River.................. 36,879 42.271 16,000 
Sweetwater River...................... 6.506 8,619 4~000 

Muddy Creek ••••• --------··---------- 400 400 ------------
Box Elder Creek....................... a. 742 S. 486 ------------
La Prele Creek........................ 16. 549 16,908 ------------
Labonte Creek......................... 4,31\3 4,826 ··--·is;ooo· Laramie River and tributaries......... 179,019 257,351 

Laramie River direct.............. 98,510 168,297 8.000 
Little Loramie River.............. 43,942 60.972 ------?:ooo· 
\:lcbllle Creek...................... 5, 237 6, 387 

orth Laramie River.............. 5,979 6. 360 2,000 
Chugwater Creek.................. 6.139 7,108 1,000 
Other tributaries.................... 19,212 19, 2'13 ------------

Rawhide Creek-------···-------------- 225 225 ---··;o;ooo· 
Horse Creek ----------------------···· 29,594 30,920 
Other tributirles or North Platte...... 58.598 · 79,177 11,100 

Tributaries of South Platte................ 17,340 19,393 1.000 
Lodge~ole Creek....................... 1, 595 I, 725 1,000 
Crow Creek............................ 4, 951 6. 677 ------------
Lone Tree Creek....................... 9,485 9,485 ------------
Cache Ia Poudre River................. 1, 309 1, 506 ------------

• Variable. 

Annual Irrigation re-
quirement, addition· 
aJ to natural precipl-

l.atlon 

DtsLributlon of additionAl lrrlpblo nroa aocordlna: to 
estimated costa or reciiUDaLion 

Ultimate '----;----1---.-----,,-----,-----;---lrrlgable I ., .. 

Arru 
45,700 

1.900 
572,700 
400,200 
3{),400 
8.900 

43,200 
19,000 
11,700 
4.300 
1,200 
2,1110 

70.000 
2,"l,OOO 
8, 700 

84,300 

162,000 

37,600 
125,300 

.... ~400 

2, 522,600 

19,000 
16.300 
2, 700 

1.009,100 
87,300 
116,200 

249,800 
20.000 
88,800 ...3110 
23,800 

295. goo 
2,1110 

138,400 
94, 100 
23,200 
62,900 
8.000 

173,200 
6~200 

400 
4.200 

116,000 
50,400 
18,000 
30,600 
3,800 

400 
1,148. 000 

471, 100 
22,200 
19,500 
13.200 
52,800 
58,300 
53,600 

400 
8.600 

16,900 
4,800 

275,400 
176.300 
51.000 
12,400 
8.400 
8,100 

19,200 
200 

60.900 
00.300 
20,400 
2, 700 
6,700 
9.600 
1,500 

Totnl for 
Depth ultlmotc ir

rlgable area 

FuJ. 
2.8 
2.8 
2.8 
2.8 
2.8 
2.8 
2.8 
2.1 
2.1 
2.1 
2.1 
2.1 
2.1 
2.8 
2.8 
2.8 

(') ... 
2.5 

(') 

1 ... 
1 ... 
1 ... 
1 ... 
1 ... 
1 ... 
1 ... 
1.65 
1 ... 
1.65 
1.65 
1.65 
L65 
1.65 
I. 7 
I. 7 
I. 7 
1. 7 
1. 7 
1. 7 
1. 7 
1. 7 
1. 7 
1. 7 
1. 7 
1. 7 
1.6 
1.6 
1.6 
1.6 
I. 6 
1.0 
1.8 
1.6 
1.6 
1.6 
1. 6 
L6 
1. 6 
1.6 
1. 6 
1.6 
1.6 
1.8 
1.6 
I. 6 
1.6 
1.6 
1.6 
1.6 
1.6 
I. 6 
1.6 
1. 6 
1.6 

Aert·(tt! 
127,960 

5,3lll 
I, 603,560 
1,372,560 

ss, 120 
24,920 

130,000 
41, iOO 
24,570 
9,030 
2,520 
5,670 

147,000 
64,400 
24,360 

236,0<0 

365,800 

52,640 
313,260 

7, 185,080 

4,119~ 700 

31,400 
26,1100 
<.500 

I, 665.000 
144,000 
109, 200 
412.200 
34,500 
97.000 

107,700 
39,300 

488, 200 
4,500 

228.400 
160.000 
39.400 

107,000 
1~600 

294,400 
105,700 

700 
7,100 

95.200 
... 1110 
30.600 
6~200 
6,100 

600 
1,8.16,800 

153, 91Ml 
35.600 
31,200 
21,100 
84.500 
"'· 300 85,600 

600 
13,600 
27.000 
7, 700 

440,600 
282, 100 
81.600 
19,800 
13.400 
13,000 
3{), 700 

300 
97,400 

144,1100 
32,600 
4,300 

10.700 
15,200 
7,400 

Less than Detwoon 
$00 per $00 and 

acre ; 100 per 
acre 

.Aeru Acru 

Detw~n 
$100 and 
$200 per 

""" 

More 
thno$200 

per """ 

A.cru Acrt~ 

Indeter
minate 

A.cru 
20,000 

---·-··--- ---------- ····-------- -········· ---iii\"000 
···;o;ooo· ···ai:ooo· :::::::::::: :::::::::: uo,ooo 

10,000 
10,000 

:::::::::: :::::::::: :::::::::::: :::::::::: ----60,"000 
---------- ---------- .••••••••••. .••••••••• 16.000 

··-io:ooo· :::::::::: :::::::::::: :::::::::: a::=: 

46,000 3&, 400 I, 346, 100 

143. 400 307, 300 292,000 

8,000 
8.000 

26,000 

42,800 

133,200 

20,000 
113,200 

671, MlO 

619,000 

--i2i;soo· ··iM;roo· ----i~D;600· ···42:soo· ····4s;ooo 
8,700 11,300 15,000 ---------~ ----···-·· 

40,000 ---------- ---~-------· ---------- ----~-----
---···---- 125,000 ···········- -------··· 8,000 
---------- ---------- -·---------- ---------- 2,000 

15,600 23.400 ------------ ---------- ·········-

··-io;ooo· :::::::::: :::::::::::: :::::::::: :::::~:::: 
---------- ···------- 112,000 41,000 ----·····-
---47:&;x.- ····s;ror -·-··a2:wcr ----i;mr ····as;c.-JO 
---------- 12,700 -··--------- ---------- 26,000 
---------- 12,700 ------------ ---------- -----·-··· 
·--····--· ··-·--···· ··-· .•••••• ---·-····· 26,000 

····2:soo· :::::::::: ---·-24;Mn· :::::::::: -·-·oi;ooo 
---------- ·--------- 4,600 -···-··--- 63,00l' 

:::::::::: :::::::::: ·····20;wr :::::::::: :::::::::: 
2,500 -------··· -------··-·· --·····-·· 38,000 

---------- ···u;ooo· :::::::::::: :::::::::: :1:= 
···io;ioo- --iCH;ooo· ····ioo;CiiJ· :::::::::: ···a21;ooo 
---------- 55,1J(XJ 100,000 ---------- 214,900 
-····----- UI,OOO •••••••••••••••••••••••••••••••• 

8,000 -----·-··· ---·----···· ·······--- •••••••••• ---------- ---------- ------------ ---------- ------·-·· 
:::::::::: ··-io;ooo· :::::::::::: :::::::::: ----~~:~ 
---------- ---------- ------------ ---------- 45,000 

---------- ··-is;ooo· :::::::::::: :::::::::: ---··a;ooo 
---------- 8,000 ------------ ---------- ----------

:::::::::: ---·?;iiX)· :::::::::::: :::::::::: :::::::::: 
---------- ---------- ------------ ---------- 2, 000 
---------- --------·· ------------ ---------- 1,000 

---------- .......... ------------ -------·-- ·---------
-·-·--··-· ··------·· ·----·-·-··· • ·-----·-· 3{), 000 

11,100 ---------- -----------· -----·---- ----------
---------- --------·· ------------ ---------- 1,000 
---------- --------·· ------------ ---------- 1,000 
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TABLE H.-Present irrigation development and uUimale possibilities of irrigation development by States and stream basim-Continued 

Present development 

State and stream basin 
Additional 

1-----.-----1 irrigabla 

WYOMING-Continued 
Colorado River drainage ____________________ .. 

Greon River and tributaries ••••••..•••••••. 
Green River direct •••. -----------------
Now Fork ••• ---------------···--------
Horse Creek.-------------------------. 
Cottonwood Creek .•.•••••• ____ •• -----. South Piney Crook ____________________ 
La Barge Creek .••••••••••••••••••••••• 
Fontenelle Creek ••••••••••••••••••••••. 
Bitter Creek •••••••••• __ ••••• ___ -------
Blacks Fork---···--···------·---------
Henrys Fork--------------------------. 
Little Snake River ••••••••••••••••••••. 
Other tributaries .••••••••••••••••••••. _ 

Great Salt Lake dralnago_ ••••••••••••••••••••. 

Bear River and trlbut.arles .•••••••••••••••. 
Bear River direct •••••.•••••••••••••.•• 
Tributaries •• ---···-···--·-------------

Columbia River drainage..~-------------------

Snake River tributaries •• ----------------·-
South Fork direct. ••••••••••••••••••••• 
Oros Ventre River ••••••••••••••••••••• 
Little Oros Ventre River •••••••••••••• 
Salt River--------···--------·····-···· 
Other tributaries. ••••••••• __ •••••• __ ••• 

Total for State--------------------------

'Variable. 

Area bTl· 
gated in 

1929 

Auu ....... 
228,600 

25.791 
48,003 

6,982 
9,189 
1,4i2 
4.083 
1,607 

878 
61,397 
16,884 
II, 719 
42,694 

47,379 

47, 37D 
28,455 
18,924 

59,554 

59,554 
I, 2.50 
3,884 
2, 2'i4 

36,8113 
15,283 

I. 236, 155 

area (poten· 
Area enter- tial area) 
priseswere 
capable ol 
irrigating 

In 1030 

Acru Acru 
30f,057 1, 004,800 

304,057 1, 004,800 
28,985 6>0,200 
63, OOi ------------

6,1135 
-----i8~00() 10,594 

1,800 15,300 
4,898 4,000 
1,680 4,000 
1,026 ------------

76,875 266, 100 
18,6n 38,000 
12.049 

-----39~200-76,571 

56,221 7,600 

56,221 7,500 
34, 116 7.600 
22,106 ------------
77.386 88,000 

77,386 88,000 
1,877 35,000 
4,431 ------------2,291 ------------46,233 ------------

22,651 53,000 

t, 655,008 2, 405,700 

Annual Irrigation re
quirement, addition· 
al to natural precipi· 

tat ion 

Distribution or additional lrrlgable area accordiug to 
estimated costs or reclamation 

Ultimate 1---,----·1----;---,----,--,--lrrlgable I .... 
Depth 

.Acru Fed 
1,308. 900 1.6 

1.308, 900 L6 
649,200 1.6 
64,000 1.6 

6,900 1.6 
28,600 I. 6 
17,100 1.6 
8.900 1.6 
li, 700 1.6 
1,000 1.6 

343, JOO 1.6 
56,700 1.6 
12, JOO L6 

115.600 L6 

63,700 2.0 

113,700 2.0 
41,600 2.0 
22,100 2.0 

165,400 L7 

16.5,400 L7 
36,900 I. 7 
4,400 I. 7 
2,300 I. 7 

46,200 L7 
75,600 L7 

4,060,600 (•) 

Total lor 
uJtimate lr· 
rigable area 

A.ert·!ttl 
2, OIK, 200 

2, 094,200 
1, 038. 600~ 

102.400 
11,000 
45,800 
'Zl, 400 
14,200 
9,100 
1.600 

&19,000 
DO, 700 
19,400 

185,000 

127,400 

127,400 
63,200 

• 44,200 

281,200 

281,200 
62,700 
7.600 
3,900 

7S.li00 
128,600 

Less than _Between 
S50 per !t$50 and 

acre $100 per 
acra 

Auu Acru 
2116,700 :;oo,ooo 

296,700 566,000 
128,200 492,000 

Between 
$IOOand 
$200 per 

aero 

Acrta 
M,OOO 

95,000 
------------

Mora 
tban$200 
per aero 

.Acru 
----------

--------------------

Indeter
minate 

Acrt8 
47, 100 

47,100 
----------

---is;ooo· :::::::::: :::::::::::: :::::::::: :::::::::: 
15,300 ---------- ------------ ---------- ----------
4,000 ---------- ------------ ---------- ----------
4,000 ---------- ------------ ---------- ----------

---94;ili'l0· ···u.-ooo· -----oa~ooo- :::::::::: ----,i;ioo 
•••.•••••• 3S, 000 ······-····· •••••••••••••••••••• 

···aa;200· :::::::::: :::::::::::: :::::::::: ·····o:ooo 

68,000 

68,000 
35,000 

15,~ 

15,000 

7,600 

7.600 
7,600 

6, 000 ••••••••• •••..•••••• 

5,000 ---------- ----------

6,622,600 608,100 888,300 392,000 42,800 674,500 



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. 
F'ully 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 
nnd 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, Indinna, 
Illinois, Minnesota, and Iowa was wet and, in its 
original state, not suited for the production of crops. 
Some idea of the condition thnt 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 to 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 t.>rmented 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 recnll that nil 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, Bureau of Agricultural Engineering, U. S. 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 a 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. 
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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 th~ 
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 drainage district are 
e.'<cluded, 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: 

U.S.DtPARTMENT OF AGRICUL TUitE 

lt7,t~tA • • 1,0114,142A, 

ii 

8117, 758A, 

Z45,703A II • • 

17t,4~1A, 

1!!1 
•sa,052A • • 3tS.711A • • 257,111A. 

II 
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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: 

Kind of enterprises 
Capital In· Acres ot 

vested to JaD. enterprL<eS 
J, 1930 

Ditches only------------- --------.------- I sm. 517, 731 61, 860, 163 
TUe only or tile and dJtches ••............•• a 197,846,175 20,273,819 
Levees with tile or ditches ................. I 104,891, 5IKI 8, 631,616 
Part gravity and part pumping............ Zl, 070,273 2, 034,002 

Average 
cost per 

acre 

$.5. 35 
9. 75 

12.15 
13.31 
49.67 All drainage by pumping................... 79,894,531 I, 608,433 

1-------1-~~-1-----
TotaL. ---------------- ------·----··- ··------------ 84, 408, 093 

Land protected by levees or ao outside 
agency-------------------····------------ ------------·· 7, 318, 167 

• Invested and required 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 

BUR£' AU OF AGAIC:UL TURAL tNGINtEAING 

31.,1JIA 170,158A. • • 
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OTHER UNIMPROYED ........ ~ 
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LAHDPLAHTEOINCROPS .• ~ 
OTHER IMPROV£D.-........ !:•i!:!i!:!! 

17t,2t2A, 

• • 

2.U:S,l5tA. 
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CHARACTER OF LAND IN DRAINAGE ENTERPRISES 
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to the fanner who cultivates such lands. Thorough 
dra~~~e by removing surplus water and lowering and 
stabilizmg the water table provides a greater depth of 
root zone, a warmer soil in the spring, and a better 
physical condition for malting 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 drPinage. 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, Drainag,e 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 
maintenance in some localities new assessments or 
organization of a nl'w 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 
gradually 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 drPinage and proper 
maintenance. Considerable research should be done in 
developing more economical methods of maintaining 
drainage improvements. Drainage laws of some States 
should be amended to facilitate adequate maintenance. 
Consideration might well be given to lending public 
funds for self-liquidating projects which are agricul
turally and economically sound. 
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Completion of Drainage Enterprises: Many projects 
have large areas which are not productive because of 
incomplete outlet ditches or insufficient fnrm dminago, 
or because they are not cleared. An adequate land
use program should provide for the completion of those 
drainage enterprises which are partially complete m1d 
are economically feasible and desirable, as in their 
present incomplete condition a heavy burden is thrown 
upon the cultivated land in the district. It would ~eem 
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 lu.nd is needed in order that 
such land can bear its fair share of the cost of maintain
ing drainage improvements, schools, roads, and other 
local utilities. · 

The Reconstruction Finance Corporation is not 
authorized to make loans for the completion of new 
projects or for the extension 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 agricultural interests at the present 
time generally encourage the !"eduction 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, Drainag,e 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. The loans 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 more in demand. In the past, public 
agencies 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 the land 
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. . 

Drainin~ 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. 

, • See contribution by F. R. Kenny on land reclamation poUcles. 
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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 e21:penses 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 wet lands that are drainable are shown 
in figure 2. The data from which this figure was pre
pared were compiled in 1922. Since then considerable 
areas have been organized for the purpose of securing 
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WET LANDS THAT ARE DRAINABLE 
Approximate Acreage, 1919 

U S. D[PA,.ft.t(Hf Or AGIUCUUUA[ 

Each dol represents 
10.000 •eros 

f! A) l0 OH U ll ClN\U) 

F'tG. 2.- Arcas oC wet lands that ore drninable are primarily in the eastern hniC oC the United Stoles. The dotn !rom which this Oguro wns prepared were compiled In 1022. Si nce 
then co~sldcrnble areas hove been organized Cor the purpose or securing community drainage, and \'arious other change.• hn\'e been effected. Arter considering those chon~os . 

1t 1s csttmated that there nrc now about 91,000.000 ncrcs oC land which could be improved or reclaimed by drainage Cor agricultural purposes. 

community drainage. About one-half of this acreage 
1 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 druinagc would be necessa ry 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 imprond for 
agricultural purposes or reclaimed by drainage. 

This land affords a r eserve of importance in the 
future development of this coun t.ry . These 91 ,000,000 
acres of lands, which can be drained, when needed, 
would support about 40,000,000 peop le. 

r'ost of Reclaiming Land hy Draina.ge.- Tbe cost of 
future drainage improvements will, no doubt, be con
sidembly higher than the cost of drainage district im
provements already constructed. E stimates 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 value in 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 rnnges 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 yenrs unless there should be u 

mnrked increase in the birth rate, u lessening of the 
restrictions on immigration, or an increase in foreign 
exports. It is difficult to forccnst the cost of rcclnim
ing t he other t \vo-thirds of t,hc wet lnnds. A pro~rnru 
of development of nn \'igu t ion n nd of wu t f'l' l'f'SO II rces nf 
watersheds hus been sLnrtrd on the ~lississippi, Mis
souri, Ohio, T rn nessee, and l\ l uskrgon J{i n•rs und wi II 
mnterinlly affect the cost of dr:tining ngricu ltu ral lnnds 
in the wn tPrsheds of Lhesc ri vNs. ] 11 sonH' instn necs t he 
effect will he to dcc rl'ft se the cost, in oLhers to incrcnso 
the cost, of drninnge. The control of fl oods on rnajor 
st.renms would tend to drcrcnsc the cost of dmin11ge on 
lnnds within the flood plnin, whil e constru ction of 
dnms to proYidc wnter for nnYigntion will usually 
increase the cost of drninngc. lmfH'OVPments in equip
men t nnd cLnnges in labor condi tions make it imprac
ticable to forecast cost of the development. 

Legislative Problems 
Drainage legislation in various Stntcs hns mndc pos

sible the development of drainage enterprises. How
ever, it is generally agreed that n great need exists in 
many States for simplification, unification, and amend
ment of drainage laws to coJTcct n buses, to reduce 
administrative expenses, and to increase the effi ciency 
of construction and mnin tcna nee of druinnge improve
ments. Before any steps nrc taken Lo change t,hc 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 better these 
conditions some educational work is needed and prob
ably some simplification of laws governing organiza
tion of drainage enterprises, particularly those involv
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 
a 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, levee 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 soils, effect of pumping on groundwater 
levels, 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 lVork: 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 a 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 follmving 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 land~. 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 n.griculturally 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 has 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 ond d!'velop 
agriculturally. The officers of districts and lund
owners must exercise the best of manngonumt in ordor 
to insure rehabilitation of the enterprises even oft.pr 
obtaining Government loans. Loans to be usrd fur 
maintenance purposes can be obtained where n!'!'ded 
to rehabilitate or maintain drainage improv!'m!'nts. 

There are a number of uneconomical drainngt' enter
prises which have caused losses to landownors, and 
most likely will continue to result in finnncinllosses to 
owners if continued in operntion. Tho question of 
whether or not these enterprises should be abnndonod 
depends largely on the success they hnve hnd in the 
past and the resources and abilitv of the owners in 
draining and fnrming the lands. · 

Since there is an overproduction of agricultural 
products, there is no need at present to encourage 
draining ndditionnl 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 drninnge districts. Should those 
policies become desirable, lnnds 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 druinage. 

The possibility of utilizing swnmp 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 ngricultural use, should 
be given careful consideration. Where such trocts 
owned by the public ore avniluble to nil residents, 
recreational areas seem highly desirable. Owners of 
wet lands, who are paying taxes and deriving no in
come, will try to develop such lands by drainage as 
soon as they think they cnn profit thereby. 

A study should be mnde of droinngc legislation with 
a view of improving tho organization and lcgislath•o 
procedure so that dminnge overhead expenecR will bo 
decreased and more adequate drainage cnn 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 en tircly 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 areus us 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 wus made 15 years 
ago, it is improbable that any marked changes have 
taken place since the data were obtained. Any clus
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 111.-Cut-over lands, and estimated cost of clearing t 

Estimated cost of 
clearJng 

State I Area of cut. 
over land 1-----,----

Per acre Total 

/,()(}() tJCTtl 
Alabama ....................... __ ....... _____ Ui,OOO 
Arkansas .... ---- ........ __ .........•.... ----- 14, 500 
California ........... _____ ........... ----·---- a a.r;.'j 
Connecticut .... ----- .... _._ .......... _____ .. _ a 300 
Delawa.nL ........ .....•.................. __ . 100 
Florida .......................... --- ...... __ .. 12. 500 
Georgia...................................... 21.000 
Idaho........................................ '476 
Kentucky ...... ························------ 3, 250 
Louisiana.................................... 12.000 
1\fnrrlsnd .•...•............. ..•.......... _... 1, 900 
1\.fichlgan.. ...• •........... .•... .. ... ........ ' 4, 200 
Minnesota................................... I 5, 300 
1\flssis.<~ippl. ••.. .•..... __ ....... ____ ... ... . . . . 13, 500 
1\.flssourL .......•. •.•..... ___ ... ---------.... a 3, 000 
Montana ..•......... --·--· ........ ____ ....... I 312 
New Jersey ..•........ ---- ...... ---- .... __ ... 1 600 
North Carolina ....•........... ---------...... 13, 000 
Oklahoma. •.•.......... --------- ............ __ 3, 000 
Ore~on .••....... ............................ _ 1 830 

Dollar11 
10 
r.o 

200 
40 
40 
10 
10 
r.o 
40 
20 
35 

"' "' 10 
50 
40 
15 
20 
ao 

200 

!,()(}()dollars 
150,000 
725.000 
7!,000 
12.000 
4.000 

125,()00 
210,000 
23,800 

130,000 
240,000 
66,500 

210,000 
265,000 
135,000 
150,000 
12.480 
9,000 

2fl(),000 
00,000 

166,000 
Pennsylvania................................ a Small --------

4
•
0 
••.•.•.•• 

7 
•• -

4
-
00
-. 

Rhode Island................................ 1185 
South Carolinn ........ ---.------------------- 9, 500 20 100, 000 
Tennessee ..... ---------···---·--------------- 7, 800 30 234,000 
Texa.-. ........ ----·---······-- ------------.... 12, 000 20 240, 000 
Virginia...................................... 10,000 30 300,000 
Washington ....••..••••.•....... ----·-------- I 2. 025 200 40S, 000 
West VirginiiL................................ 4,650 40 186,000 
W iscoosin ....•• _ ... ---... --.- . - . -.- -----··-. -l---:-o4::., OOO=·I--____:"'::..I---="=•::..:· 000= 

Tot:ll ••• ____ ----- ...... ---------------- 176, 183 4,862.180 

1 The arens stated are taken Crom H. Doc. No. 262, 66th Cong, 1st sess. 
' For Maine, Ma..<;SBcbusotts, New Hampshire, and Vermont the aroos or cut-over 

land availahle for agriculture were reported as ''unknown"; Cor the other State..'! not 
listed, no data were given. 

a Estimated acreage suitable for agriculture not Including those lands suitable for 
grazing. Total cut-over area much greater. 

• This report covers conditions In 1934, and was prepared by N. A. Kessler, 
associate land-clearing specialist, Bureau or .-\grlcultural Engineering, U. s. 
Department of Agriculture. 

• • Document No. 262, Bouse of Representatives, 68th Cong., t..t sess. 
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seedlings on newly cut-over areas to large second 
growth or mature timber on the areus 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 affect the cush 
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 gradually 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 uspen. It bus 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 hus taken place. This 
is practical, of course, only with those species that 
decay at least partially in a few years, such us 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 a 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 plants offer a market tor long leaf 
pine stumps and down wood, and under favorable con
ditioli.S the price paid may be somewhat more than the 
removal and haulage costs. 

In the big timber sections of theW est stump removal 
and disposal costs a.re high because of the size of the 
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stumps. The usual proced~ 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 Sites on the Colorado River. 
3 p., illus., 1925. 

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

Fifteenth Census of the United States. Irrigation 
of Agricultural Lands. Arizona, p. 68-75, 1930. 

(4) MEINZER, 0. E., AND ELLIS, A. J.: 
Ground Water in Paradise Valley, Arizona. U.S. 

Geol. Survey Water-Supply Paper 375-B: 
51-75, 1915. 

(5) ROSS, C. P.: 
The Lower Gila Region, Ariz., A Geographic, 

Geologic, and Hydrologic Reconnaissance, with 
a Guide to Desert Watering Places. U. S. 
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. S. Geol. 
Survey Watet·-Supply Paper 556: 176 p., 79 pis., 
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. Rec. Record 13 (12): 
p. 302-304, 1922. 

(9) 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. 

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

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

California 

Literature cited and articles reviewed: 
(17) 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. S. Army. 73d Cong., 2d Sess., 
H. Doc. No. 191, 1933. 

(19) THE UNITED STATES OF AMERICA AND 
IMPERIAL IRRIGATION DISTRICT: 

Complete Text of the All-American Canal Con
tract, 1932. 

(20) DIVISION OF WATER RESOURCES, STATE 
DEPARTMENT OF PUBLIC WORKS, 
STATE OF CALIFORNIA: 

Sacramento River Basin. Bul. 26, 583 p., illus., 
1931. 

(21) STATE DEPARTMENT OF PUBLIC WORI{S, 
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. 88-98, 
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: 

Colorado 

U. S. Bureau of Reclamation: Klamath and Orland 
projects, Imperial Canal System, All-American 
Canal System and Imperial Irrigation District. 

U. S. Bureau of Indian Affairs: Pyramid Lake and 
Truckee Reservations. (California and Nevada). 

Literature cited and articles reviewed: 
(32) 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.) 
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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 Basin in Colorado and Present Utilization 
of Same, together with Present and Future 
Transmountain Diversions, 407, p., illus., 1931. 

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

Fifteenth Census of the United States. Irrigation 
of Agricultural Lands. Colorado. 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. S. 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. S. Dept. of Interior, 
Geological Survey, 53 p., illus., 1933. 

(37) FOLLANSBEE, ROBT.: 
Upper Colorado River and Its Utilization. U. S. 

Dept. of Interior, Geological Survey Water 
Supply Paper 617, 394 p., iiius., 1929. 

(38) WOOLLEY, RALF R.: 
The Green River and Its Utilization. U.S. Dept. 

of Interior, Geological Survey Water-Supply 
Paper 618, 456 p., iiius., 1930. 

(39) ARKANSAS RIVER AND ITS TRIBUTARIES: 
Extract from Report 308 to the Secretary of War 

from the Chief of Engineers, U.S. Army. 
(41) MISSOURI RIVER: 

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

(42) FORTIER, S.: 
liTigation Requirements of the Arid and Semiarid 

Lands of the Missouri and Arkansas River 
Basins. U. S. Dept. Agr. Tech. Bul. 36, 112 p., 

. illus., 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, SanJuan River, Uncompahgre; 
also Irrigated and Irrigable Areas, Reservoirs and 
Reservoir Sites. 

U. S. Geological Survey-Irrigated and lrrigable 
areas, Reservoirs and Reservoir Sites, Topo
graphical sheet La Platte County. 

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

45 

Idaho 

Literature cited nnd articles reviewed: 
(51) 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. 

(52) AMERICAN SOCIETY 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.ll4-123, 1930. 

(54) HOYT, W. G.: 
Utilization of Water Resources of Snake River 

Bas n. Advance Synopsis of Water-Supply 
Paper 657, 64 p., U.S. G. S., 1932. 

(55) FARIS, R. W.: 
Supplementary Water for Irrigation in Idaho. 

With Particular Reference to Boise and Snake 
River Valleys, 16 p. (Not printed), 1934. 

(56) COLUMBIA RIVER AND MINOR TRIBU
TARIES: 

A Report to the Secretary of War from the Chief of 
Engineers, U. S. Army. 73d Cong., lot Bess., 
H. Doc. No. 103, Vola. I & II, 1845 p., illus., 
1933-34. 

(57) SNAKE RIVER AND TRIBUTARIES: 
A Report to the Chief of Engineers, U. S. Army, 

from the District Engineer, Portland, Oreg. 
(Unpublished report), 1933. 

(58) SNAKE RIVER AND TRIBUTARIES: 
A Report to the Chief of Engineers, U. S. Army, 

from the Division Engineer, San Francisco, 
Calif. (Unpublished report), 1933. 

(59) FORTIER, S., 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 Requirements of the Arable Lands of 

the Great Basin. U. S. 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-Projects: Fort Hail, 
Shoshone and Western Shoshone. 

U. S. Geological Survey-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., 1926-22. 
(71) UNITED STATES DEPARTMENT OF COM

MERCE, BUREAU OF THE CENSUS: 
Fifteenth Census of the United States. Irrigation 

of Agricultural Lands. Kansas, 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. U.S. Dept. of Interior, Geological 
Survey. 

(73) MISSOURI 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.S. Army. 73d Cong. 1st Sess., 
H. Doe. 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 Secretary 

of War from the Chief of Engineers, U.S. Army, 
1934. 

(77) FORTIER, S.: 

Montana 

Irrigation Requirements of the Arid and Semiarid 
Lands of the Missouri and Arkansas River 
Basins. U. S. Dept. Agr. Tech. Bul. 36, 112 p., 
iJlus., 1928. 

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

ENGINEERS: 
The Need for Additional Water Suppli•a in the 

Irrigated Areas of the Western States, Section II 
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. S. Dept. Agr., Bur. Agr. 
Engr., Div. of Irrig., 1930. (Unpublished.) 

(89) MONTANA IRRIGATION COMMISSION: 
Irrigation Possibilities in Montano.. 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. S. Army. 73d Cong., 1st 
Sess., H. Doc. No. 103, Vol. I & 11, 1845 p., 
illus., 1933-34. 

(93) JEFFERSON, MADISON, AND GALLATIN 
RIVERS, MONTANA (Three Forks Basin):. 

A report to the Secretary of War from the Clnef 
of Engineers, U. S. Army. 72d Cong., 1st Sess., 
H. Doc. No. 143, 161 p., illus., 1932. 

(94) LITTLE MISSOURI, WYOMING, MONTANA, 
SOUTH DAKOTA, AND NORTH DAKOTA: 

A report to the Secretary of War from the Chief 
of Engineers, U. S. Army. 73d Cong., 1st Sess., 
H. Doc. No. 64, 90 p., illus., 1933. 

(95) MARIAS RIVER, MONTANA: 
A report to the Secretary of War from the Chief 

of Engineers, U. S. 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. S. Army. 73d Cong., 1st 
Sess., H. Doc. No. 88, 257 p., illus., 1933. 

(97) MISSOURI RIVER: 
Extract from Unpublished Report to the Secretary 

of War from the Chief of Engineers, U.S. Army, 
1934. 

(98) MUSSELSHELL RIVER, MONTANA: 
A Report to the Secretary of War from the Chief 

of Engineers, U. S. Army. 72d Cong., 1st 
Sess., H. Doc. No. 146, 74 p., illus., 1932. 

(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. S. 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, S. T.: 
Irrigation Development in Montana. Mont. Agr. 

Col. Expt. Sta. Bul. 103, 336 p., illus., 1915. . 
Maps reviewed: 

Nebraska 

U. S. 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. 

Literature cited and articles reviewed: 
(111) 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.) 

(112) STATE OF NEBRASKA: 
Water Power and Drainsge 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' lnigation District. Rehabilitation and 

Agricultuf'll Report by Div. of lrrig., Bur. Agr. 
Engr., U. S. 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. U. S. Dept. of Interior, Geological 
Survey. 36 p., 1930. 

(116) MISSOURI RIVER: 
Extract from unpublished report to the Secretary 

of War from the Chief of Engineers, U. S. 
Army, 1934. 

(117) NIOBRARA RIVER, NEBRASKA AND WYO
_MING: 

A Report to the Secretary of War from the Chief 
of Engineers, U. S. 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. Doc. No. 189, 53 p., illus., 1934. 

(119) LOUP RIVER: 
Extract from unpublished report to the Secretary 

of War from the Chief of Engineers, U. S. 
· Army, 1934. 

(120) FORTIER, S.: 
Irrigation Requirements of the Arid and Semiarid 

Lands of the Missouri and Arkansas River 
Basins. U. S. Dept. Agr. Tech. Bul. 36, 112 p., 
illus., 1928. 

Maps reviewed: 

Nevada 

U. S. Bureau of Reclamation-North Platte Project. 
U. S. War Department-Platte and Republican 

Rivers and Reservoirs. 

Literature cited and ·articles revi~wed: 
(129) STATE OF NEVADA, OFFICE OF THE STATE 

ENGINEER: 
Abstract of Claims to the Waters of Salmon River 

and Tributaries, 16 pp., 1916. 
(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, S.: 
Irrigation Requirements of the Arable Lands of 
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the Great Basin. U.S. Dept. Agr. But. 1340, 56 
pp., illus., 1925. 

Maps reviewed: 
U.S. Bureau of Indian Affairs-Reservations: Pyra

mid Lake, Shoshone, Truckee, Walker River. 
U.S. Bureau Reclamation-Carson Valley and New

lands projects, Humboldt River Investigations, 
Truckee-Carson Drainage Area. 

U. S. Geological Survey-Snake River Basin. 

New Mexico 

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

ENGINEERS: 
The Need for Additional Water Supplies in the 

Irrigated Areas of tho 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. 

(146) 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.) 

(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., ill us., 1930. 

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

Fifteenth Census of the United States. Irriga
tion of Agricultural Lands. New Mexico, pp., 
174-182, 1930. 

(149) 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 pp., illus., 1930. 

(150) SOUTH CANADIAN RIVER: 
Extract from Unpublished Report to the Secre

tary of War from the Chief of Engineers, U. S. 
Anny, 1934. 

Maps reviewed: 
U. S. Bureau of Indian Affaire-Navajo County. 
U. S. Bureau or Reclamation-Carlsbad and Rio 

Grande Projects, San 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.S. Dept. Agr., Bur. Agr. 
Engr., Div. of Irrig., 1930. (Unpublished.) 

(160) ALDOUS, A. E., AND DEEDS, J. F.: 
Land Classification or the Northern Great Plains. 

U. S. Dept. of Interior, Geological Survey. 
Mimeo. Report, 136 p., 1929 

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

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. Doc. No. 76, 79 p., illus., 1934. 

(163) JAMES RIVER, NORTH DAKOTA AND SOUTH 
DAIWTA: 

A Report to the Secretary of War from the Chief 
of E1.gineers, U. S. Army. 73d Cong., 1st 
Seas., H. Doc. No. 83, 130 p., illus., 1934. 

(164) MISSOURI RIVER (MAIN STEM): 
Extract from unpublis~ed report to the Secretary 

of War from the Chief of Engineers, U.S. 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. S. 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. Oklahoma, p. 189-193, 
1930. 

(180) SCHWENNESEN, A. T.: 
Ground Water for Irrigation in the Vicinity of 

Enid, Oklahoma. U. S. Dept. of Interior, 
U. S. 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. U.S. Dept. of Interior, U.S. 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.S. Army, 
1934. 

(184) 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-Red River Project. 

Ore~on 

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 II 
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 
pp., illus., 1932. 

(199) WHISTLER, JOHN T., AND LEWIS, JOHN H.: 
Ochoco Project and Crooked River Investigations. 

Bul. pub!. by U. S. Bureau of Reclamation in 
cooperation with State of Oregon, 98 pp., illus., 
1915. 

(200) ----
Harney and Silver Creek Projects. Irrigation 

and Drainage. Bulletin published by U, S. 
Bureau of Reclamation in cooperation with 
State of Oregon, 91 pp., illus., 1916. 

(201) ----
John Day Project. Irrigation and Drainage. 

Bul. pub!. 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 
Plains 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. S. 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., let 
Sese., 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. S. Army. 73d Con g., 1st 
Sess., H. Doc. No. 78, 33 pp., illus., 1931. 

(207) JOHN DAY RIVER, OREGON: . 
A Report to the Secretary of War from the Chief 

of Enginners, U. S. Army. 73d Cong., 1st 
Seas., H. Doc. No. 84, 82 pp., illus., 1933. 

(208) SNAKE RIVER AND TRIBUTARIES: 
A Report to the Chief of Engineers, U. S. Army, 

from the Division Engineer, San Francisco, 
Calif., 1933. (Unpublished report.) 



Available Land 

(209) WILLAMETTE RIVER, OREGON: 
A Report to tke Secretary of War from the Chief 

of Engineers, U. S. Army. 72d Cong., 1st 
Sess., H. Doc. No. 263, 136 pp., illus., 1932. 

(210) FORTIER, S., AND YOUNG, A. A.: 
Irrigation Requirements of the Arid and Semiarid 

Lands of the Columbia River Basin. U. S. 
Dept. Agr. Tech. Bul. 200, 55 pp., illus., 1930. 

(211) FORTIER, S., AND YOUNG, A. A.: 
Irrigation Requirements of the Arid and Semiarid 

Lands of the Pacific Slope Basins. U. S. Dept. 
Agr. Tech. Bul. 379, 69 pp., illus., 1933. 

(212) FORTIER, S.: 
Irrigation Requirements of the Arable Lands of 

the Great Basin. U. S. Dept. Agr. Bul. 1340, 
56 pp., illus., 1925. 

Maps reviewed: 
U. S. Bureau of Indian Affairs-Klamath Indian 

Reservation. 
U. S. Bureau 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. S. 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. S. Dept. of Agr., Bur. Agr. 
Engr., Div. of Irrig., 1930. (Unpublished.) 

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

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

(228) ALDOUS, A. E. and DEEDS, J. F.: 
Land Clsssification of the Northern Great Plains, 

U. S. Dept. of Interior, Geological Survey. 
Mimeo. Report, 136 pp., 1929. 

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

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

(232) JAMES RIVER, NORTH DAKOTA AND SOUTH 
DAKOTA: 
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A Report to the Roeretary of War from t.he Chief 
of Engineers, U.S. Army. 73rl Cong., 1st Scss., 
H. Doc. No. 83, 130 pp., illus., 193·1. 

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

A Report to the Secretary of War from the Chief 
of Engineers, U.S. Anny. 73d Cong., 1st Scss., 
H. Doc. No. 64, 90 pp., illus., 1933. 

(234) MISSOURI RIVER AND TRIBUTAR!Io:S: 
Extract from unpublished repor~ to tho Scr.rct.ary 

of \Var from the Chief of Engineers, U. S. Army, 
1934. 

(235) WHITE AND BAD RIVERS, SOUTH DAI{QTA 
AND NEBRASI{A; 

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

(236) FORTIER, S.: 
Irrigation Requircmcnt.s of the Arid n.nrl ~cmin.rid 

Lands of the ~:Iissouri o.nd Arkansas River Bu. ... 
sins. U. S. Dept. Agr. Tech. Bul. 36, 112 pp., 
illus., 1928. 

Maps reviewed: 
U.S. Bureau of Reclamation-Bello Fourche Project. 

TEXAS 

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

ENGINEERS: 
The Need for Additional Water Supplies in the 

Irrigated Arens of the Wr.st.crn States, Sect.ion 
II of the Report of tho Committee on Jrrigat.ion 
of the American Socdcty of Agrir.ulf.urnl Engi ... 
neers, for the 2 years erlding ,June 10:31. 

(247) INTERNATIONAL BOUNDARY COMMISSION, 
UNITED STATES AND MEXICO: 

'fnbulnr Data on Jrrignble and Irrigated Lnnds 
along the Rio Grn.nde River, with det.niled· state
ment, 1932. 

(248) FELLOWS, A. L.: 
Irrigation Needs and Possibilities of tho Great· 

Plains. Report by U. S. Dept. Arr;r., Bur. Agr. 
Engr., Div. of Irrig., 1930. (Unpublished.) 

(249) LAWSON, L. M.: 
Data On Irrigated Lands nlong the Rin Grande; 

with detail statement, from an article ( 1920) 
"Engineering Problems of tho Intrrnational 
Boundary CommiBf!'ion, United States and Mex ... 
ico ", 11 pp., 1929. 

(250) INTERNATIONAL WATf>R 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 sOBS., H. Doe. 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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(2S2) 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 pp., illus., 1930. 

Maps reviewed: 

UTAH 

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. S. Bureau of Reclamation-Projects: Rio Grande 
and Cotulla. 

Literature cited and articles reviewed: 
(261) GREEN, W. M.: 

Report on the Cache Valley Project of the Salt 
Lake Basin Investigation, Utah. U. S. 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. S. G. S. Water Supply
Paper 517, 270 pp., illus., 1924. 

\265) FORTIER, S.: 
Water Supply of Cache Valley. Utah Agricultural 

College, 1897. 
(266) l<'ORTIER, 8.: 

Irrigation Requirements of the Arable Lands of the 
Great Basin. U. S. Dept. Agr. Bul. 1340, 56 
pp., illus., 1925. 

(267) FOLLANSBEE, ROBT.: 
Upper Colorado River and Its Utilization. U.S. 

Dept. of Interior, U. S. G. S. Water Supply 
Paper 617, 394 pp., illus., 1929. 

(268) WOOLLEY, RALF R.: 
The Green River and Its Utilization. U. S. Dept. 

of Interior, U. S. G. S. Water Supply Paper 
618, 456 pp., illus., 1930. 

Maps reviewed: 
U. S. Bureau of Indian Affairs-Uintah Project. 
U. S. Bureau of Reclamation-Projects: Castle 

Peak, 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. S. 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 Columbia Basin 
Area, Washington. Bul. 28, 55 pp., illus., 
1929. 

Land Planning Report 

(273) UNITED STATES DEPARTMENT OF COM
MERCE, BUREAU OF 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. S. G. S., 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. S. 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. S. 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. S. Army, 1932. (Mimeo
graphed.) 

(279) GREEN RIVER, WASHINGTON: 
A Report to the Secretary of War from the Chief 

of Engineers, U. S. Army. 73d Cong., 2d 
sess., H. Doc. No. 286, 36 p., illus., 1934. 

(280) PUYALLUP RIVER, WASHINGTON: 
A Report to the Secretary of War from the Chief of 

Engineers, U. S. 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. S. 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, S., AND YOUNG, A. A.: 
Irrigation Requirements of the Arid and Semiarid 

Lands of the Columbia River Basin. U. S. 
Dept. Agr. Tech. Bul. 200, 55 pp., illus., 1930. 

(287) SNOHOMISH RIVER, WASHINGTON: 
A Report to the Secretary of War from the Chief 

of Engineers, U. S. Army. 73d Cong., 2d Sess., 
H. Doc. No. 258, 83 pp., illus., 1934. 
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Maps reviewed: 
U. S. Bureau of Indian Affairs-Projects: Ahtanum, 

Colville, Lummi, Simcoe, Klickitat, Toppenish, 
Wapato, Yakima. 

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

U. S. Geological Survey-Snake River Basin. 

Wyomin~ 

Literature cited and articles reviewed: 
(297) 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 En
gineers, for the 2 years ending June 1931. 

(298) FORTIER, S.: 
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. 

(299) 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 pp., illus., 1930. 

(300) --: 
Irrigation Requirements of the Arid and Semiarid 

Lands of the Columbia River Basin. U. S. 
Dept. Agr. Tech. Bul. 200, 55 pp., illus., 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 Plains, 
Part 3, Southeastern Wyoming. U. S. Dept. 
Interior, U. S. G. S., 39 pp. 1929. 
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(304) ALDOUS, A. E., AND DEEDS, .1. F.: 
Land Classification of the Northern Great J>Jnins, 

U. S. Dept. Interior, Geologicnl Survey. 
Mimeo. Rpt., 13tl pp., 1929. 

(306) CHEYENNE RIVER, SOUTH DAKOTA AND 
WYOMING: 

A Report to the Secretary of W nr from tho Chief 
of Engineers, U.S. Army. 72d Cong., 1st Soss., 
H. Doc. No. 190, 277 pp., ill us., 1932. 

(306) WOOLLEY, RALF R.: 
The Green River and Its Utilizntion. U.S. De}•t. 

of Interior, U.S. G. S. Water-Supply Pnpor 618, 
456 pp., illus., 1930. 

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

A Report to the Secretary of \Vn.r from tho Chief 
of Engineers, U.S. Army. 73d Coug., 1st SeRa., 
H. Doc. No. 64, 90 pp., illus., 1933. 

(308) MISSOURI RIVER AND TRIBUTARIES: 
Extract from unpublished report to the Secretary 

of War from the Chief of Engineers, U, S. Army, 
1934. 

(309) NIOBRARA RIVER, NEBRASKA AND WYO
MING: 

A Report to the Secretary of War from the Chief of 
Engineers, U. S. Army. 73d Cong., hit Scss., 
H. Doc. No. 90, 105 pp., illus., 1934. 

(310) WOOLLEY, RALF R.: 
The Green River and Its Utilization. U.S. Dept. 

of Interior, U.S. G. S. Water-Supply Paper 618, 
456 pp., illus., 1930. 

(311) FOLLANSBEE, ROBT.: 
Surface \Vaters 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 Lauds, Wyoming, IJP· 248-256, 
1930. 

Maps reviewed: 
U. S. Bureau of Indian Affairs-Wind River Reser

vation. 
U. S. Bureau of Reclamation-Projects: Alcove

Casper, North Platte, Shoshone, also Irrigation 
on Colorado River Basin, Snake River Basin. 

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


