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FORE\VORD

Project 90-A tud of Factors Influencing the Financial Condition of Certain Utah Irrigation and Drainage Projects-has been COllucted cooperatively since 19 28 by four differ.ent departments, each
represented by a man in charge of one phase of the problem. These
four department representatives have constituted a committee in immediate charge of this project, guided by the Station Director. Subprojects
and their respective leaders are: A: Engineering and Engineering Economic Aspects, O. W. Israelsen; B: Soil Productivity Aspects, D. S. Jennings; C: Contributing Sociological Aspects, J. A. Geddes; and D: Economic Aspects, W. Preston Thomas.
~i
255, which represents the findings and conclu3ions under
Subproject A and is called D' . _.
1 Drainage and Irrigation Conditions) is the first of a series of four bulletins to appear under the
general title: "Drainage and Irrigation, Soil, Economic, and Social Conditions, Delta Area, Utah". Three other divisions will follow, which will be
designated as follows:

Division 2-Soil Conditions
Division 3-Economic Conditions
Division 4-Social Conditions
Each division concerns pertinent. phases of the problems which have
arisen in the irrigation and drainage of the Delta Area.
In the preparation of Bulletin 255, effort has been made to avoiu
the use of technical terms and to use a sufficient number of illustrations to enable land owners and tax payers to read understandingly alld
without difficulty both the discussion and the conclusions. While it is
hoped that the results of the investigations may be of interest and -,T alue
to leaders in irrigation and drainage promotion activities and to engi-·
neers and attorneys who are called on to advise such leaders, yet it should
be clearly understood that the language used and the forms of presentation have been selected particularly for non-technical readers.

DRAINAGE AND IRRIGATION, SOIL, ECONOMIC,
AND SOCIAL CONDITIONS,
DELTA AREA, UTAH
Division 11
DRAINAGE AND ffiRIGATION CONDITIONS

O. W. Israelsen2

INTRODUCTION

In recent years many draJinage enterprises in the United States have
been confronted with serious financial difficulties. The 1930 census
shows that 1064 enterprises, with approximately 17 per cent of the invested capital and cov.ering about 12 per cent of the land in organized
districts, were reported as in arrears in payment of principal or interest
on bonds or other obligations; the remaining 66,863 enterprises were reported as not in arrears. Reports of 2034 enterprises, covering 24 ,741,991 acres, show a total of 10,050 ,8 00 .acres delinquent in drainage
taxes; 65,328 enterprises covering 56 ,763,971 acres , reported no delinq uency; 565 enterprises failed to report.
The capital invested in enterprises which were in arrears on January 1, 1930, was nearly $113,000,000.
There are many causes of financial difficulties of American drainage d'istricts, some of which have been well stated by George R. Boyde (1).
Two of the causes, as listed by Boyde and which apply to drainage districts in arid regions quite as fully as to districts in humid climates, are:
(1) "Construction at times of peak costs and prices. As a general
rule, those districts which were organized prior to 1915 have been successful. There are two reasons for this success:
(a) Crop and land
values were not sufficiently high to encourage large per acre drainage
costs, and (b) the landowners secured exceptionally high prices for their
products during a considerable part of the time in which they were paying off their drainage taxes. On the other hand, districts established
during the period of high prices generally have high per acre costs and
their assessments have fallen due at a time when prices for agricultural
products were decreasing.
(2) "The principal cause of the present distress is found in the
great reduction in farm income which has occurred in recent years. The
total farm income for 1931 was about 40 per cent below the average for
the five preceding years. Under such conditions it is not surprising that
many landowners have not been able to pay their drainage taxes."
Many irrigation projects also have had financial difficulties. The
major causes of these, difficulties and of default in the payment of obligations of 37 irrigation projects, as stated by Hutchins ( 2), are:
(1) "Inadequacy of water-supply for the area included in the project.
lContribution from D e p artm e nt of Irrigation and Drainage Engin eering,
Uta h Agricultural Experiment Station.
2Irrigation and Drainage Engin ee r .
Publication authorized by Director F e bruary 19, 1935.

8

UTAH EXPERIMENT STATION BULLETIN

No. 255

(2) "Inadequacy of the irrigation system for service of all lands
charged with its cost, due mainly to difficulties in financing its comple~
tion.
(3) "Irrigation charges, found to be unbearable when added to annual costs of land and improvements and living costs, due to over-capitalization, inflation of costs by '·c ost-plus' contracts, unduly brief amortization periods, or 'pyramiding' of district assessments in blanket-liability
States.
(4) "Heavy exploitation and speculation in providing water and
lands for settlers, including dishonest construction.
(5) "Inclusion in the project of large proportions of marginal and
submarginal lands and areas unsuited topographically.
(6) "Engineering difficulties, disaster to irrigation wo-rks, and unduly heavy maintenance and operation charges.
(7) "Lack of a properly devised and financed colonization plan;
insufficient settlement and development of land; and subsequent abandonment of land by settlers.
(8) "Unfavorable farming and marketing conditions.
(9) "Water shortages in the first few years of the project's life, resulting in initial crop failures and consequently failure to meet obligations.
(10) "Drainage troubles.
(11) "Internal troubles, graft, bad management, and broken morale
of landowners."
The foregoing major causes of default are grouped by Hutchins into
four classes: (1) Engineering mistakes, (2) exploitations, (3) colonization difficulties, and (4) changes in the financial and economic situation.
Drainage and irrigation enterprises can obtain considerable assistance in the readjustment of their financial difficulties from the experience of other enterprises as set forth by Hutchins. In addition to a discussion of the basic causes of financial default and the principles that
have been developed in making readjustments, Hutchins describes in some
detail the procedure followed by 13 enterprises in making the necessary
financial adjustments.
The financial rehabilitation of irrigation and drainage districts in
Arizona has been recently considered by Smith (3). In writing of this
urgent problem he says in part:
"In common with other institutions which entered the depression
period with heavy indebtedness, many of the irrigation and drainage districts of Arizona and of other states have been unable to meet the interest and amortization payments of their bond issues and such districts
are vIrtually bankrupt and insolvent. At present price levels, especially
those of agricultural products, the possibility of resuming payments to
bondholders is very remote. Furthermore, the delinquencies both for
bond service and for state, county, and school taxes are accumulating,
many fields and homes are being abandoned, irrigation and drainage sys~
tems are deteriorating rapidly for lack of proper maintenance and repairs, and the farms are not salable at any price.
"Inasmuch as the welfare of the community, the county, and the
State is involved, as well as that of the landowners and the bondholders,
it is highly desirable that the outstanding liabilities of districts in financial distress should be compromised on the basis of agricultural conditions
and that the districts be placed in sound and solvent condition. Since
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every day's delay adds to the difficulties, the first steps should be taken
at once either by the boards of directors or by bondholders' committees,
or by organizations such as chambers of commerce which can function
as intermediaries, or by the State."
It is apparent from the foregoing studies of some irrigation and
drainage authorities that those Utah drainage and irrigation projects
which are in financial stress are but a few of a much larger number
throughout the country. Some of the causes of financial difficulties
are more or less common to all drainage and irrigation enterprises.
It is the purpose of this bulletin to present the results of parts of a
detailed cooperative study of some of the factors which have contributed
to the financial difficulties on certain projects on the Delta Area, Utah.
The nature of these investigations is stated more completely following a
brief description of the Sevier River, which is the source of irrigation
water for the Delta Area.

THE SEVIER RIVER,
The Sevier River is the major source of irrigation water for arid
lands in Central Utah. It is noteworthy , however, that the area of arable
land to which Sevier River water may be conveyed economically greatly
exceeds the area that the annual water yield of the river will irrigate adequately. The river rises in two main branches. "The south fork rises
in Kane County and flows almost due north to Junction in Piute County,
where it joins the east fork , which rises partly in Garfield County and
partly in Sevier County. The Garfield County branch of the east fork flows
north , and the Sevier County Branch flows south to Coyote (now called
Antimony) where the two tributaries join and flow westward into Junction. From Junction, the river flows northward past Marysvale, Sevier,
Richfield , Salina, Gunnison, and Mills, where it takes a westerly course
to Leaming ton and from there a southwesterly course past Delta, Oasis,
and Deseret, and into the Sevier Lake." The river (and adjoining land
areas) above Gunnison is frequently desig nated the " Upper River'" and
below Gunnison the "Lower River". The studies reported concern particularly that part of the Lower River area in Millard County, known as
t:b.e Delta Area 3 which comprises about 115 ,000 acres, of which approximately 80 ,000 acres are included in drainage systems and 35 ,000 acres ,
more or less, are now irrigated.
The climate of the Lower Sevier River Area is distinctly arid; dryfarming is impractical and irrigation is ess ential to satisfactory crop
production.
Due to the aridity of the climate there were probably only minor
areas of wet lands before irrigation was beg un , althoug h topographic
and soil conditions are not favorable for natural drainage except near
the river channel. The Delta Area is a desert plain, rang ing in elevation from 4565 feet to 4640 feet abo ve sea level and having slopes of
from 5 to 20 feet per mile.
Irrigation was begun in the area about 1 860 and was expanded gradually until 1905, when it was given a new impetus. The irrigation of the
area from the earliest years probably contributed gradually to the geh3"S o il S u rvey of th e De lta Area. U t a h ." By A . T . S t rah orn, H. S tu c ki , and
D . S. J e nnin gs . U.S.D.A. B u r. of So il s : A d vance Sh ee t s-F ie ld O p era ti o n s. 1 91 9.
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eral rise of the water-table and also to the accumulation of excess w ater
and alkali in spots, thus developing conditions which later resulted in
the need for drainag e. Some of the farmers in the Delta Area believe that
the irrigation expansion, begun in 1905 , g reatly hastened the need for
drainage on the lands first irrig ated, in general which are lower than
those lands irrigated by the more recent irrigation projects.
Other
farmers believe that the irrigation of the newer higher lands contributed
little, if anything, toyard the need for drainag e on the earlier irrigated
lower lands.
In any event, drainage of some of the lands on both the older and
more recent irrigation projects finally became unavoidable. However,
drainage activities that followed the coming of the need for drainage have
given rise to some perplexing problems. Before considering these problems it is desirable to survey briefly the history of drainage practice and
the need for drainage.
mSTORY OF DR.AIN AGE

Drainage has been practised in Europe for several centuries. It is
indeed an old practice, probably prehistoric. The earliest known example of tile drainage was discovered in France in 1620. Drain tile was
first used in England in 1810 and in the United States in 1835.
The value of drainage is now well recognized in the United States,
as shown by the fact that in 1929, according to the 1930 Census, American drainage enterprises, included nearly 85,000 ,000 acres, more than
four times the irrigated area. The capital investment in drainage works
is over $680,000,000. These draina'g e enterprises include more than
138,000 miles of ditches and 55 , 000 miles of tile lines.
Drainage in Humid and Arid Regions
The need for drainage in humid regions is easily and generally understood, but apparently it is difficult to understand why arid lands that
require irrigation for crop production must also be drained. In the arid
West man has been slow to recognize the important truth that in most,
if not in all , larg e irrigated areas irrigation and drainage are complementary practices- that neither is complete without the other. This
truth is believed to be especially applicable to several Utah yalleys.
Drainage in Utah
The 1930 U. S. Bureau of Census reports that Utah at that time
had 156,052 acres included in drainage enterprises and that the capital
invested in these enterprises amounted to ~ 4,772,000. Table 1 sh ow s
that the Utah drainag e enterprises were organized from 1910 to 1929
and that organizations including four-fifths of the land area and nearl y
nine-tenths of the ca pital inyested w ere creat ed fra m 1915 to' 191!L It
is alsO' natewarthy, as indicated in Table 1, that drainage arganizatian activity since 1924 has been negligible. The majar percentag e of the
Utah drainage enterprises arganized fram 1915 to 1919 was planned to
provide drainag e for lands which are supplied irrigation water by the
Sevier River system; Millard County comprises the largest part of these
lands, in which is the tract known as the Delta Area (Fig. 1).
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Table 1. Land in drainage enterprises and capital invested by date of
organization, Utah1
Date of
Organization
1910-1 914
1915-1919
1920-1924
1925-1929
1910-1929

L_a_n_d--;-A_re_a
_ _ _ _ _ _ _C_a_p_it_a_I_I_n_v,e_s_t_e_d_ __

1_ _ _ _ _

No. Acres
5,150
126,338
19,554
6,010
156,052

%
3.3
80.3
12.5
3.9
100 .0

D ollars
60,000
4,2 0 5,500
468,100
38,400
4,772,000

%
1.3
88.1
9.8
0.8
100.0

IFr om Fifte enth Ce nsus of the Unite d Sta t e s: Drainage-1 930.

Drainage in the Delta Area
Although the Delta Area drainage movement was begun in 1909,
actual construction, as noted, was done largely between 1916 and 1920,
a period of War prices.
The failure of a substantial percentage of the farms within the several drainage districts to pay the drainage taxes levied against them during the years of drainage construction and immediately following resulted in considerable speculation as to the causes. After having received many requests from parties interested, the Utah Agricultural Experiment Station in 1928 initiated an endeavor to study the irrigation,
drainage, and related problems in the hope of finding to what extent
the financial difficulties were caused b y each of the influencing factors.
DELTA AREA IRRIGATION AND DRAINAGE OR,G ANIZATION
The irrigation business affairs in the Delta Area are conducted by
mutual irrigation stock companies and the drainage business affairs are
conducted by four quasi-public drainag e corporations known as drainage
districts. The stockholders of each irrigation company annually elect a
board of directors to represent them in the conducting of ordinary business of the companies. Matters of extraordinary importance are decided
in regular or special meetings of the stockholders. The irrig ation companies, like many similar companies in Utah and the West, are private
organizations, directly responsible only to their stockholders. The companies have no control or claim of any kind whatsoever on the lands
owned by their stockholders; however , in cases of delinquency of stockholders in the payments of assessments on their stock, a company may
foreclose its lien on the stock in order to force the paym e nts of its a ssessments.
The drainage business· affairs of the Delta Area are conducted by
four drainage district corpora tions each of which has the power to le \ y
taxes on the lands within the district boundaries. The drainag e districts hav e no control over the irrigation water used on the lands within
their boundaries, it bein g controlled by the several irrigation companies.
A drainag e district is a quasi-public drainage corporation. During
the 5-y ear period, 1914-18, four drainage districts were organized under
the Utah drainage district laws in Millard County, Utah. An area of
82,400 acres was included in the four districts: District No.1 comprised
5250 acres, No.2, 22,800 acres, N o. 3, 44,000 acres, and N o.4 had 10,360
acres. The l ocation of the Delta Area and of the t owns included in the
drainage districts is indicated in Figure 1.
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Drainage of fa~m lands in arid regions is motivated by one or both
of two major objectives : (1) To remove in reasonable time all excess
water from the soil in order to improve the soil productivity, to facilitate farm operations, to improve health conditions as well as to decrease transportation and highway costs and (2) to leach excess soluble
salts from the soil as rapidly as possible in order to improve soil productivity at the earliest time practical.
Before the construction of the drainage systems many land-owners
in Millard County were influenced strongly by both of these major objectives. Seepage of water from irrigation canals and deep percolation
water losses from irrigated lands had contributed to the g round water-

.
LAND IN
iDRAINAGE eNTERPRISES

TOOEL!!

JUAII

8~AV~R

IROfol

Figure 1- Map showing location and approximate extent of the Delta
Area and other drainage-district enterprises in Utah.
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supplies until the water-table had risen to points near the land surface
over large areas. The extreme aridity of the climate in Millard County
causes relatively high evaporation from the surface of moist soils. Alkali salts which are contained in the soil water do not evaporate but are
deposited on or near the land surface when the water is evaporated. The
concentration of alkali salts on the land surface due to evaporation of
water that flows upward from saturated soils, if long continued, renders
the soil entirely unproductive. Appreciably large areas of land in Millard
County were thus affected before the drainage movement was begun.
HISTORY OF MILLARD OOUNTY DRAINAGE

MOVE~mNT

The first published reference to the need for drainage in Millard
County that has come to attention was made in 1878 by a reporter to
the Deseret News (27: 443) in the following language:
"The land is very level and the water settles in the lowest places,
which causes the 'mineral' to raise and morning finds the grain as effectually cut off as if an array of grasshoppers had visited it. Residents
of Deseret, men of good judgment, told me that the best grain is that
which has had the least water."
Irrigation Company Drainage Activities. It is said that several Millard County farmers dug small drains on their farms long before the
commencement of community drainage activity. Probably the first noteworthy step toward community or group activity was made in Deseret on
June 30, 1909, when the stockholders of the Deseret Irrigation Company unanimously approved the following resolution:
"Resolution: Be it resolved that we, the stockholders of the Deseret
Irrigation Company, in annual stockholders meeting assembled, formally
request our capable servant, Senator Reed Smoot, to secure the service
of the Drainage Investigations Engineer of the United States Department
of Agriculture to make a topographical survey of our farm lands and
plan the work for successful systematic drainage of our water-logged
lands and protection of our lands already endangered."4
Drainage surveys were made by the U. S. Department of Agriculture
engineers during the summer of 1909 and a report of these surveys was
presented to the stockholders of the Deseret Irrigation Company on July
30, 1910 by the late C. F. Brown and R. A. Hart. After reviewing the
history of agriculture in the region and reporting the drainage surveys
and the alkali content of the soils, the engineers proposed open drains
one-half mile apart and 5 to 6 feet deep. In conclusion, they strongly
recommended drainage and stated that abandonment of some of the lands
was inevitable if drainage were not provided.
In a special meeting of the stockholders of the Deseret Irrigation
Company held on September 3, 1910, Milton Moody (Company President), W. A. Reeve, Marcus Skeen, J. C. Hawley, and others spoke in
favor of the company going ahead to provide drainage, after which the
following resolution was unanimously approved:
"That we as stockholders of Deseret Irrigation Company do hereby
authorize and instruct our Board of Directors to proceed with the work
4From Deseret Irrigation Company Minute Book: 156. Stockholders meeting,
June 30, 1909.
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of drainage of the water-logged lands of the towns of Deseret, Oasis,
and Hinckley as contemplated in the surveys and charts prepared by
Drainage Engineers C. F. Brown and Hart and along such lines and by
such means as may be lawful and best adapted to our conditions."5
It appears from the record that the company directors did not act
on the stockholders' resolution of September 3, 1910 until February 25,
1911 when President Moody was authorized to " consult with engineers
and arrange to buy the best drainag e machine that could be gotten".
On April 17, 1911, the late Engineer C. F. Brown was employed
and authorized to go east and to select a machine "best suited to our
work" and to purchase it at a cost not to exceed $6555.
Special meetings of the company stockholders were called on June
26 and on July 3, 1911 , for the purpose of a further consideration of
drainage, but each meeting lacked a quorum and hence no decisions
were made.
The drainage machine, authorized on April 17, was received before
July 3, because on that date the Board of Directors ordered the machine
hauled "to its place where it can be erected". A test of the machine
was made during 1911 in Oasis. The results were said to be pleasing
to land owners, and on No vember 10 , 1911 , the drainage machine was
accepted and payment ordered by the stockholders.
In the regular annual stockholders' meeting on January 12, 1912,
no reference was made to the drainage work of 1911 nor was there any
reference made to proposed drainage work during 1912, so far as the
record shows, but in a directors' meeting on March 2, 1912, a special
meeting of the stockholders was called for March 9 for the purpose,
among other things, of hearing " reports from the various drain districts
in respect to carrying this work out". The company stockholders met
on March 9 in special session , but the minutes of the meeting are silent
concerning drainage, even though this is one of the major topics for which
the meeting was called. After March 2 un til Decem bel' 31 there is no
further reference in the company minute books to drainage work.
The minutes of a directors' meeting , as of March 10, 1913, show a
motion carried "that we notify the Oasis people that if they want to drain
to go ahead , otherwise same6 will be moved to another district."
Continued interest in the drainage mo vement is evidenced by the
minutes of the directors' meeting of the company on June 2, 1913 , when
W. F. Pratt was authorized and requested to "thoroughly investigate the
various drains and drain systems and report his findings and if conditions
justify, the company will take steps to get another machine for the north
side of the River".
The writer has been unable thus far to find any record of a report
on the drainage problem by W. F. Pratt as contemplated in the directors'
meeting as of June 2, 1913.

Conclusions on Early Drainage Activities

Study of the records of the Deseret Irrigation Company, as briefly
reviewed in the foregoing pages, seems to warrant the conclusions that:
5F rom D e s ere t Ir r iga ti on Co mpan y. Minute B oo k: 24 0.
GTh e word "sa m e " p r obably r e f ers to th e dragline drain a g e excavato r. Th e
minutes are q uo t e d as record e d .
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(1) Community interest and activity in drainage was initiated by
the land owners themselves and not by outside interests.
(2) For a period of nearly five years (1909-13) the Deseret Irrigation Company was the major organization through which drainage activity was conducted.
(3) On request of the stockholders of the Deseret Irritgation Company, engineers of the U. is. Department of Agriculture assisted in making preliminary drainage surveys, reports, and maps, and in purchasing
and operating a dragline drainage excavator.
PUBLIC PROMOTION OF DRAINAGE PROGRAM T
Public educational and research agencies participated in the promotion of the Delta Area drainage activities. Beginning in June 1913,
when the U. S. Department of Agriculture, in cooperation with the Utah
State Agricultural College, employed the first County Agricultural Agent
in Millard County, these public agencies continued an active educational
program in fav or of drainage for nearly eight years, or until the four
drainage districts were created and drainage construction was in progress
by District No.4 ..
The records of the Deseret Irrigation Company and the reports of
the County Agricultural Agent seem to substantiate the conclusion that
the Federal and State representatives were influential in convincing land
owners that special drainage corporations were necessary in transferring
the drainruge activities from the irrigation company to the special drainage
corporation, i. e., Millard County Drainage District No. 1.
Utah State Agricultural College Activities
The activities of the Utah State Agricultural College in the educational work leading up to the creation of the drainage districts and the
construction of the drainage systems were conducted largely by, and
through, the local County Agricultural Agent.
The first reference in the Deseret Irrigation Company minutes to
participation by the County Agricultural Agent in drainage activity is
dated October 13, 1913, when he met with the directors "in the interest of
drainage". On this date all contracts between the Deseret Irrigation
Company and Mr. Brown (engineer) were cancelled and the final payment of $500 to Mr. Brown by the company was to be credited by him to
. the "Hinckley Drainage District".
Thus, it is seen that the transition of drainage activities from the
Deseret Irrigation Company to the "Hinckley Drainage District", the
predecessor of Millard County Drainage District No. 1 and the pioneer
TIn the following discussions of public promotion of the drainage district
movement and also the analyses of the water-supply, it has bee n th e aim of
the author to present facts and interpretations that may assist leaders in
irrigation and drainage affairs to reach sound judgments.
There are yet many perplexing drainage, irrigation, and water-supply
problems confronting western communities. Th e ability of th e lead ers in th e
development of irrigation and drainage proj e cts to forestall serious financial
failures will depend in part on their knowledge, understanding, and use of the
experiences of community und ertakings such as th e drainage of the Delta
Area. It is always easier to look backward and to say what should have been
done than it is to look forward and to point out clearly what to do.
Keeping the foregoing statements in mind, the reader will correctly interpret the following analyses as being design ed to assist-not to belittle or to
destroy. With this interpretation, there can be no rea.sonable exception taken
to a preseI?-tation of !he facts relatin~ to the Delta Area drainage movement,
and to an mterpretatlOn of th e facts m th e light of information now at hand.
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drainage district in Central Utah, was made during the fall of 1913, a few
months following the beginning of the County Agricultural Agent's work.
However, the agent early saw the need for drainage and worked
vigorously toward its accomplishment. In December 1913 he reported to
the Utah State Agricultural College as follows:
"Under my influence a drainage district of 6000 acres has been organized, and preparations are now being made for a tile drainage system
to be put in this winter. This land was formerly desert soil and has been
water-logged by excessive use of irrigation water. It is also crusted with
alkali salts, making it in most places totally barren, though it was once
highly productive.
"Competent engineers estimate the cost of $60,000, or $10 per acre.
The land, save for improvements, such as buildings, fences, etc., is practically worthless.
"To these people it was either drain or vacate their homes. Property
here, when drained, will increase in value in two years $125 per acre.
Therefore, the possible net value of this work to these people, not including the cost of drainage, is $690,000.
"I might add that while some 'people talked of drainage when I came
here, many were afraid of it, and nothing was being done. I have spent
more time and hard work to get this one project started than on anything
else, for the people generally doubted the efficiency of a tile drain."8
The reports of the County Agricultural Agent for several years following snow that the drainage movement commanded a considerable
amount of his time. For those who may be especially interested in the details of these reports, several quotations are given' in Footnote 9.
8Unpublished annual report of County Agricultural Agent, found in th e
files of U.S.A.C. Extension Service.
o"The drainage system will reclaim 6000 acres of water-logged and alkali
soil, which was once very productive, but is now ruined through excessive irrigation. Mistakes were made that delayed the work on e year. In that year the
County Agent succeeded in keeping up the courage of the people and even
converted more to drainage. The election for bonding th e district showed less
than seven per cent opposed to the bonding of the district for drainage. The
engineers began their survey work about two years ago and we expect to see
dirt moving in th e spring."
At the close of the calendar year 1915, the following report was made:
"Drainage is now a live question in this county. Two and a half years
ago when the agent: announced that the majority of this low alkaline land
would have to b e drained, the promoters of the new projects said the agent
was a knocker. This year, however, the Delta Land and Water Company is
beginning operations to drain about seven or eight thousand acre s , which they
find has recently b ecome water-logged. The conversion to drainage in this
country has been rapid and is chiefly due to the efforts of the agent."
The e ducational campaign urging the n eed of drainage continu e d throughout 1916 and later years. However, records indicating any careful study of
water-supplies for the lands to be drained seem to be lacking. It seems that
the water-supply problem was given little or no systematic co nsid eration. At
the clos e of the year 1917 the county agent wrote as follows:
"When the County Agent began work in the County four and one-half
years ago he found much land spoiled, due t o over-irrigation. A drainage
district was organized at once to rede e m part of this area. Much opposition
was met b e cause the p eop le were unacquainted with this kind of work. A
large area refused to come in and gave considerable troubl e so this was
eliminated. This first district is known as Millard County Drainage District
No. 1. It is now near compl etion and contains 6000 acres. Seeing finally that
the entire irrigated area on the lowlands would soon be spoiled, the agent
kept up a continuous campaign for drainage and last spring organized the
area which made trouble in th e start with much additional territory, making
a district of 21,000 acres known as Millard County Drainage District NO.2.
It is under exce ll ent m a nagement. Millard County Drainage District No.3 was
organize o in October of this y e ar due to the work of the County Agent
assisted by the G overnment Drainage Engineer and members of the Farm
Bureau. It contains 44,000 acres, making a total of 65,000 acres organized
this year and a grand total of 71,000. acres organiz e d by the Agent, since the
County-Agent work began in the county. This is regarded as the biggest
possible service that the Agent has rendered this year, by many prominent
local men ."
\
'
In 1918 drainage was made a specific project by the County Agricultural
Agent and reports of progress were submitted nearly every month. In the
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In connection with the statements of the County Agricultural Agent
in the closing paragraphs of Footnote 9, attention is called to the author's
analysis of the records of the District which show that when the contract
was made in September 1919, the District assumed specific financial
obligations of nearly $100,000, or nearly 33 per cent in excess of the
funds that were available from the bond issue that had been authorized
by the electors of the District.
Commenting in the 1919 Annual Report on the beneficial results of
drainage of the Delta South Tract, the County Agent said:
"One farm that was completely water-logged four years ago is drained
to a depth of six feet, as is shown by the fact that within three days
after an irrigation the water table is practically level with the tile lines.
Fully a ton and one-half of alfalfa hay was produced the first crop and
500 pounds of alfalfa seed per acre the second crop making a crop value
of $155 per acre harvested this year. Other farms in the District have
Agent's 1918 annual report the following statements are made concerning
drainage:
"DistrIct No.1. Th e portions of the district that are prope rly drained
are showing a good d eal of improvement. Lands which were totally barren
before drainage and reclamation, produced, this year, from 10 to 22 bushels
of wheat per acre, one crop of alfalfa hay of about one ton per acre, with
the second crop making about three bushels of seed per acre."
"General CODlDlent. The area included in the above-mentioned drainage
districts coveTs practically all of the farming land in thei precincts of Hinckley,
Deseret, OaSIS, South Tract, Delta, Suthe rland, Woodrow, Sugarville, Sunflower, and Abraham. Nearly 90,000 acres are involved, which when properly
reclaimed and protected from sub-waters and alkali accumulation will be
one of the largest and most fertile valleys . in the West, for such crops as
sugar-beets, alfalfa and small grains."
The 1919 annual report of the County Agricultural Agent said in part:
"A large portion of Millard County is comparatively level and made up of
close-textured soils so that little' drainage takes place.
"The above condition has caused the water-tabl e to rise so that approximately thirty-flve thousand acres of land has become water-logged and unfit
for crop production and places in immediate danger seventy-five to ninety
thousand acres, more."
Concerning the work in Drainage District No.1, he wrote as follows:
"Drainage DIstrict No.1. About one-third of the District of 5000 acres
is now underlaid with tile, but work has been discontinued for almost one
and one-half years owing to the exhaustion of the first bond issue of $60,000.
"A second bond issue was voted last summer for $150,000 so that the
work could be continued. It required several meetings with the people of the
District, and 'c onsiderable effort with certain individuals to convince them that
it was ne'c essary to vote the second issue of bonds if they expect to get
drainage."
The 1919 annual report of the County Agricultural Age nt includes also
comments concerning the progress of Districts 2, 3, and 4, as well as the
Delta South Tract which was drained by private enterprise-not by a quasipublic drainage corporation, i. e., a Drainage District.
Commenting on progress in Drainage District No.4, The County Agent
said:
"Most of the activities of the County Agent in Drainage work have b~en
in con.nection with District No. 4 which is the newest of the four, the organization having been completed last Fall.
"The Bond election for $310,000 of Bonds carried satisfactory in February
and were sold at a good price in May; six per cent bon.ds at 92 1h which is
equivalent to 7 per cent at par.
"Bids were received in August and the contract let. The contract was not
let without considerable opposition that had to be converted. It looked at one
time that the District would have to reject the bids. It was only by very
strenuous effort that th e opposition was converted to the idea of letting the
contract which appeared in excess of the bond issue. A delay of that nature
would probably have cost the District a year in the construction of the
system and, undoubtedly would have meant a higher bid, as the one under
consideration was one of the best yet received in the State in the last two
years. The opposers were converted to the extent that they signified a willingness to back the Supervisors of the District in the voting' of another bond
issue if necessary.
"The contractor is expecfed to begin work on the construction of the
system in December."
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done just as well, but the writer is not so familiar with their former
conditions.
"I would estimate that better than $100,000 of crops were produced
on this area this year as compared with about $60,000 in 1918, which
indicates in a measure the effectiveness of the reclamation. This increase in benefits should continue for several years as the extent of the
reclamation increases within the District."
Such striking increases in crop yields due to drainage and such
large acre-profits which were then abnormally high on account of War
prices for farm products resulted in an unusual , and probably an unfortunate, urge to push the drainage activities.
However, Federal, State, and County rugencies, which were driving
hard for drainage10 , were supported by a speculative majority, and these
forces were successful "by strenuous effort" in converting the conservative minority that it was best to let the contract and to obligate the District far in excess of the proceeds from the bond issue in order to avoid
"a delay that . . . . would probably have cost the District a year in the
construction of the system and, undoubtedly would have meant a higher
bid as the one under consideration was one of the best yet received in the
State in the last two years".
Federal Activities
A considerable amount of educational work toward drainage was
done by engineers and others representing the U. S. Department of Agriculture. After the drainage systems were completed, Federal representatives conducted valuable detailed studies relating to the design and functioning of the drains. Some results of these studies are presented in
part on page 20 and elsewhere in this bulletin. Suffice it at this
point to note that the Federal Government's activity in the drainage matters of the Delta Area began as early as 1909 and continued until 1924 or
later.
After inspecting part of the Delta Area (the Delta South Tract) in
September 1915, a Federal. Engineer reported l l that the soluble salts
ranged from 0.244 per cent in the first foot to 0.545 per cent in the
fourth foot. In commenting on the need for drainage, this engineer
said: "The history of the entire locality shows conclusively that underdrainage must be provided if permanent agricultural conditions are to
be realized".
Desirability of Public Promotion
The financial difficulties which the drainage districts have encountered have resulted in considerable criticism of the leaders in the
drainage movement. That the "engineers were responsible" for the inclusion of excessive land areas is repeatedly asserted by present landowners. In light of the financial troubles encountered and the vigorous
criticism of leaders, the question of the desirability of public promotion
naturally arises.
Drainage was no doubt urgently needed. However, that the amount
10The County Agent, addressing the Third Annual Meeting of th e Utah
Irrigation and Drainage Congress, said: "As a. county agent, it has always
b een my policy to s ecure aid and information fro:m all sources possibl e, from
the Agricultural College, from the Government office, and from other sources."
llUnpublished report in files of the Bureau of Agricultural Engineering at
Berkeley, California.
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of necessary drainage required the creation of special drainage corporate
enterprises (drainage districts) is by no means a well-established fact.
Yet it is noteworthy that public institutions worked vigorously toward
the creation of such enterprises and toward developing the public support
required to create them. It is not intended to question the wisdom Of
educational activities on the part of public institutions in the interest of
developing sound irrigation and drainage enterprises.
The leaders of many of the most meritorious agricultural movements
are nearly always opposed by a small number of non-public-spirited objectors whose objections are difficult to suppress. Public institutions
probably should assist in the promotion of needed sound irrigation and
drainage enterprises, but they should, at the same time, recognize more
clearly the obligations that promotion activities involve. Clearer recognition of the obligations thus assumed would demand that public institutions, State and Federal, satisfy themselves by the most thorough search
concerning the soundness of the project which they assist to promote. Unfortunately, many leaders in the organization of irrigation and drainage
enterprises either overlook or ignore the fact that the area of land included in a project may be a dominant factor in determining its financial
success.
In the record of the Delta Area drainage movement no evidence has
come to the author's attention indicating that the contributing public
agencies guarded against the inclusion of excessive areas or that they
recommended a comprehensive study of water-supplies for irrigation.
Both promoters of irrigation and drainage enterprises, and the public
agencies which support them, will contribute to the soundness of such
enterprises and to the public welfare by demanding more facts concerning
water-supplies and land productivity and by giving less weight to speculation.
A few Delta Area landowners now believe that the community could
have reclaimed its lands without drainage had it been able to foresee
the decade of low water-supplies which had followed the drainage movement. It is possible (but not probable) that the water-table may have
receded in parts of the area without drainage, but that the excess soluble
salts would have been adequately removed without drainage is highly improbable because of the lack of provision for water to percolate downward through the soils and thus carry away the soluble salts.
However, the financial failure of the drainage districts has caused
many to raise questions also as to the design and functioning of the
drains.
DESIGN AND 'F UNCTIONING OF DRAINAGE SYSTEMS
The elements of major importance in the desi'g n of a drainage system are: (1) Capacity of the system and (2) depth, location, and spacing
of drains.

Capacity of System
The capacity of a drainage system, or of any part of it, is th.e maxi':'
mum number of second-feet of water per given area that it will draw
out of the soil and convey away from the land.
In irrigated regions, it is more difficult to estimate the r;~q,u~red '

20

UTAH EXPERIMENT STATION BULLETIN

No. 255

capacity of a drainage system than it is in humid areas. This is due
to the wide variability in the irrigation practices of different individuals
and of different communities with resulting wide variability in waste
water contributions to drainage systems. It is due also to the impracticability of measuring accurately the deep percolation of water into soils
due to variations in permeability of farm soils and of irrigation canals
and ditch beds and sides.
As a result of the influences of the many variables that contribute
to the required capacity of arid-region drainage systems, there are no
generally accepted bases for computing capacities. Consequently, engineers differ widely in their view points concerning capacity and rest
largely on experience and personal judgment in designing the capacities
of drainage systems for their clients.
One of the Millard County districts designed and constructed a system which was later co~sidered of inadequate capacity, with the result
that a second system of larger capacity was constructed at great additional expense.
As finally constructed, the Millard County drainage systems were
designed on the basis of one second-foot maximum capacity per square
mile for main drains, 1.6 second feet per square mile for sub-laterals,
with somewhat larger drains for intercepting lines adjacent to irrigation
canals. 12
Table 2. Maximum discharge of typical drains in each Millard County
Drainage District, Utah (1922-23)1
Discharge
Total
Area Served
District
Drain
Discharge
per Square Mile
(Acres)
No.
(Second-feet)
(Second-feet)

I

I

1

Main

5240

5.44

0.644

2

B
C
E
E-20
F

1578
798
1560
1000
1593

3.06
0.74
1.24
1.05
2.87

1.240
0.178
0.508
0.672
1.152

3

B
B-80
B-100
B-620
C-500
D-500
E

331
698
2940
332
1770
578
3210

0.87
0.83
5.59
0.22
0.76
1.30
2.69

1.681
0.761
1.217
0.424
0.275
1.439
0.536

4

E-170
A
A-120

458
1293
373

0.26
0.92
0.39

0.364
0.456
0.669

.

IFrom an unpublished "Progress Report, Millard County Drainage Investigations". By R. A. Hart, Senior Drainage Engineer, an~ T. C. Adams, Drainage Assistant, Division of Agricultural Engineering, U. S. Department of Agriculture, 1924.
12The detailed data concerning the design of the drainage system are taken
from a report (not published) by R. A. Hart and T. C. Adams to the Division
of Agricultural Engineering, U. S. Department of Agriculture, January 1924.
Acknowledgment is gratefully made· to the authors and to the U. S. Burea.u
(formerly the Division) of Agricultural Engineering for permission to use
these data.
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During 1922-23 discharges of drains were measured by Hart and
Adams under conditions varying widely as to soil, diameter and length
of drains, spacing of drains, and extent of lateral systems. The results
of some of these measurements are presented in Table 2, which shows
that the discharge varies from 0.275 second-feet per square mile for Drain
G-500 of District 3, to 1.681 second-feet per square mile for Drain B
of District 3. It shows also that the actual area ser ved by Dra in C-500
was 1770 acres, which is more than fi ve times th e area served by Drain
B. It is important to note that the areas contributing to the following
drains were only partly irrigated:
Main drain of District No.1; B ,
E-20, and F of District No.2; and A and A-120 of District No.4. Moreover, none of the areas was being irrigated fuUy during the periods when
measurements were made. The mean discharge from the areas which
were largely irrigated was 1.2 second-feet per square mile. Commenting
on the results of the drain-discharge studies, Hart a nd Adams say : " It
is gratifying to note that the assumed values w er e not only large enough
but that they were not overly generous."
Depth, Location, and Spacing of Drains

In irrigated soils it is usuaUy desirable to place drains at greater
depths than in humid-region soils. If the soil to be drained is substantially uniform in texture and in structure, deep dra.ins need not be spaced
as closely as shallow drains. Most of the drains in the Millard County
systems are from 5 to 8 or more feet in depth, these depths usually being
adequate.
It is possible in some places to provide drainage of irrigated lands
largely, if not entirely, by locating the drains so ad to intercept the excess
water and to carry it away before it reaches the lands that need to be
drained. Drains thus placed are called "intercept drains." In the Delta
Area, however, natural conditions were not favorable to "intercept draina ge." Where drains are widely distributed throughout an agricultural
area, with a view to relieving the land of the excess wa-ter conditions, the
method is known as the "relief" method. With this method, spacing and
depth of drains is of special importance.
In regard to spacing of the drains , the engineers bad no drainage
systems in the territory to use as guides; consequently, it was essential
t.o base the design of spacing largely on judgment, as g uided by experience gained elsewhere. As a result of this situation, in the language of
Hart and Adam~, "a more or less fool-proof design was worked out on
the theory that it was better to err on the side of too close, rather than
too wide, spacing." In general , the original design provided for a spacing of 660 feet as an average.
The effect of open drains, of tile drains, and of seepage from canals
on the water-table was studied carefully in 1922-23 by Hart and Adams.
Lines were selected at right angles to typical drains and canals and borings were made into the soil along these lines for the purpose of observing the position of the water-table. The observation holes were closely
spaced near the drains and ditches and spaced fa.rther apart as the distance from the drain or the ditch increased. Nineteen such observation
lines or courses were established, along which 195 holes were bored. The
report by Hart and Adams contains detaiLed descriptions of each course
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and of the soil formation encountered at each b oring, t ogether with the positi on of
the water-table. The results
observed on three typical
courses, including an open
drain, a tile drain, and a
canal, are rep orted.
Op~n Drains. Figure 2 is
a reproduction of Profile 4
showing the water-table elevation on a line 2850 feet
long just south of the OasisHolden road and one mile
east of the road t o Delta in
District No. 4. Ten b orings
were made, as indicated.
The shaded area immediately above the water-table represents the depression in the
water-table profile due to
the open drain. It indicates
that a spacing of one-fourth
mile, or 1320 feet, w ould
ha ve been adequate. Of the
five observation courses on
open drains, the investigators concluded that a spacing of 1320 feet would have
been adequate on two and
that a spacing of 900 feet
would have been satisfactory
on one. Explicit conclusions
are not given in connection
with the other two.
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Tile Drains. Figure 3 is
a reproduction of Profile 9,
which represents a line of
borings across tile drains 94,
95, E, 100, and 101. The
drains are all 660 feet apart.
The figure shows that the
water-table was from 4 t o 6
feet below the land surface
at points 100 feet (approximately) or m ore fr om the
drains and that it was fr om
1 to 2 feet above the bottom
of the drain tile at these
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points. The high resistance of
clay to the flow of water is illustrated by the lack of water in hole
3, which was entirely in clay. No
water was encountered in the clay
of holes 13 and 14, but these holes
penetrated through the underlying sand in which the pressure in
the water caused it to rise well
. above the bottom of the clay.
The conclusion with respect to
the spacing of drains' reached by
Hart and Adams is:
"The general conclusion reached,
as a result of the study of the effectiveness of drains, was that, in
the original design for spacing,
the engineers were well on the
safe side, and it was recommend~rl
that serious thought be given to
the proposal of increasing the
spacing somewhat. Eventually this
was done in several of the districts, and in some places spacing
as wide as 1000 feet, and even
1320 feet, was given. It is believed that the results are entirely
satisfactory."
This report is dated January
1924 and was made after rather
extensive drainage studies had been
conducted during 1922 and 1923.
The conclusion, given above, being
based on experimental data that
were not available to the leaders
during the formative period of
the drainage districts, represents
more maturity and reliability than
the earlier point of view concerning the depths and the spacing of the drains. On September
21, 1917 the Senior Drainage Engineer indicated the earlier point
of view in a letter to the supervisors of Drainage District No. 1.13

18"The serious situation in connection with your proj ect has to do with
the design of the system. It is almost proper to say that there has been no
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The Delta Area experience in depth and spacing of drains seems to
indicate that it would have been more economical to space the drains
farther apart at the outset, although it would have been difficult, if not
impracti-cal, with the information then at hand, to foresee the advantages
in wider spacing. General statements as to the necessary depth and spacing of drains in arid regions are frequently misleading and erroneous
when applied to specific drainage problems, because of the great variability encountered in the soil and water conditions. Comprehensive and
thorough engineering investigations should precede the construction of
every drainage system.
lITigation Ditches. Figure 4, wh~ch is a reproduction of Profile A,
shows a marked influence of seepage from a canal on the elevation and
the slope of the water-table. It shows that the water-table slopes away
from the canal in both directions, in spite of the fact that the surface of
the land rises toward the north. The shaded area of Figure 4 shows the
approximate building up of the water-table caused by canal seepage, which
ranges from 3 feet under the canal to zero at points 1200 to 1400 feet
away from the canal. All six profiles (Report by Hart and Adams) at
right angles to canals show that seepage water contributes appreciably to
rise in the water-table which slopes away from .the canal. Figure 4 was the
only case, however, in which the elevation of the water-table was as high
or higher than the bottom of the canal.
After making a careful study in 1922 and 1923 of the seepage from
canals and its relation to drainage, Hart and Adams wrote as follows:
"The general conclusions to be reached with respect to canal seepage
are that such seepage is an important factor in the general rise of the
ground-water-table with the consequent need for drainage; that such
seepage produces a marked distortion of the topo:;;raphy of the watertable in the immediate vicinity of canals, resulting in the necessity of
locating drains very near the canals, and that, owing to the more pervious
nature of the subsoil in the vicinity of canals coupled with the steeper
hydraulic gradient of the ground-water-table already obtaining, and
which will be exaggerated by the installation of drains, a greater capacity
for such drains must be provided."
It is the writer's opinion that these conclusions are essentially sound.
design and as a result the corrections that will b e n e c essary to make this
proj e ct successful must b e gin at the b eginning. Glaring errors hav e been
made in the matter of th e require d capacity of the drai n, th e depth afforded,
and the spacing of the lin es. It will be nece ssary to take th e s e up in d e t ail .. .
"The system was presumably d e sign e d on th e basis of complete drainage;
that is, as contrasted to a m e r €! outl et syste m in which the district furnishes
outl e t privileges only, while th e individual la nd owners are exp e cted subsequently to install the farm drainage. It appe ars to hav e b ee n the plan to
have the district afford compl e t e drai.nage, which is not only prop er, but the
only arrangement f e aSible und e r the existing conditions.
"With the depth available it would b e necessary to space the line s of
drains not mor e than 660 f eet apart, but in th e plan as outlined th e lines
h ave been locate d at twice this dista nce, whi ch m eans, that only about half
enough drainage has been propos ed.
"A system involving a spacing of lin es at 660 f ee t would mean that in
such a soil as is found in this district, th e drain should have depth of at
least 7 fe e t, such depth could, and should have b een given in this district.
Such a depth was origi.nally recommended by this office. An examination shows
that the average d epth afford e d is only about 5 lh f e et, which is less than the
minimum recommend ed for irrigated lands, even where the lines are to be
spaced at about on e -third the distance proposed in your distri c t ."
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In many arid-region
localities the functioning
of drains includes not
only the removal of excess
water from the soil and
the general lowering of
the water-table, but also
the redistribution and the
leaching of alkali from
the soil.
Alkali Removal
Most of the leaders
in drainage and irrigation
affairs in the Delta Area
have expressed the opinion that the -drains have
functioned effectively in
moving considerable
amounts of alkali from
the soil. On many occasions drainage district
supervisors and irrigation
company officials, including water-masters, directors, secretaries, and
presidents, have pictured
vividly the contrasts with
respect to soil alkali before drainage was provided as compared to the
present.
The author's personal
observations in the Area
nearly every year since
1916 lead to the conclusion that the drains have
contributed much to the
improvement of the land
through the removal of
alkali.
During the four-year
period , 1920-23, inclusive,
numerous chemical tests
were made in the Millard
County drainage investigations to determine the
alkali content of the
drainage water. Water
samples were collected by
engineers in charge of
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the cooperative drainage investigations from the main drain of District
No.1, from five drains of District No.2, from three drains of District
No.3, and from three drains of District No.4. They collected 166 samples
from the drains, of which 17 were from the main drain of District No.1,
63 from five drains of District No.2, 46 from three drains of District No.
3, and 38 from three drains of District 4. It is not within the scope of
this bulletin to report the alkali analysis in detail; furthermore, details
are not essentiaP4. The following statements, however, by Hart and Adams
are considered significant in several aspects:
"Examining the data in a general way it w ill be observed that the
mean concentration of all samples is 7431 parts per million, or, roughly,
0.75 of one per cent. Assuming an annual drainage run-off of one acrefoot per acre from 75,000 acres, the removal of 1,500,000,000 pounds of
salts annually is indicated. This is equivalent to 750,000 tons or 50,000
minimum carloads. We have seen, heretofore, that the a verage salt
content of the irrigation supply was about one-tenth of one per cent, and
if we assume an average annual application of about 3.4 acre-feet of water
per acre, it will be found that the total annual application of salts on 75,000 acres is about 700,000,000 pounds or 350,000 tons, which is less than
half of the amount being removed by the drains. It is clear therefore,
that the drains are effective not only in removing the accumulated excess
of salts in the soil but in pre~ enting accumulation due to the use of
slightly saline irrigation water. The fore going figures illustrate the necessity of keeping the drains in an operative condition, since, without the
aid of the drainage system, salts easily mig ht accumulate at the rate of
not less than three tons per acre per year."
It is noteworthY' that these estimates of alkali removal are based
on an annual drainage runoff of one acre-foot per acre from 75,000 acres,
to which it is assumed that an average of 3.4 acre-feet of water per acre
are applied. These estimates were made at a time which was near the
end of a long-time cyclet of wet years. During an 18-year period there
had been no long-time period of drought, although a few dry years had
occurred. The years 1922 and 1923, which immediately preceded these
estimates, were unusually wet years. It is important to note that the
water-supply and the drainage-runoff conditions have changed completely
since these estimates were made. It is not meant to imply that the
change is permanent. A wet cycle of years will probably come again.
In this connection the reader is referred to the conel uding pages on the
water-supply section.

The amounts of water included in the estimates are far in excess
of the actual amounts either drained from or applied to the area since
1924, although not greater than the amounts that would be drained
from and applied to the land within the drainage districts, provided the
entire area were adequately irrigated. The estimates of Hart and Adams
concerning the amounts of alkali removed by the drainage systems appear extravagant in the light of the water-supplies that have been a vailable each year since the estimates were made.
l4For detailed account from which a bove summa ry was mad e, s ee R e p o rt
by Hart and Adams (p. 53).

DRA~NAGE AND InRIGATION CONDITIONS, DELTA AREA

27

It should also be observed that the drains may carry away alkali
from source's other than the upper few feet of soil. In parts of the Delta
Area the groundwater is under pressure, which probably causes flow
upward from comparatively deep water-bearing strata to the drains or
to the land surface. Water from such deep soil sources may carry appreciable amounts of alkali into the drainage channels, and such alkali
cannot properly be considered as reducing the alkali content of the soils
within the root zone of the farm crops.
However, after considering the opinions, observations, and studies
of the alkali content of drainage water, it is probably conservative to say
that during the wet years the drains did function effectively in removing
large amounts of soluble salts as well as in lowering the general level
of the water-table to the extent that concentration of alkali on the · soil
surface was then appreciably decreased, if not largely prevented.15
The results ()!f interviews in 1931 with 21 farmers in Drainage District No.3, as to the functioning of the drainage systems were as follows:
Fifteen said that the drains were working well, probably conveying away
too much water, five stated that the drains were working satisfactorily,
and one said that the drains were only fair.

IRRIGATION WATER~UPPLY
Irrigation is positively essential to successful farming in Millard
County. Satisfactory crop yields cannot be obtained without a sufficient
supply of water for irrigation. Crop production and sales of crops and
of livestock, dairy, and poultry products constitute the major source of
revenue for most farmers and the only source to many farmers. Irrigation water is one of the most important factors which influence crop
production; at given price levels of farm products, irrigation water is
also a major factor influencing the farmer's income. With an adequate
supply of irrigation water for all farms and farmers of an irrigation or
drainage project it is usually possible, at satisfactory price levels, for
the farmer to produce enough revenue to support himself and family
15For more detailed information concerning th e alkali problem in the
Delta Area, the reader is referred to Bulletin 256, Division 2, of this same
s e ri e s, which reports the work of this study. J ennings et al. d e t e rmined th e
alkali content of the soils in 1919 and again in 1932. Their findings show
that the alkali content of the virgin and aba.n doned area is "still extre mely
high," and that in these soils it has not materially change d since 1919. In
1932, G e orge Whornham, then Station Field Agronomist, m e asure d the alkali
conte nt of the soil in a number of fields that w e re then used for th e production of alfalfa-seed. These measurements show: no change since 1919 in the
alkali conte nt of the fine-textured soils and only a slight change in that of
the coarse-textured ones. It is probable that in the Delta Are a satisfactory
le aching of alkali from th e soil and carrying it away through the drains,
particul a rly during dry years, is dependent on the application of irrigation
water in a mounts large enough to make possible the downward fiow of
wate r through the soil. Since 1919, abandoned and virgin soils have probably
had little irrigation, if, indeed, any. It is noteworthy that since 1924 th e
water-supply has been inadequate for the Delta Area lands, and it is therefor e probable that during the recent dry years the rate of alkali removal h a s
been much slower than during the earlier wet years. In these soils th e r e may
be an upward fiow of water from the groundwater sources and there by a
tende ncy toward th e concentration of alkali on or near the soil surfa c e. Th e
conclusi o n that the drains did remove large a mounts of alkali during th e
wet y ears is, th e refore, not essentially in confiict with the findings: of J ennings, Whornham, et al.
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and to pay the costs of irrigation and drainage systems. On the other
hand, when the irrigation water-supply is inadequate to irrigate all of
the land on each farm, then it becomes difficult, if not impossible, for
the farmer to pay all irrigation and draina;ge costs even when price
levels are satisfactory.
Amou.nts of Irrigation Water Needed for Each Acre
No experiments have been conducted in the Delta Area to determine the relation between the amounts of irrigation water consumed16 and
the crop yield produced. It is, therefore, essential to base estimates of
net water needs on the results of experimental wat'3r-crop-yield relations
conducted in other areas and on the experiences and opinions of Millard
County irrigators.
Irrigation Water for Alkali Control. It is recog nized by irrigation
and soil scientists that irrigation water is needed to leach alkali salts
out of the soil and also to prevent the accumulation of alkali in root zone
of some western soils. The Delta Area soils are typical of those aridregion soils in which the control of alkali is an important requirement
of irrigation. Estimates of net amounts of irrigation water needed for
each acre, as given in the following paragraphs, do not include specific
amounts for alkali control, although no doubt some water is needed for
this purpose. Therefore, estimates given may be considered conservative,
because total amounts of water needed, including the amounts for alkali
control; in some cases would exceed the amounts herein estimated.
Estimates by Comparisons. It is well-known by irrigation research
workers that accurate measurements of water consumed by crops are extremely difficult to make, whereas accurate measurements of the amounts
of water applied to various crops are easily made. For these reasons
most of the experimenters on water-crop-yield relations have recorded
only the amounts of water applied. Nearly all experiments thus far conducted concerning the relation of yield of grain crops to amount of water
applied show that the yield of crops increases with increase in the amount
of water up to a certain amount, beyond which the yield of crop decreases materially. Some experiments concerning the water-yield relations for alfalfa have shown a decrease in yield due to excessive amounts
of water applied; others have shown no significant change in the yield
when excessive amounts of water were applied. The results of nearly all
experiments indicate that alfalfa yields are substantially increased with
increase in the amount of water applied up to a certain amount. At
16The word "consum ed," as here used, represents the total ~ mount of water
consumed by e ach crop including transpiration and evaporation from the
soil. It may be greater than, equal to, or less than the a:mount annually provide d by irrigation. In areas that are conserva1;ively irrigated but have shallow water-tables, due largely to excessive losses of water from canals and
ditches, th e water "consumed" is likely to be greater than the water "applied."
On th e other hand, on areas that are excessively irrigated and on areas und e r
which the water-table is at great depths, the water "consumed" is probably
less than the water "applied." For further consideration of crop yield and
water c onsumed, see the author's "Irrigation Principles and Practices," Chapt er XV.
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Logan, the yield continued to increase up to 2.5 feet depth of water
annually and at Richfield up to nearly 3 feet. Experiments at Higley
(Arizona), Buhl (Idaho), and Reno (Nevada) showed continuous increases in alfalfa yields with increased amounts of water applied. The
maximum depth of water applied annually ·ranged from 4.5 to 6 feet.
The results of the experiments conducted at Richfield are probably most
nearly applicable to conditions in the Delta Area. The degree to which
the Richfield experiments may apply to the Delta Area depends in part
on the depth of the water-table in the Delta lands. On the Richfield
Experimental Farm the water-table was at a great depth, so that the
crop yields were not influenced by water absorbed from ground sources.
Considering the similarities in length of growing season, temperatures,
and in annual precipitation, it would seem reasonable to conclude that
the amounts of water consumed for irrigation for alfalfa production in
the Delta Area would not differ greatly from the amounts consumed in
the Sevier Valley. On this basis, the alfalfa growers in the Delta Area
whose lands have water-table depths well below the depths of drains
are likely to need from 2 to 3 acre-feet of water per acre annually to
produce satisfactory alfalfa hay yields.
Opinions of Irligators. The foregoing estimate of water needs for
alfalfa hay in the Delta Area is supported by the opinions of irrigators
in the area. These opinions are considered significant because of the fact
that water delivered to the irrigators is measured at each irrigation by
the company that delivers it. Also, the terms commonly used in water
measurement, such as acre-inch, acre-foot, and second-foot, are relatively
well understood by Delta Area irrigators. An estimate of individual water
needs was made by 120 farmers of typical tracts throughout the area, the
average of these estimates being 2.56 acre-feet per acre annually. 17
In the Delta Area it seems to be generally recognized that alfalfaseed can be produced with less irrigation water than is needed for production of alfalfa hay. The average net amount of water needed for
alfalfa-seed, based on estimates of 60 irrigators, is 1 %, acre-feet per acre
annually, or 1 % feet depth each year. No data are available based on
carefully conducted experiments with which to affirm or modify the
alfalfa-seed irrigation requirements as based on individual farmers' estimates.
As a rule , grain crops in the Mountain States require less irrigation
water than does alfalfa hay. The average of the amounts needed for
wheat, oats, and barley, as based on estimates of farmers in the Delta
Area, differs little. These differences are so slight as to be without significance. The average estimate for grains is 2.2 feet depth , while the
need of water for silage corn is estimated at 1.9 feet depth annually.
These estimates probably constitute a reasonably safe g uide as to
the net irrigation water requirements of the several crops in the Delta
Area, provided the amount of w ater obtained by the crops from unmeasured g round-water sources is negligible in amount.
17The amount of w a t e r in a c re - fee t p e r acr e is e qual to d e pth of w '1.t er in
f ee t. Fo r exampl e, 2 a cre - fee t w ill cov er o n e a cr ~ to a d epth of 2 f eet .
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Comparatively few farmers made estimates of the net irrigation
water requirements for sugar-beets and potatoes. The a verage of the estimates of 21 farmers regarding water needs of sugar-beets is 3.7 feet
depth; the average of the estimates of 22 farmers regarding water needs
of potatoes is 2.9 feet. These estimates are probably in excess of actual
needs. One farmer estimated that sugar-beets need a depth of 6 feet of
water annually, two estimated a need of 5 feet annually, and five estimated a need of 4 feet annually. Long-time experiments on .water requirementf? of sugar-beets near Logan indicate that water applications in excess
of 1.5 feet depth are seldom, it ever, advisable. The average annual precipitation at Logan is 16.45 inches as compared to approximately 8 inches
in the Delta Area. On the basis of the Logan experimental work and allowing f<?r the differences in precipitation between Cache Valley and the
Delta Area, it would seem that a net water-supply of from 2 to 2.5 feet
depth annually should be enough for sugar-beets. It is noteworthy, however, that experiments conducted in the Sevier Valley (Utah) concerning the net water requirements of sugar-beets during the years 1917 to
1920 indicate that the yields of beets continued to increase with increase
in water applied during each of the four years. During each of the
years 1917, 1918 , and 1919 the maximum depth of water applied did
not exceed 2.5 feet, and· during 1920 the maximum was 3 feet. Irrigation water requirements for sugar-beets and potatoes are not greatly
different, provided soil and climatic conditions are the same for both
crops. Irrigation requirements of major crops g rown in Millard County
are summarized and averaged in Table 3.
Table 3.

Summary of the estimated irrigation water requirements for
each of the major crops on Millard County lands, as based on
water requirement studies in iSevier County and elsewhere.

Irrigation Requirements
(Depth in feet annually)
Range
I Average
Alfalfa hay ........................................... ...... ............. j 2
to 3
2%
Alfalfa-seed .......... . ......... ......... ...... ........ ...... ....... ......
1 % to 2
1 %,
Grains, wheats, oats, and barley............................
2
to 2 %
214
Silage corn ..............................................................
1 %, to 2 14
2
Sugar-beets ..............................................................
2
to 3
2 1h
Potatoes ..................................................................
2
to 2 1h
214
Crop

I

Estimates of Total Water Needs
Using the last column of Table 3 as a basis, the irrigation waterneeds on the lands within the Millard County drainage districts have
been estimated. It is noteworthy that thus far (20 years after the drainage movement was initiated) significant percentages of the lands within
the drainage districts are idle. 1s The purpose of the following analysis and
estimate is to determine whether or not the available water-supply is
l8The influence of the idle land factor on the financial condition of the
drainage districts is considered on pages 46 to 48, inclusive.
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sufficient -to make it practical to produce crops on all lands within these
districts.
If it is insufficient for all of the lands and if it is impractical to
increase the supply, then it would seem desirable to determine as closely
as possible what part of the total area within the drainage districts can
be satisfactorily irrigated with the a vailable water-supply .
The gross area of land included in the four drainage districts exceeds
80,000 acres, as indicated on page 52. For the purpose of the following estimates, -80,000 acres is used as the approximate n et area~ Although not rigorously accurate, the expression "drainage districts" is
used herein to designate the total area of drained land in the Delta
Area. The total area of drained land, including the Delta South Tract,
closely approximates 90,000 acres gross. Water-supply estimates and computations are based on actual cultivated , areas, excluding the land used
for roads, houses, barnyards, etc. Assuming that the available water-supply and other factors were such that all of the drained land could be
cultivate.d, then the maximum cultivated area of this land would probably
exceed 80,000 acres, including the land drained by private enterprise and
by the drainage districts.
Surveys made by the Utah Station to' determine the use of land in
the Delta Area, both inside and outside of the boundaries of the drainage
districts, show that in 1932 approximately 43,614 acres of land produced
cultivated crops and in 1919, 41 ,254 acres produced cultivated crops.19
The percentages of the total cultivated -a rea which were used for
alfalfa, g rain, corn, and sugar-beets20 are given in Column 1 of Table 4.
Two different estimates of water requirements are made. The first
estimate, shown in part A of Table 4, is based on the assumption that
one-half of all land in alfalfa during 1919 and 1932 was used for seed
production. The second estimate, shown in part 13 of Table 4, is based on
unpublished data collected by the Station Agronomy Department relative
to the actual percentage of alfalfa land used for seed production, for
each of these years. The amounts recorded in Column 4 (the products
of Column 2 by Column 3) show the estimated net quantities of water
needed on the land for each of the several crops and for the entire area
each year.
Part A of Table 4 shows that 170,600 acre-feet would have been
required to produce crops on all of the drained land in 1932 and that
182 ,400 acre-feet would have been required in 1 91 9.
Part B of Table 4 indicates total net needs of 191,600 acre-feet in
1932 and 175,200 acre-feet net in 1919. The a verage net annual irrigation
requirements for the 80,000 acres of drained land, based on the 1919
and 1932 crop distribution, as noted in Table 4, is 179,950 (approximately 180, 000) acre-feet, which is equivalent to 2.25 acre-feet p'er acre
of actual cultivated land, exclusive of roads, barnyards, etc.
19Th e 193 2 cropp e d area o utsid e of drainage d is tric ts was 9097 acr e s . Th e
1919 cropp ed are a outs ide of dra in a ge districts w a s 8582 a cre s.
2°Sm all ar eas in p o t a toe s, g ard e n, and mi scella n eo u s c r ops are includ ed in
th e totl'\.ls give n but not in the cla ssificati ons of T a bl e 4.
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Net irrigation water needs for lands within Millard County
drainage districts.
A-If all of the lands were in crops and if each of the several
crops occupied the same percentage of the total cropped area
as was occupied during the years 1932 and 1919, respectively,
and assuming that one-half of the alfalfa land is used to produce hay and one-half seed.
B--If all the lands were in crops and if each of the several
crops occupied the same percentage of the total cropped area
as was occupied during the years 1932 and 1919, respectively,
and using proportionate areas of alfalfa hay and seed. 1

Kind of Crop
Column

Cultivated I
Area within
Net
IAcre-feet of
Irrigation
Water
Area
Drainage District
Requirement
Needed
%
(Acres)
I
I
I
1
I
2
I
3
I
4
A
Area Oropped for

Alfalfa Hay
Alfalfa-seed
Grain
Corn
TOTALS
Alfalfa Hay
Alfalfa-seed
Grain
Sugar-beets
TOTALS

45
45
8
2
100

193~34,517

36,000
36,000
6,400
1,600
80,000

Acres

2.50
1.75
2.25
2.00

Area Cropped for 1919-32,672 Acres
20
16,000
2.50
20
16,000
1.75
28
22,400
2.25
32
25 , 600
2.50
100
80,000

I
I

90,000
63,000
14,400
3,200
170,600
40,000
28,000
50,400
64,000
182 ;400

B
Area Oropped for 193.2-34,517 Acres

Alfalfa Hay
Alfalfa-seed
Grain
Corn
TOTALS
Alfalfa Hay
Alfalfa-seed
Grain
Sugar-beets
TOTALS

80
10 1
8
2
100

64,000
8,000
6,400
1,600
80,000

2.50
1.75
2.25
2.00

Area Cropped for 1919-32,672 Acres
8
6,400
I
2.50
321
25,600
1.75
28
22,400
2.25
32
25,600
2.50
100
80,000
I

I

160,000
14,000
14 , 400
3,200
191,600
16,000
44,800
50,400
64,000
175,200

1Estima t e d from figur e s compute d by G e org e Wh o rnh a m .

The estimates of net irrigation water requirements are believed to
be conservative. It is significant that Engineer F. W. Cottrell, who has
had many years' experience in the irrigation and drainage affairs of the
Delta Area, estimates the net seasonal water requirement as approximately 2.75 acre-feet per acre.
Estimating the net requirement on the basis of the crop distribution
of 1932 and the maximum needs for each crop, as given in Table 3, the
net requirement for the 80,000 acres would be 227,600 acre-feet, or 2.84
acre-feet per acre of the net irrigated area. On the basis of one-third losses
the gross need in the reservoir would be 4.26 acre-feet per net irrigated
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acre, or 3.83 acre-feet per gross irrigated area, provided nine-tenths of
the gross area is actually irrigated.
Table 5.

Total water-supply a vailable for Lower Sevier River, 1901-31 ,
inclusive, based on inflow to Sevier Bridge Reservoir.1

1901
1902
1903
1904
1905
1906
1907
1808
1909
1910
1911
1912
1913
1914
1915
1916

55.2
55.6
72.9
59.3
84.6
282.0
406.0
269.0
392.0
294.0
200.0
257.0
201.0
276.0
181.0
208.0

lAs r e porte d b y McBride, in "Sevie r

I
I
I
I

I

1917
1918
1919
1920
1921
1922
1923
1924
1925
1926
1927
1928
1929
1930
1931

""
River Syn o psis."
"

I
I
I
I
I

300.0
196 .0
180.0
178.0
272.0
456.0
307.0
197.0
137.0
120.0
111.0
139.3
155.8
164.7
125.6

Estimates of Total Annual Water-SuppUes
During the formative period of the four Millard County drainage
districts apparently no careful study was made of the probable supply of
water available for irrigation. No reports of investigations concerning
water-supplies have been found in the drainage district records, nor have
any records come to attention indicating that the question of adequacy
of the water-supplies for irrigation of the lands within the drainage
districts was given any serious thought whatsoever before the drainage
systems were constructed.
An attempt has been made in the present water-supply study to
contribute reliable information to such typical questions as the following:
1.

2.
3.

Is it probable that a thorough investig ation of water-supply
during the early stages of dz:ainag e activity would have resulted
in a decrease in the area of drained land and also a decrease in
financial responsibility?
Has the lack of adequate supply of water for irrigation been an
important contributing factor toward the financial failure of the
drainage districts?
What is the probable percentage of the drained land that may be
adequately irrigated with the available water-supply?

Water-supply data are 'p resented from the following sources of information:
A

Records of total water a vailable to the Lower Sevier River, as
computed by McBride2 t, for the years 1901-31, inclusive.

21.McBride , Brice . S'e vi e r Riv e r Synopsis: R e port on A v ailabl e Water-supply on the Sevier Ri ver for Storage in Se vier Bridge and Piute R e servoi rs (October, 1928) .
Note-Engin ee r McBride' s r e port is base d on th e following assumptions :
1-That the Mors e Decree users be limited to their rights as set forth in
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B

Total water diversions by the four major canal companies for the
Delta Area, from 1916 to 1931, inclusive.

C

Amounts of water used on the land by farmers throughout the
area from 1926 to 1931, inclusive.

Data from these three sO'urces of information are presented and analyzed on pages 35 to 45, following a brief general statement concerning methods of interpreting water-supply records.
In water-supply studies, average annual stream discharges have but
. little value, except where long-time carry-over stO'rage facilities are provided. The fact that during a wet season a river discharges from two to
three times as much water as may be needed for the irrigated land is of
no consequence during the dry y.ears when it yields only one-third to onehalf of the water really needed.
Experienced irrigation engineers analyze long-time records of river
discharges usually in terms of the number of years out O'f the total record
period (and also the percentage of the total time) that the stream would
have yielded any given part of the required water-supply, for example,
(1) a full supply, (2) a three-fourths supply, or (3) a one-half supply,
etc. Having arrived at the net irrigation water requirements, i. e., 2.25
acre-feet per acre of cropped land, gross requirements are estimated in
part on the basis of losses in storage, conveyance, and distribution. Actual
measurements of these losses show a range from 30 to' 33 or more per cent
from some of the canals. For the purpose of analyses which follow, losses
described are assumed to' be one-fourth of the total supply and one-third
of the total, respectively. The assumption of one-fourth Ipsses is probably
low according to present practices, but it is believed to be reasonably
O'btainable, whereas the assumption of one-third loss represents very
nearly the present actual losses.
With one-fourth losses in storage, conveyance, and delivery, a gross
volume of 240,000 acre-feet would be needed to deliver 180,000 acre-feet;
with a one-third loss the necessary gross volume w ould be 270,000 acrefeet.
McBride's Sevier River Synopsis. Those parts of Engineer McBride's
water-supply data from the "Sevier River Synopsis", which represent the
amounts of water that would have been available to the Lower Sevier
River each year from 1901 to 1931, provided the distribution of water
had been based on a certain plan as at present (Footnote 21), are presented in Table 5 and in Figure 5. It is important to note that the "Lower
River" includes irrigated lands near Gunnison and Leamington and on
the Central Utah Project, which are neither parts of the drained land
nor of the Delta Area. However, the area of such lands is relatively small,
the Morse D e cree from April 1 to September 30, but be allowed to store unused primary (water) day by day in the Piute Reservoir to b e drawn out at
later dates during the same irrigation season.
.
2-That the Otter Creek Reservoir be allow e d a maximum yearly storageright of 52,600 acre-feet and certain primary direct flow-rights own ed by them.
3-That the Higgins Decree users be limited to their rights as set forth
in the Higgins Decree from April 1 to Septembe r 30, but be allowed to store
unused primary from day to day in the Sevier Bridge Reservoir to be drawn
out at later dates during the same irrigation season.
,
4-That the division between the water left after satisfying the Morse
Decree, the Otter Creek Storage, and the Higgins Decree be divided on Judge
Hans'e n's order, giving the Sevier Bridge Reservoir a priority of 89 280 acrefeet measured on April 15 of each year, the next 48,000 acre-feet to the Pillte
and the balance to the Sevier Bridge Reservoir.
'
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and the records compiled by McBride are the most nearly applicable to
the Delta Area water-supply problem of any available records for the longtime period fr om 1901 to 1915, inclusive, before the drainage systems
I
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were built. The most direct information obtainable concerning the watersupply for the drained area represents the sums of the amounts of water
delivex:ed to the four Delta Area canal companies; however, no records
of such deliveries prior to 1914 are available. Therefore, for the ~5-year
period prior to drainage (1901 to 1915), analyses are based on McBride's
records of water available to the "Lower River" and for the 16-year
period from 1916 to 1931, the sums of the amounts delivered to the canal
companies are used as a basis of analysis.
In order to determine if the amount of water designated by Mr.
McBride as "total available Lower River", would have been adequate for
an 80,000-acre tract, analyses are presented for two periods: (1) the 15year period from 1901 to 1915 and (2) the 10-year period from 1906 to
1915.
15-year Period. Considering first the 15-year period and a gross
annual requirement of 240,000 acre-feet, it will be noted in Table 6-A that
the supply would have been adequate (100 per cent or more) during 7

Table 6.

Water-supply available tOI Lower Sevier River, for the 15-year
period 1901-15, inclusive, and full supply percentages based on
total needs of 240,000 acre-feet and of 270,000 acre-feet, respectively.
Perc e ntage

Year

I

~~~~Vel~,

No. Years out of 15 and % of total time that
supply was within certa in ranges of full
supply
Full Supply (%) IYrs. out of 15 1Ttl. Time (%)

I

A:
Basis of One-fourth Loss-Total 240,000 Acre-feet
1901._______________
23
100 or above
7
1902________________
23
1903________________
30
I
1904________________
25
80-90
2
1905________________
35
1906_____ ___________
117
1907________________
170
60-79
1
1908________________
112
1909________________
163
40-59
0
1910________________
122
191 L_______________
83
1912________________
107
1913________________
84
20-39
5
1914________________
115
1915________________
63
Totals
15

I

47

I

13

I

I
I
I

B:
Basis of One-third Loss-Total 270,000 Acre-foot
1901._______________
20
100 or above
5
1902________________
21
1903________________
27
80-99
2
1904________________
22
1905__ ______________
31
1906 __'______________
104
60-79
3
1907 ________________
150
1908________________
99
1909________________
145
40-59
0
1910________________
109
1911________________
74
1912________________
95
20-39
5
1913 ________________
74
1914________________
102
1915________________
67
Totals
15

7
0

33
100

33
13
20
0
33
99
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of the 1~ years, or nearly one-half of the time. During two years there
would have been a shortage of less than 20 per cent.
By taking special pains in the distribution and use of water, some
irrigation projects can get along for a few years with an 80 to 90 per cent
water-supply without sustaining serious losses.
Substantial crop losses would have occurred, however, when the supply dropped to 63 per cent, as it did in 1915; it is much easier, however,
to tide over one low-water year than a number of consecutive dry years
such as occurred from 1901 to 1905 when, as noted in Table 6-A, the
supply ranged from 23 to 35 per cent of a full supply.
On the basis of one-third losses, or a gross requirement of 270,000
acre-feet, Table 6-B shows that there would have been a full supply
during only five years, or one-third of the time. In addition to the serious
conditions which would have prevailed, from 1901 to 1905, due to water
shortage, there would also have been three years (20 per cent) of the
time with a shortage of one-fourth or more- a shortage sufficient to reduce appreciably normal crop yields.
to-year Period. There has been a tendency to ignore the unusually
dry period of 1901 to 1905 and to question the reliability of the records
of river yields. Although it is believed that such a tendency is erroneous
and dangerous, yet an analysis of river-yield measurements from 1906 to
1915 is prel?ented in Table 7, which is also based on both one-fourth and
one-third losses. Table 7-A, based on a gross need of 240,000 acre-feet,
shows that there would have been no serious water shortage during the
10-year period. The shortage which would have exceeded 20 per cent
during one year (915) only would then have been approximately onefourth. Moreover, during over one-half of the years, the available supply would have greatly exceeded gross needs.
Even on the basis of the gross requirement of 270,000 acre-feet, the
available water would have been substantially adequate during this 10year period. During one-half of the time it was more than adequate; during one-fifth of the time there was a slight insignificant shortage; consequently, there was a full supply 70 per cent of the time. During 20 De;'
cent of the time (two years not consecutive) there was a shortage of onefourth and during 10 per cent of the time a one-third shortage.
Finally, in the light of available records the data of Table 7 show:
0) the danger of giving much weight to a 10-year record of river yield
and (2) water-supply conditions which contributed to drainage needs.
Furthermore, in the light of the analysis of the measured lowerriver water yields for the 15-year period, 1901 to 1915, inclusive, it is
felt that a serious deficiency in water-supply for the 80,000 acres of
drained land might have been foreseen had the leaders of the drainage
movement given adequate consideration to all water-yield records available at that time. It is, of course, recognized that uncertainties exist in
water-supply measurements foJ," the earlier years of the period, but the
probability that recorded discharges are too low is no greater than that
they are too high.
It, therefore, seems conservative to conclude that between 1916 and
1919, on the basis of thorough water-supply studies alone,' it should have
been reasonably ap,parent that during the 15 yeaTS to follow, serious
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delinquencies in tax payments might have been anticipated 'during part
of the time, due to inadequate water-supplies.
The conclusion, therefore, seems inevitable that on the basis of
a vailable 1916 water-supply data and for immediate subseq,uent years,
there was no substantial justification for obligating 80,000 acres of land 22
to pay drainage taxes continuously for a period of 15 years or more; in
other words, the area of land drained was far g reater than was warranted
by the available water-supply.
Table 7.

Water-supply available to Lower Sevier River, for the 10-year
period 1906-15, inclusive, and full supply percentages based on
total needs of 240,000 acre-feet and of 270,000 acre-feet, respectively.
No. Years out of 15 and % of total time that

Year

Perce ntage
of Supply
Each Year

supply was withi.n c e rtain
supply

I

ranges of full

I

Full Supply (%) Yrs. out of 10 Ttl. Time (%)

A:
Basis of One-fourth Loss--Total, 240,000 Acre-feet
1906________________
117
100 or above
7
1907 _______________ _
170
1908 ________________
112
80-99
2

20

i; ~ ~ ~~~~~~~~~~~:~~~~

191 L__ ____ __ _______
1912________________
1913________________
1914________________
1915 ________________ 1

i 83~ ~
107
84
115
75

60-79

1

10

40-59

0

0

10

100

Totals

B:
Basis of One-third Loss-Total, 270,000 Acre-feet
1906________________
104
100 or above 1
5
1907__________ ______
150
1908 __ __________ ____
99
80-99
2

~~~~~~~~~~~~~~~~~~~~
i; i ~~~~~~~~~~~~~~~~~

1913________________
1914________________
1915________________

~~~
~:

74
102
67

70

50
20

60-79

3

30

40-59

0

0

10

100

Totals

22Much is said locally concerning the responsibility for including too much
land in the drainage districts. Th e consensus of loca l opinion seems to place
the responsibility with "the engineers." Delta Area land owners and others
who claim that the engineers were responsible for the inclusion of excess
land are as support th eir claims. by asserting that the engineers were paid on
the basis of land area and therefore did their best to make the areas large
in order to increase their profits.
Although there is probably little if any value to the public in attempting
to fix such responsibility, the question is so frequently raised. as to justify
comme nt here. Certainly, the responsibility for the large areas cannot be
properly lodge d with the engineers alone. It would seem more nearly correct
to say that it r ests with the leadership of the drainage movement. This includes those who circulated and signed the petiti o ns asking for the creation
of the drainage districts, th e county commissioners who h e ard th e p etitions
and th e. arguments for and against the cre ation of the districts and the fi xi ng
of th e boundaries, the public (state and federal) agencies which assisted in
the e ducational work e ssential to th e movement, and finally the several
boards of supervisors of th e districts. It should be noted that a ll of th ese
agencies were active b efore "the enginee rs" were empl oyed and also that th e
public e ducational and research agencies ad,' lse, whereas boards of county
commissioners and supervisors make the decisions.
Many irrigation pr o j ects in th e West have experienced financial embarrassments, if not actual financial failure, because plans h ave b ee n base d on
land areas far in excess of those which it was later found could be irrigated
with available water-supplies.
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Water Provided by the FOUl' Major Canals. The 80,000 acres of
drained land in the Delta Area are dependent directly on the watersupplies of the four major canals: Abraham, Deseret, Delta, and Melville.
These canals supply water also to a relatively small area outside the
drainage districts, the discussion of which for the purpose of this analysis
may be orriitted 23 • Records of the amounts of water diverted by each of
these four canals are complete and reliable for a 12-year period (1920
to 1931, inclusive); they are also fairly reliable for the 4-year period,
1916 to 1919, inclusive. The sums of diversions by each of these canals
are reported in Table 8. Amounts reported are for the irrigation season
and winter diversions are not included.
On the basis of a net irrigation requirement of 2.25 acre-feet per
acre, as already stated, the annual net needs of the drained land would
be 180,000 acre-feet. If the storage, conveyance, and" distribution losses
amount to one-fourth of the total supply the gross needs would be 3
acre-feet per acre, or a total of 240,000 acre-feet. Actual storage, conveyance, and distribution losses during recent years have been more
nearly one-third of the amounts diverted; on this basis, the total needs
would be 3.375 acre-feet per acre, or 270,000 acre-feet for the drained
land.
Columns 7 and 8, Table 8, show the respective percentages of a full
water-supply which might have been available each year from 1916 to
1931 on the basis of one-fourth and one-third losses, respectively, in
storage conveyance and distribution.
On the basis of one-fourth losses, or a total gross irrigation need of
240,000 acre-feet, the data in Column 7, Table 8, are summarized in
Table 9-A, which indicates clearly that on the basis of one-fourth losses
the water-supply was inadequate during the entire length of the period
considered. During one-half of the time it was also adequate for but
approximately one-half of the drained area.
In connection with these facts, it should be remembered that the
actual storage, conveyance, and distribution losses appreciably exceeded
one-fourth of the total amounts of water available.
On the basis of one-third storage, conveyance, and distribution losses,
which is more nearly the true condition, the data in Column 8, Table 8,
are summarized in Table 9-B, showing that during nine years out of the
16 (56 per cent of the time) there was less than six-tenths of a full supply; during two years there was less than four-tenths of a full supply.
The Millard County drain a g "e experience should have public value from
the fact that it illustrates. on e more case in which th e actual cultivated a r eas
many y ears a ft er th e construction of th e proj ec ts were les s than one -half of
the original areas included. This fact, if noted, may be of public value, regardless of wh e r e the resp o nsibility li es f or making th e drain e d areas so
large. In this connection, it should b e n oted that the b e tter lands in West
Millard Area are not contiguous and that in ord e r to provide drainage for
the good lands, it was n ecessary, in some c as e s, t o include within th e ex t e rior boundaries of the district som e "bad" lands. In one district, however,
some lands were includ ed which were in n a tive vegetation (virgin lands),
lands which have not yet b ee n cultivated. Their inclusion in th e drainage district and the construction of drains for th e m, must have been bas ed on implicit confide nce in th e prospective growth rate of th e community and the
n eed for th e land, rather than an impartial and scientific analysis of the
pr osp ectiv e water-supply.
23It sh o uld be not e d that th e e rror m a de by n eglecting th e area outside
th e drainag e districts w o uld tend t o show an a vailable supply for the drained
land that is l a rge r th a n th e true supply. If allowance w e r e m a d e for all of
the low er riv er irrigated lands, the inad e quacy of the wat e r-supply for irrigation of the drained land would be even gre ate r than the foregoing analysis
indica t es.
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The data and analysis indicate quite co nclusively that during the 16year perio d (1916 to 1931, inclusive), the water-supply has been entirely
inadequate to meet the irrigation requirements of the drained land 24 .
Moreover, the records and analysis appear to support the popular conclusion of the farmers themselves, to the effect that during the 7-year
period (1925-31, inclusiv e) the available water-supply has been adequate
for less than one-half of the drained land.
Table 8.

1

Water deliveries to Abraham, Deseret, Delta, and Melville Irri·
gation Companies for each irrigation season, 1916-31, inclusive l •

3

2

4

5

Water Delivered to Each Company
(thousands of acre -feet)
Year

I

Ab . .ham D es e r e t

IDelta

I

Mel v ille

8'

6

Ratio of Totals in
Column 6 to
Full Requirements

Total Water
Delivered to
4 Companies
(thousands
of acre-feet)

240,000

I

270,000

A2
99.0
176.8
74
65
77.8
B3
1916
I
A
105.0
B
75.8
180.8
75
68
1917
A
99.9
B
169.8
71
1918
69.9
63
B
A
91.4
158.2
66
1919
66.8
59
23.8
34.8
74.8
B
133.4
49
1920
56
27.9
1921
26.8
48.3
65.8
62
168.8
70
74
1922
52.8
55.8
35.1
177.0
33.3
66
64.4
51.2
176.0
1923
29.9
30.5
65
73
45.3
27.0
165.6
1924
31.0
62.3
69
61
22.8
41.0
47.4
25.6
136.8
51
1925
57
23.5
34 . 5
43.0
23.5
124.5
52
46
1926
43.3
22.8
117.3
1927
20.5
30.7
49
43
A
1928
39.4
36.3
21.0
96.7
40
36
30.2
40.4
23.1
115.3
48
43
1929
21.6
20.2
28.9
22.5
111.2
46
1930
39.6
41
22.1
1931
13.9
25.2
39.9
101.1
42
38
lFr om r ep orts of Water Co mmiss ione r t o State Engin eer.
2A=included in Abraham deliveri es.
3B = included in D elta d elive ri es.
4If th e total am ounts of w ate r d elive r ed to th e four compa ni es ea ch yea r
had been equal to the mlnlm1UllJ amount es timated as ne cessary, i. e., 240,000
acre-fee t, then each of the figu re s in Column 7 wo uld be 100 and if the total
amounts d elive r ed h a d been equ a l t o th e maximum amount estimated as n ecessary, i. e., 270 ,000 a cre -feet, th en each of the figur es in Column 8 w ould be
10 0. Column 7 shows, f or i n s tan ce, that in 1 91 7 th e tota l a mount o f w at er
deli ver ed was 75 pe r cent of th e minimum amount n eeded a nd Column 8 shows
that it was 68 p e r cent of the max imum amount estimated as n eeded.

I

Net Water Needs Before Drainage vs. After Drainage
The estimates of net water-needs presented in Table 3 represent the
approximate net amounts that should be applied to the soil to produce
maximum crop yields, provided the ground-water is too deep to be a
source of water-supply for the crops. If ground-water is sufficiently near
the land surface to supply appreciable amounts of water to crops without
injuring them , irrigation requirements may be actually less than the
24The extent to which the owne rs of the better lands on which the available water-supplies were used paid th eir d rainage district taxes; th e extent
to which the owners of the non-irrigated la nds failed to pay their taxes has
not been d etermined. It is the consensus of opinion of many p e rsons in the
Delta Area that the own ers of th e be tter lands which were ad equately irrigated paid their taxes fully during the earlier years; a complete analysis of
the records to v e rify or reject this opinion, however, has been beyond the
scope of this investigation.
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amount of water consumed by the ,c rops. When ground-water recedes to
depths beyond which it cannot contribute to plant needs, however, irrigation requirements exceed the amount of water consumed. It is, therefore,
Table 9. Summaries of water deliveries to Abraham, Deseret, Delta,
and Melville Irrigation Companies for the 16-year period,
1916-31, inclusive, and full supply percentages based on total
needs of 240,000 and 270,000 acre-feet, respectively.
NO. Years out of 15 and % of Total Time that
supply was within c e rtain ranges of full
Supply
F 11 S
1 (Cd)
Years out
Total Time
u
upp y
-;0
of 15
(%)
A: Basis of One-fourth Loss--T6tal Needs = 240,000 Acre-Feet
Year

1916................
1917 ........... _....
1918 ........ _.. _....
1919................
1920 .... _.. _....... _
1921. ... _...... _....
1922 ... _.... _.. _... _
1923 ........_....... 1
1924 ... _... _... _....
1925 ... _........ _.. _
1926................
1927 ... _...... _._...
1928 ........... _....
1929_ ..... __ ........
1930 ....... _........
1931. ... _...........

Percentage
of Supply
Each Year

74
75
71
66
56
70
74
73
69
57
52
49
40
48
46
42

I

I

100 or above

\

I

I

0

\

0

80-99

0

0

60-79

8

50

40-59

8

50

20-39

0

0

16

100

Totals

B: Basis of One-third. Lo~Total Needs = 270,000 Acre-Feet
1916 ................
65
100 or above
0
0
1917_ .. _............
68
1918 .. _..... _.......
63
1919 ........... _....
59
0
80-99
0
1920 ....... _...... __
49
1921. ...............
62
1922 ....... _....... _
66
60-79
7
44
1923 ... _.... _.. _....
65
1924 ........... _... _
61
1925 ................
51
40-59
7
44
1926 ... _.... , .......
46
1927 ........... _... _
43
1928. __ ._ .. _.... _...
36
2
12
20-39
1929 .... _.......... _1
43
41
1930 .... _........ ·~_ 1
1931. ...... _.. __ ....
16
100
Totals
38
reasonable to believe that the irrigation requirements will increase somewhat following a general lowering of the water-table either by drainage
or by drought.
Many, if not nearly all, of the Delta Area farmers believe that irrigation requirements of their lands were much greater in 1933 than before
the drainage systems were built.
In order to obtain definite information concerning any change in the
water requirements from 1926 to 1931, inclusive, irrigation company
records were examined and irrigators interviewed. Irrigation company
records show the number of acre-feet of water deliverd to each wateruser each year; they do not show, however, the number of acres to which
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the water was applied. The number of acres actually irrigated each year
by a representative number of farmers was obtained through personal
interviews. The results of data thus collected are presented in Table 10
and Figure 6.
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Because of the lack of an adequate water-supply, most of the farmers have actually irrigated smaller areas of land than they have had
available to irrigate. Moreover, they seem to have spread the water
over a larger area than that which would bring the highest acre-yields.
Table 10. Net amounts of water used on 139 farms in the Delta Area,

Utah, from 1926-31, inclusive.
Tract

~t

f::a

I I I
Farms (Acres)

District No. 1
District No. 2
District No. 3
District No. 4
Not in Dists.
Averages
1

15 1051
17 2008
82 2232
11 1386
14 .. ... _-------- 1-------- 1

I

Net Amount of Water Used
(Acre-feet per Acre)
1926

1 1927

1.00
2.14
1.71
2.13
2.09
1.81 1

0. 92
1.64
1.46
1.57
1.76
1.47

1 1928

I

1 1929

1.12
1.48
2.16
1.93
1.71
1.95
2.13
2.57
1.78
2.42.
1.78 1 2.07

Aver-

11930 1 1931

I

1.60
1.93
1.92
1.97
2.28
1.94

1.56
1.93
1.98
2.07
2.72
12.05 1

age

1.28
1.96
1.79
2.07
2.18
1.86

Some of the conditions which apparently stimulate the spreading of
the available water-supplies over the largest practicable area are:
1. Areas that could be adequately irrigated during the wet cycle
of years immediately preceding the period of record were relatively large
and farmers were reluctant to decrease their areas, especially since alfalfa constituted the major crop.
2. A thin spreading of the water in the hope of maintaining the
alfalfa "stand," of getting the maximum production for each acre-foot
of water, and of the possibility of a crop of alfalfa-seed is a natural consequence of the conditions from 1926 to 1931, inclusive.
3. During the early parts of any dry season, farmers are hopeful
that improved water-supply conditions may come before the end of the
season; this hope has also eD&ouraged the practice of spreading the
water over as great an area of land as practicable.
Data in Table 10 and Figure 7 show a well-defined tendency to increase the amounts of water actually used on the land each year in Districts 1 and 3 as well as on land outside of the districts. Data for Districts 2 and 4 show neither regular increase nor decrease.
The practices of a few farmers whose lands are well-adapted to the
production of alfalfa hay and grain crops show definite and substantial
increases in the annual amounts of water used per acre. For instance,
one of the most successful farmers in District No.3 , upon finding that he
could no longer depend on alfalfa-seed, increased gradually the amount
of water · applied to 75 acres from 100 acre-feet in 1927 to 200 acrefeet in 1931. The amounts applied each year from 1927 to 1931 in
acre-feet per year were 1.33, 1.74, 2.14, 2.40 and 2.67, respectively .
.some irrigators have doubtless increased the net amounts of water
applied by decreasing the areas irrigated with a given amount of water.
Each irrigator is at liberty to apply the water at his disposal to the
area of land that he thinks will bring him the maximum return. If he
feels that it is not advantageous to use his water on all of his land he
will apply it to a smaller area.
The average area of land irrigated from 1926 to 1931 by each of the
farmers interviewed is shown in Figure 7, which indicates that in Dis-
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trict No. 1 the farmers irrigated an average of approximately 52 acres
in 1926 and approximately 61 acres in 1927. It will be noted that in
Drainage Districts 1 and 2 there was a marked decrease in the area
irrigated by each farmer fr om 1929 to 1931 and that there was a slight
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decrease in Drainage District 4. These data also seem to confirm the
popular belief that net irrigation requirements have increased as a result of the general lowering of the water-table, due to drainage and
drought and the production of more alfalfa hay and less seed.
It is of interest to note, however, that the net amounts applied are
lower than the net amount indicated as necessary for satisfactory crop
production. The net amounts applied to the lands within Drainage District No. 1 are especially low, possibly too low for the most economical
returns from the available water-supply.25
Careful consideration of all data collected concerning the relative
net irrigation requirements before drainage and after drainage and of
all influencing factors apparently substantiates the conclusion that drainage and related factors have contributed to an increase in such requirements on some of the farms. However, the increase in net irrigation
requirements is probably neither as great in amount nor as general in
extent as many of the Delta Area irrigators have been led to believe.
Alleged Over-drainage

Some of the Delta Area farmers feel that the area is "over-drained";
they seem to fear that the so-called "excess drainage" has resulted in
more or less permanent harm to this locality. Most irrigation and drainage authorities feel that there is no such thing as over-drainage of irrigated land: that the best irrigated lands are those having the best
drainage-natural or artificial. This point of view is supported by the
fact that large crops are produced on irrigated lands having no watertable within a depth of 100 feet or more below the surface. It is undoubtedly true that many western lands do produce abundantly, despite
the complete lack of any water whatsoever from underground sources,
provided a sufficient amount of irrigation water is applied whenever
needed. On the other hand, it is also true, as already indicated, that
under favorable soil conditions crops obtain some water from some underground sources where the water-table is kept within a few feet of
the land surface, which may appreciably reduce the net irrigation requirements. Therefore, when those crops which may have obtained water
from some underground source, as under the most favored soil conditions in the Delta Area, are deprived of water from this source as a result of a general lowering of the water-table (caused partly by drainage
and partly by drought), it is not surprising that landowners conclude
that decreased crop yields are due to alleged "over-drainage." In many
parts of the Delta Area alkali conditions were such, before drainage,
that when the water-table would rise to levels high enough to be helpful in providing water from underground to crops, the resulting harmful accumulation of alkali at and near the surface of the soil would
completely offset the seeming advantage of obtaining water from underground. It is not difficult to understand that the long period of low
precipitation and stream-flow following the installation of drains has contributed to a belief in "over-drainage," when it is remembered that in
25Th e re se e ms to have b e en a tendency for farmers to over- e stima te the
area of land actu a lly irrigate d with th e limite d wate r-supply. This t e nd e ncy
would contribute toward making th e n e t am ount r e ported lowe r tha n th e tru e
n et amount.
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some parts of the drained area the water-table has receded to depths
several feet below the drains. Increasing the supply of water, improving the methods of irrigation, and attaining higher efficiencies of water
application-all of these things will do much both to obviate the apparent disadvantages of so-called "over-drainage" and to convince the
farmers that for Delta Area soils, as well as for other similar soils in
which it is important that alkali be leached through the soil and carried
away in the drainage water and that there is no such thing as "ov erdrainage."
Future Water-supply
As a result of the long period of low precipitation and low stream
flow (1925 to 1931 and later), many of the ' farmers of the Delta Area
hav e come to believe that a permanent reduction in the water-supply
has occurred. This is probably an extreme viewpoint which will not be
supported by the test of time. It is difficult, if not indeed dangerous,
to attempt to make positive predictions as to the future water-supply,
but it is just as unreasonable to expect the present drought period to
be permanent as it was in 1916 to expect the high-water conditions
of the years 1906 to 1915, inclusive, to be permanent. One prediction
which can be made with a considerable degree of certainty is that
through the years to come there will be cycles of high-water years and
cycles of low-water years. Just how many years will be included in each
of these cycles cannot be predicted with certainty. The best that can
be hoped for is to base water-supply forecasts on a vailable records covering the period for which reliable measurements have been made. The
long-time records ( for nearly one-third of a · century.), of the Lower
Riv er yield, together with the experiences of the past seem to form a
sound basis for the belief that a cycle of wet years may be expected in
the near future , that during the wet years to come, the drains in parts
of the Delta Area will a gain be urg ently needed, and that a gain there
will be a strong temptation to forget the dry periods and to make unwarranted irrigation expansion; that during a part of the time in the next
25-y ear period the annual water-supply will permit the irrigation of
much more land than has been irrigated from 1925 to 1931; that until
long-time carry-over storage from season to season is proved to be both
physically feasible and economically attractive, any long-time financing
of inv estments should not ov erlook the fact that during a part of the
time (possibly 20 to 30 per cent or more) extremely dry periods will
occur which will temporarly reduce , if not eliminate, collections from
farm incomes on assessments or on taxes to pay funded indebtedness.
IDLE LAND
The term "idle land" is commonly applied to la nd within irrigation or drainage projects and which is neither cultivated nor productive. Good pasture lands aTe productive and hence are not classed as
idle land.
One of the common and major sources of disappointment to leaders of irrigation and drainage enterprises is the fact that those lands,
which it was intended to make productive soon after the irrigation or
drainage works were completed, have remained idle for many years.
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Almost without exception, failure to make all, or nearly all, of the land
included in irrigation and drainage districts productive contributes to
financial difficulties of such districts. Small percentages of idle land
may not cause serious financial troubles but large percentages, such as
exist in the Delta Area, almost invariably cause such trouble.
In general, if all lands were equally and highly productive and if
water-supplies were adequate, the problem of idle land would be largely solved. But the poorest, or the least productive, lands become idle
first, or remain idle from the outset26 , and as economic and water-supply
conditions become more unfavorable larger areas of the less productive
lands become idle.
In Millard County drainage districts appreciably large areas of
land have been continuously idle, and both of two major factors have
contributed to their idleness: (1) Lack of productive capacity of the
poorer lands, and (2) lack of an adequate supply of irrigation water for
all land drained.
The laws of some states provide that all lands in a given district
are responsible for all district obligations. In such states the bondholders are said to have a "blanket lien." Where a blanket lien exists,
the owners of the productive lands are called on to pay the deficiencies
created by the fact that some lands are idle. Thus, the owners of productive lands are the first ones to be penalized because of the occurrence of idle land.
The Supreme Court of Utah rendered a decision to the effect that the
law does not provide for a blanket lien21 • The language of the court
bearing on the liability of landowners is forceful and direct and is as
follows:
"Other details of facts need not be stated because the matter is submitted for decision upon the single question of whether any tract of
land of the district may be taxed for a sum exceeding the amounts of
benefits assessed against it."
"To say that one landowner in the district should be taxed beyond
the benefits received by him to pay for the default of another offends
not only against justice and reason, but is repugnant to the constitutional guaranties. All persons dealing with drainage districts are charged
with knowledge of their legal powers and limitations; and the limitations of the liability of the land-owners, in a drainage district in this
State for taxation for district indebtedness, is the amount of benefits
accruing to his land, which the State requires to be determined, and in
the case of bonded indebtedness, certified before the indebtedness is
created."
In the Delta Area the owners of productive land are, therefore,
liable only for the amounts of benefits originally assessed against their
lands. If a large percentage of the land in these districts remains idle,
it is highly probable that defaults in the payment of district obligations
may be expected within a few years. Detailed in formation concernin g
lands that were idle each year following the completion of the drainage
26Lands which have n e v e r b ee n irri g ate d or culti vated w e r e in clud e d in th e
drainag e districts. L o ca l l e ad e rs whos e opinions command r e sp e ct a ss e rt that
. the inclusion of non-irrigated and non-cultivated lands in the drainag e districts constituted a serious mistake.
27Bessi e A . Campbell vs. Millard County Drainage District No. 3, 269 Pac.
1023. (See also Cottrell vs. Millardi County Drainage District No.4, 199 Pac.
166.)
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systems is not available, but detailed surveys were made by the Utah
Station in 1919 and 1932.
Whether or not the idle land could have been reduced early to a
negligible area, provided there had been a sufficient supply of ' water
every year, would depend' on the soil characteristics of the entire area.
In other words, are all lands of such character that they might have
been cultivated with profit, provided there had been sufficient water? If
not, what areas would have remained idle due to poor qualities of the
soil? These are questions to be considered in the second division of this
study (Soil Conditions). Suffice it here to state, as indicated on pag es
35 to 45, that even if the land were all of good quality (which it is not),
significantly large areas must necessarily hav e remained idle since 1924
due to inadequacy of the water-supply.
CROP PRODUCTION AND FAILURES
No detailed consideration has been given to crop production or to
crop failures as a factor in the financial situation in Millard County.
However, the work of other representatives of the Experiment Station
and general observations in the field justify the statement that during
recent years (probably since 1926) there has been a serious reduction of
the alfalfa-seed crop, the major cash crop of this area. Some farmers
believe that the reduction in the seed crop was caused by the drainage
systems; others believe that climatic factors beyond human control hav e
caused the decline. No convincing information has come to the author's
attention to support the belief that the drainage systems hav e caused
a decline either in alfalfa-seed or in crop yields in this area. On the
other hand, they have probably increased the productive capacity of these
soils. In any event, the fact that the seed crop has seriously declined ,
if not actually failed, has g reatly decreased the capacity of many of
the land owners to make payments of taxes on the lands for drainage
or for other purposes.
At the time the drainage systems were being developed and constructed it was believed that sugar-beets would become an important
cash crop in the Delta Area. A sugar factory was built in 1917 near
Delta. It was decided, in only a few years, that this area was not especially adapted to the production of sugar-beets and the factory was
removed. ,sugar-beets now constitute a minor crop.
DELTA AREA DRAINAGE COSTS
Bond Issues
The four drainage districts of the Delta Area have issued bonds
in an amount slightly more than $3,000,000. Based on the drained
area of approximately 80,000 acres and on the aggreg ate cost of $3,000 , 000, the approximate drainage acre-cost would be $37.50 , whereas,
based on the net area cultivated in 1932 (36 ,000 acres), the acre-cost
exceeds $83.
Construction work on these drainage projects was done largely during a period of rising prices. Each drainage district found it necessary
to issue bonds twice and one of the districts v oted and sold three bond
issues in order to complete its drainage work.

Table 11. Information concerning Millard County drainage district bond elections, including amounts and proceeds
from sale of each bond issue.
1
2
3
4
5
6
I 7 I
8
9
10
11
12
Distri c t and
Approximat e
Acreage

Bond
Issue

Rat e of
Int erest

Amount of
Bonds
(Dollars)

Date of
Bond Election

(% )

For

(1)

5,240

,

I
I

1
July 27, 1915
2
April 30, 1919
3
April 29, 1922
I Total I

(2)

1
2

August 4, 1917
April 2, 1921

22,800
, Total ,
(3 )
44 ,000

( 4)
10 ,360

I April
March 16, 1918
2, 1921

1
2
, Total ]
,
, 1 I
I 2 ,
, Total ,

I

I
,I
I

60 ,000
150,000
65 ,000
275,000

I

I
,I
,

:1

450 ,000 2
170 ,000 ,

I

,I

,
620,000
,
,000
,, 1,250
440,000
, 1,690,000

February 26,1919 "
October 15, 1920 ,

,

310 ,000
150 ,000
460,000

6
6
6

I
j

136
136
136

5

262 8
262

6
6

567 6
567

,

I,
,

,

I

I ~~ I
I

4
18
12

6
6

253 7
253

8
21

\ 77
75

I
I

,
f

I' 62

I Against

I
71
6

Percentage of
P ossibl e Votes

Votes Cast

No. of
Qu alified
El ec tors

,

\

I

I

45
49
24

29
29

I Aga
inst
Bond s
I

3
13
9

3
8

,

/ 160
, 115

I

F or
Bonds

~~

I
I
I
\

I

P ercentage
of Par for
Which Bonds
We re Sold

I

I

Net Proceeds
of Sales
(Dollars)

t::::1

I
___ A

------ -

II

.--------- - -------.---

243,720 3
100
90
90

9
30

28
20

2
5

100
90

8
4

23
5

3
2

92.5
85 4

450,000
99,000
54,000
603,000
1,250,000
396,000
1,646,000
286,750
127,500
414 ,250

1Afte r 10 years the int e r e st rate was to b e reduce d to 6 p e r cent per a nnum.
20f th e $4 50,000 (Dis tr ic t N o. 2) , an amount of $55,845 was charged to pay interest co up o ns du e on or b efore final payment
of issu e on F e b ruary 1, 19 22.
8The audit by R. C. Carey shows t otal cash r eceipts of $207,720 to Jun e 30, 1925. Bonds in am o unt of $36,000 were traded on
construction work.
4Th e actual cash y i e ld was co nsid erably l es s th a n 85 p e r cent. Th e record is not clear. (S ee discussion co nc e rning bond r e ceipts for Distri c t No.4 .)
!!Millard County Court R e c o rds, D ece mb e r 10, 1913. List of l and -own ers.
6Assessm e nt Roll, May 7, 1918 (approx imate ).
7Number signing the p e tition for the creation of the district.
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The dates of each of the several bond issues and the amounts of
each issue, together with other pertinent data concerning the bonds of
the districts, are presented in Table 11.
District No. 1 voted its first bonds on December 15, 1913. The
amount of bonds first voted was $35,000, but these bonds were not sold.
As shown in Table 11, District No. 1 voted three additional issues of
bonds on July 27, 1915, on April 30, 1919 and on April 29, 1922, making the total bond issue equal $275,000, which is nearly 4.6 times the
$60,000 with which it originally expected to accomplish the drainage of
its lands and to pay all organization expenses.
Table 11 shows that Districts Nos. 2, 3, and 4 issued bonds in the
total sums of ~ 620,000, $1,690,000, and $460,000 respectively.
District No.1 constructed two drainage systems: The first one, which
cost substantially the amount of the first bond issue ($60,000), was considered to be of inadequate capacity; the second system was constructed
at a much larger cost. Two additional bond issues were required to construct the second drainage system. Hence, the ultimate bond obligation
was approximately 460 per cent of the amount first authorized. Considering only the second drainage system built by District No.1, which
necessitated the last two bond issues, the sum of the two issues ($215,000) amounted to 143 per cent of the first issue for the second drainage system.
Similar comparisons for each of the other three districts show that
the total bonds issued were 138 per cent, 135 per cent, and 148 per cent,
respectively, of the amounts first issued.
E ven when general price levels remain rather constant during a
construction period, it is extremely difficult to estimate accurately the
costs of constructing drainage systems. Because so many non-predictable
elements are involved in the making of trenches and the laying of tile in
wet land, it is essential to make liberal estimates to cover unforeseen
difficulties. Construction obstacles inherent in drainage, together with
the rising price levels during the construction period, doubtless contributed toward the need for additional bond issues. In the Delta Area
drainage bond issues, all cost factors combined, together with the results of underestimating, caused increases fr om 35 to 48 per cent in
three of the districts and 360 per cent in one of the districts.
Columns 6, 7, and 8 of Table 11 show the number of qualified electors 2S as well as the votes for and against each of the bond issues in
each district. It has been difficult to determine the number of qualified
electors with precision; the number given should, therefore, be considered as approximate. The numbers of votes cast for the bonds and
against the bonds as reported in Columns 7 and 8 are believed to be correct. The percentages of possible v otes are given in Columns 9 and 10.
Data in Columns 7 to 10 of Table 11 indicate a decreasing interest
or confidence in bond issues as time advances. In District No.1, for
example, the percentages of total votes cast opposed to bonds ' were 5.9
in 1915, 21.2 in 1919, and 26.7 in 1922; of the total number of qualified
electors, 48 per cent voted in ' 1915, 62 per cent in 1919, and only 33
per cent in 1922. In District No.2, the percentage of total votes cast
28As used, the term "qua lifi ed electors" is subj e ct to explanatory Footnotes
5, 6, and 7 for numbers given in Column 6, Table 11.
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against bonds was 9.4 in 1917 and 21.9 in 1921; of the total number of
qualified electors, 32 per cent v oted in 1917 and 37 per cent voted in 1921.
In District No.3, of total votes cast in 1918, 5.3 per cent were
against bonds, whereas 20.7 per cent were against bonds in 1921; of the
567 (approximate) number of qualified electors 30 per cent voted in the
first election and 25 per cent voted in the second election.
In District No.4, of total votes cast in 1919, 12.5 per cent were
against bonding; in 1920, 25 per cent voted against bonding; of the 253
qualified electors, 26 per cent voted in the first election and slightly under
7 per cent in the last election.
Direct Drainage Costs
Although the total costs of the several drainage systems are represented approximately by total bonded indebtedness (as presented in
Table 11), an attempt has been made to find a more accurate record of
the costs and also to classify them . Data in Table 12 29 show the costs
divided into six classes: (1) Direct construction, (2) supervision, (3)
engineering, (4) legal, (5) bond discounts, and (6) other or miscel~
laneous costs.
Line 7, Table 12, shows that the sums of the classified expenditures
are less than the amounts of the bond issues, excepting District No. 1.
It is highly important, however, to keep in mind the fact that Line 7
does not include interest on bonds during the time of construction-a
cost item of vital significance to the land owner who is expected to make
his land pay for the drainage improvements. Interest during the construction period of irrigation and drainage ' projects should always be
included in the original estimated capital costs30. In other words, all cost
items incurred before irrigation water is made available to the land, or
before drainage systems are completed and functioning so that the lands
are capable of larger and more reliable crop production, are really part
of the capital cost and should be included in first estimates. However,
even excluding interest during construction, Line 7 shows costs far in
excess of the original estimates.
Line 8-a shows gross area within each district, as reported by Hart and
Adams 31 and Line 8-b shows the net cultivated area in each of the districts for the year 1932, as measured by the Soils Division of the Utah
Station.
A striking situation is evident in the examination of Lines 9-a and
9-b, showing the respective acre-costs based on gross area and on 1932
cultivated area.
A factor of paramount importance to the financial success of irri29Cost data, have been obtain ed large ly from the r eports of auditors for the
districts and from annual r eports of district officers. The accounts of District 1
have b een audited once; those of District No. 2, twice; and those of District
No.3 , e ight tim e s. District No.4 has had no audit to date (1933); its cost data
w e re obtained from original records.
30The practice of including inte rest which has accru ed at the start of op e ration of engineering proj ects, as a cost of construction, is well-establish ed.
The administrators of the Federal R e construction Finance Corporation and of
the National Recovery Act have designated interest during construction as a
cost of construction. Authoritative books on engineering economics also state
that interest during construction is properly a part of the construction cost.
For irrigation and drainage, the practice is especially important because of the
length of time required to make the projects operative.
31Progress Report, Millard County Drainage Investigation. January 1924
(not published).
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Table 12.

Millard County drainage district expenditures during period of construction, divided approximately intu
several classes, i. e ., direct construction, supervision, etc., together with the unit costs per gross acre and
per cultivated acre for each district.

District No.

1

I

Class

II
Cent
Pe,

Amount

7,883
14,785
I 2,965
I 29,103
1,434
1

I

7 -Total Costs 1
8-Area:
(a) Gross
(b) Cultivated2
9-Drainage Costs3
( a ) Gross A1'ea
(b) Cultivated

I Amo.unt I Cent
Per I

I

79.5 ,,$495,345
6,636
2.9 "
20,710
5.4 " 10 ;726
1.1 II
10.6 n 17,000
23,072
0.5 "

"

II

3
Amo.unt

II
89.0 1111.411.084
0.1
3.7
0.2
3.0
4.0

16,218
54 ,9 87
14,244
44,000
50 ,941

4

All Districts

Cent
Per

"
I Amount I Cent
Pe, I Amount

88.7
1.1
3.5
0. 8
2.7
3.2

$356,670
6,599
12,128
5,143
I 45,750
I 29,862

"

II

I

Per
Cent

78.2
11~ 2.482.262
1.4
37,336
2.7 1\
1.1 I
10.0 "
6.6 II

5,240
3,244
$
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I

1

------ I

:::::: 1$

------ 11
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85.8
1.2
3.5
1.1
4.7
3.7

102,610
33,078
135,853
105,309

1$ 2 7 5,3 3 3 1100.0 11$ 556,489 1100 .0 11 $1,591,474 1100 . 0 11 $ 45 6,15 2 1100 .0 n$ 2,896,448 110 O. 0

I

District 1:
District 2:
1925" (Co.sts to.
District 3:
District 4:

II

"

1-Direct Construction 11219.163
2-Supervision
3- Engineering
4- Legal
5-Bond Discounts
6-0ther Cost Items

2

~
"d
t"l

~
~

t"l

~

1-3
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~

o

~

22,800
6,301
24
88

44,000
21,288

------

-- --------::::

11$

36
75

------ I
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:::::: I '

10,360
5,191

-.----_ . ---

44
88

___ ___
______

82,400
36,024

//$

--- -- ------

35 / __ ____
80
______

I

1
"
I.i.n es 1-5, fro.m audit May 1, 1914; June 30, 1925. Sch edul e 4 (costs to. Jun e 30, 1925).
Lines 1-5, fro.m "Financial info.rmatio.n o.f Millard Co.unty D. D. 2 fro.m beginning o.f o.peratio.ns up to. Ma.y 15,
May 15, 192 5) (In a nnual repo.rts).
Lin es 1-5, fro.m audit March 31,1927; August 31,1928; page 8 (Co.sts to. August 31, 1928) .
Lin es 1-5, fro.m o.riginal jo.urnal.

lIn all districts (1, 2, 3, 4) this table co.ntains all available Co.sts except interest o.n bo.nds during time o.f co.nstructio.n.
2Areas fro.m 1932 cro.p survey by Utah Agricultural Experiment Statio.n.
3Drainage Co.sts=per acre.
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gation projects and drainage districts is actual cultivation of the improved lands and harvesting of crops from a substantially large percentage of the lands included in the projects. In the Millard County
drainage districts, however, approximately 15 years from the time
drainage construction was well under way, the cultivated and c-ropped
area in each district is so limited as to make costs completely prohibitive
for the cultivated areas only. Acre-costs based on the gross areas within the districts constitute only 62, 28 , 48, and 50 per cent, respectiv ely,
of the costs based on the 1932 cultivated areas.
It is apparent from data in Table 12 that the low percentage of
cultivated lands in these districts is one of the important factors contributing to financial difficulties. On the other hand, the rather large
acre-cost for three of the districts, and particularly for Districts Nos. 1
and 4, would have placed a substantial burden on the land, even if the
entire areas within the districts had been CUltivated. The relatively high
acre-costs in District No. 1 resulted in part not only from the fact that
two drainage systems were built but further because the second system was originated, and built in part, during the years of especially high
after-war price levels. This latter factor applies also to the costs of
District No.4. It will be noted, in addition, that the bond discounts in
Districts Nos. 1 and 4 were relatively high.
Cost Estimates and Increases
Available records relating to the early estimates of the cost of
drainage for District No. 1 are not complete, but estimates, as reported,
have been confirmed by land-owners of the district.
During the fall of 1914 the late Engineer C. F. Brown· submitted to
the Board of Supervisors an estimate of $47,874 to drain 5320 acres,
i. e., an a verage cost of $9 per acre of gross area.
On January 7, 1915, Engineer L. C. Stubbins submitted a preliminary
estimate of $50 ,000. In response to this estimate Mr. Stubbins was
requested by the Board to reduce the size of tile so as to make the
estimate come within $40,000.
On January 23, 1915 , after extended conference of the Board of Supervisors of District No. 1 with Engineers L. C. Stubbins and John C.
Wheelon concerning the preliminary design submitted by Stubbins, the
size of tile was reduced and length of laterals increased and estimates decreased.
Finally "the revision was approved by the Board of Supervisors and
John C. Wheelon, and accepted by Mr. Stubbins."
A careful study of all of available early records of District No. 1
leads to the conclusion that the district land-owners and the officers,
after several years of preliminary · work, expected to complete the required drainage construction at a cost of less than $10 per acre. Moreover, the records of the deliberations and official actions of the district
officers give convincing evidence that special effort was made to protect the district from excessive or unnecessary expenditures of any kind.
The difficulties and the disappointments of the early .District No. 1 officers were numerous. They traveled an uncharted road. They did not
"Succeed in commanding continuity of services of either engineering or
legal authorities. During the construction period they employed six en-
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gineers and three attorneys. As shown in Table 12, their acre-costs for
engineering and legal services are relatively high. Their ultimate acrecost for engineering, legal services, and supervision, based on the area
cultivated in 1932, is nearly $8, which is well above 80 per cent of the
per-acre construction costs contemplated early in 1915. Their extraordinary efforts to be economical and conservative did not leave any permanent influence with the district land-owners, who were impatient because of the delays in the accomplishment of "complete drainage." Results were unfortunate and ultimate expenditures for the two drainage
systems were in all probability much in excess of the expenditures
which the productive capacity of the land would justify.
The inadequacy of the capacity of the drainage system first constructed was used as a basis for vigorous criticism of the engineers32
320pinions of engineers differed sharply as to the necessary capacity of the
drains:
The opinion of the Senior Drainage Engineer, U. S. Department of Agriculture, concerning the inadequacy of the capacities of the drainage system as
stated in a lette r d a ted September 21, 1917, is given on page 24.
On July 20, 1918, John C. Wheelon wrote to the Board of Supervisors a .s
follows:
"Regarding your tile capaci tes, I have often seen cases where the ground
was so full of water that it required a long time to draw 'o ut the excess, or
free waters. I would not · be in a hurry to In,crease the capacity.
"It should be remembere d that the drainage work has only started. The
reclamation, the treatment of the land after drainage, is the largest portion of
the work. Careful leveling and floating, working the mineral off or, better,
working it back into the soil, and especially the care in the use of the irrigation ,vater.

"Where tiles, are overcharged th ey can be relieved by using less water on
the surface. Turning the waters out of th e canals when not irrigating helps u
good deal.
"If it is deemed desirabl e you can double your lin e s and still be within the
lineal feet of tile per acre and the cost p e r acre that most other districts have
used. I therefore had hoped that your experience would show that we could
all use less tile at less cost."
The water-yield of the Lower Sevier River in 1917 was extremely large
and the n eed for drainage was doubtless accel erat e d. Th e dissatisfaction of
District No. 1 land-owners with the functioning of the flrst drainage system
is reflected in a letter dated July 25, 1918, written by its secretary to J. C.
Wheelon. Extracts from the letter follow:
"Our p eople think it inadequate, the tile too small and the lines too far
a part, and they are very anxious for effective drainage. Their livelihood depends upon successful drainage. In their discontent, they are encouraged by
some e ngineers and· others a nd our lot here is so'm ewhat hard to bear . . . .
"We went to you in the beginning and we followed your advice carefully
as far as we know. We must try and arrange some way to have you look it all
over a nd see if we hav e mad e any mistakes and t ell us what further to do,
and then if we must lose you-get another engineer and have a confe rence
b e tween yourself and him and thus b e nefit by your judgment. We congra.tulate th e Twin Falls Canal Co. in securing your services, and we hope they will
appreciate our n eed of you for a f e w days and at the most convenient time (in
th e n ear future) l e t you come in and see us. When you come we will go over
everything as carefully as we can, a nd lih e up future work and get our
engineer with you, and the n in a public meeting, outline our plans-listen to
complaints, answer qu es tions-clear up misunderstandings, and get ready to
finish up successfully our drainage.
"Mr. Whee lon, we feel that it will b e for your good as well as ours for
you to come and meet with the p e ople, for serious charges are hurled against
you as well as against us. We 'must answer any question that has m e rit and
correct the faults of our system if there are any, and defend all that is right
and nothing more. Tell us that your company has consented to spare you a
few days and come to our rescue. Would you like Mr. R. A. Hart to come and
meet with us while you are here ? Can you name a good engine er to take your
place-would you outline any additional work we need and also stay with us
and be our construction e ngine er?"
,
The conservative attitude of Mr. Wheelon is illustrated in his reply to
Mr. Wright, Secretary of the District, dated August I, 1918, which follows:
"I am sorry that the dissatisfaction of the farmers has led them to give
vent to serious charges aga.inst myself or anyone else in connection with the
work, and I surely would not enjoy working for anyone who embraces th e
opportunity to hurl serious charges against me. You know I and others are
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who were responsible for it. But, as far as the records indicate, little
or no thought was given to the fact that the entire Delta Area was passing through a cycle of wet years and that a drainage system, then overtaxed, might be of adequate capacity within a short time.
If the land-owners of District No.1 had been able in 1918 to foresee
the water shortage that has prevailed since 1924, they would probably
have been content to tryout the low-capacity drainage system for a few
years before authorizing a new system at a cost of approxi.mately two
and one-half times the actual cost of the first one. But the need for
drainage was urgent, prices of farm products were high, immediate
losses due to lack of soil productivity were apparent, the leadership of the
drainage movement encouraged "complete drainage", the recollections
of the dry years of 1901 to 1905 were clouded, if not obliterated, the
accuracy of the records of river discharge during the dry years was questioned: All of these things, together with the fact that State and Federal
public agencies urged more food production as a means of national
security, led the land-owners to create additional indebtedness of $150,000 to· provide "complete drainage".
During 1919 and early 1920 materials and labor costs were unusually high, and it soon became evident that still more money must be had
to complete the drainage system; accordingly, in April 1922 an additional $65,000 bond issue was authorized. Hence, during the 8-year period,
1915 to 1922, inclusive, the land-owners of District No. 1 listened to
estimates and re-estimates that grew nearly 500 per cent. It is problematical if the ultimate indebtedness could have been paid in full from the
products of the land, even if price levels had remained reasonably constant and firm. That they cannot be paid in full is now quite generally
recognized.
working only as hired men and are doing our very best. Your district has
attempted to drain your district at l ess cost than other districts and we are
much interested to l earn whether or n ot we have been putting too much money
into ours. If you can succeed we will change our plans and put in less work.
. . . . . In the Bear River Valley our work comprises from 95 to 107 lin eal
feet of tile per acre.
"The great and only question is, does drainage assist in reclaiming the
l a nd and are th e farmers WIlling to no th e agncu ltul'al work necessary in
floating, leveling, and training and using the irrigation waters, to make tile
drainage a success? If th e fault lies only in the fact that only partial success
is ha.d, th en we should do more of th at which seems to promise the best
results.
"We are now going into districts here on this project that have been
drained once, and we are going into rock work, taking up tile that was
thought to be ample, gOing deeper and putting in larger tile and making new
lines and installing more lineal feet per acre, at a cost of $75 to $100 per acre.
I have never h eard a word of criticism upon any of my predecessors or their
work.
"I do not think yo u need a consulting Engineer. Your Engineer can det ermi n e if the drains are l ai d on absolute grade, are in complete alignment,
and if they are not used as a dump for the farmers' waste waters in th e
fields and if the farmers are leveling and irrigating their lands with due regard to the reclamation. work. We are dealing with an invalid, and the
nursing is as essential as any of the other works.
"Yo ur own Engin e er can do this better and advise m ore promptly than a
visitor can.
"If you want to send your Engineer to me I will show him over our works
h ere and he can t e ll me how your work acts and come back and advise you
what to do. I shall be pleased to see him or any of your committ ee and treat
you to a visit over th e work w e are trying to d o h ere.
I am, very respectfully yours,
J. C. Wheelon."
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ULTIMATE ANNUAL IRRIGATION AND DRAINAGE COSTS
The ultimate costs to the owners of the more productive Delta Area
lands, under the drainage district law and the court decisions interpreting the law, are the fuB amounts of the original assessments
of the benefits because of the failure of owners of appreciably large areas
to pay their proportion of construction and other costs. If all land-owners
had paid the amounts assessed against them from year to year for drainage purposes, then none of the owners would have been forced to pay
the full amount of the assessments of benefits; the totals of the construction costs in each district, as shown in cost data to follow, were
well under the assessments of benefits in each of the districts.
Irrigation and drainage assessments may temporarily be paid from
revenues other than those obtained from the land. Mortgagees and other
interested persons who have confidence in the ultimate soundness of
irrigation or drainage projects will advance for a few years the funds
required to pay irrigation company stock assessments and drainage
district taxes in the hope of protecting their equities, even though the
production from the land is temporarily insufficient to pay all costs. But
such practices cannot continue indefinitely. The time will come' when
the ultimate annual costs must be paid from the products of the land,
if paid at all.
Because of this fact, an attempt is made to estimate the ultimate
annual irrigation and drainage costs in the Delta Area on the basis of
cultivated land areas. These costs include combined interest and sinking
funds , together with operation and maintenance of both irrigation and
drainage pr ojects. Considering t h e entire Delta Area as a unit, irrigation
and drainage costs may be summarized as f ollows:

Combined bonded debt (irrigation and drainage) ___ _$3 ,445 ,000
Annual interest at 6 % _____ _______ __ ____ _______ ___ ___ ___ ______ _______ _ 206,700
Sinking fund to amortize in 40 years at 6 % _______ __ ___
22,600
Sum of annual interest and sinking fund ____ ___ _____ ___ ___
229,300
Annual iIiterest and sinking fund per acre based
on 41,000 acres of cultivated area __ _____ ________ ___ __ ___ __ ___ ____ ____ ____ ____$ 5.59
Average annual operation and maintenance of the
drainage districts per cultiva t ed acre 33 __ _______ _____ __ __ __ __ _______ ____ ___ 1.00
Average annual operation and maintenance of the
irrigation projects per cultivated acre 34 __ __ __ _______ ___ _______ ____ __ __ ____ _ 1.50
TOTAL ANNUAL COST PER OULTIVATED ACRE. ______ ____ _____ __ ___ _$8.09
It is evident from these cost data that in order to maintain and
operate the irrigation and drainage systems as heretofore and also to
pay 6 per cent interest as well as the sinking fund required to liquidate
the irrigation and drainage debt in a period of 40 years, it would require
approximately $8 per cultivated acre per year to payoff the debt; in a
20-year period it would require nearly $10 per cultivated acre per year.
It should be noted that the given amounts do not include any
allowance for interest on the value of the water-stock. At $25 per share
(a conservative average value at normal price levels) , this interest would
liThe 1932 cultivated area is used as a basis for each district. but the
actual ope ration and maintenance costs are based on lo.n g-time records-from
9 to 16 years. Data for Drainage District No.3 are not included.
afB a s ed on long-time records of costs and estimates of irrigated areas 'for
three of the four irrigation projects. D eseret Irrigation Company is not
included.

DRAINAGE AND IRRIGATION CONDITIONS, DELTA AREA

i'

57

amount to $ 3 or more per acre on the basis of two or more shares of
water stock needed for each acre. Hence, in order to pay in full (interest
and principal) the bonded irrigation and drainage debts, the ultimate
average annual irrigation and drainage costs, for a period of 40 years,
would be approximately $11 per cultivated acre, provided the cultivated
area remained substantially as in 1932. The average annual cost of $11
per acre does not include either penalties due to delinquencies or unpaid
past-due interest; it, therefore, represents approximately the average
annual per acre irrigation and drainage costs assumed at the time the
last bond issues were authorized, provided the cultivated area remains
as in 1932.
These costs cannot be paid in full. This fact is now recognized by
both creditors and debtors. Already a large number of farms have reverted to public ownership because of failure to pay general taxes. No
attempt is made to determine just what part of the irrigation and drainage obligations can be paid, but it is hoped that careful consideration
of the facts stated in this and other related Utah Station bulletins may
be helpful alike to creditors and debtors.
ANNUAL mRIGATION AND DRAINAGE PAYMENTS
It is doubtless clear that the major bond obligation of Delta Area

farmers is for the drainage systems. The bonded obligation of the irrigation companies is approximately one-eighth of the total bond obligation. This may account, in part at least, for the fact that payments have
been made more readily and more completely on irrigation company
. water-stock assessments than on drainage district taxes.
Another reason for the preferred financial status of the irrigation
company stock is the fact that the bondholders have had no lien on the
water-stock, and in cases where the stockholder was unable to pay both his
. water-stock assessments and his drainage taxes he has as a rule paid
his water-stock assessments first. Moreover, when the stockholder was
unable to pay either stock assessments or drainage taxes, stock assessments in many cases have been paid by mortgagees in order to protect
their interest in the stock. Analogous payments of drainage taxes were
not made-at least not during the earlier period of delinquencies. There
have, of course, been some cases of failure to pay water-stock assessments, and some stockholders have lost their stock. In many cases the
original owners of water-stock have iater made the payments, 1. e., after
delinquency, and by paying penalties have redeemed their stocks. In
other cases, the stock has been resold by the irrigation companies. The
result, in general, is that there are no accumulated long-delinquent waterstock assessments comparable to the accumulated long-delinquent drainage-tax assessments.
Some of the lands in the drainage district~ became delinquent in
the payment of drainage taxes during the early years of drainage activity. Records of the relation of "current tax collections" to the "net
annual assessments" are not assembled for the formative years of district activity. For the year 1919 and each year following, they are assembled in the County Treasurer's Office. Table 13 presents a condensed
statement of these records for each drainage district for the years 1919
to 1931. (See also Fig. 8.) Each year the boards of supervisors levy
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assessments which, if collected in full, would enable the district t o meet
all current obligations, including bond interest and
sinking funds. The net assessments, and similarly
"current collections" , inc Iud e neither penalties
n or interest. In other
words, the data of Table
13 show the drainage-tax
assessments and collections independent of delinq uencies.
It is apparent fr om this
table that the precentages
of drainage taxes which
were collected were relat ively high d u ring 19 1 9,
that they decreased considerably from 1919 t o
1922, and then increased
u ntil 1925, after which
they decreased fr om year
t o year. Since 1 929 d irect
collections have been less
than 10 per cent of the
net annual assessments.
The marked decrease in
the percentage of collections from 1919 t o 1922
was probably a res ult, in
part, of the general afterwar financial collapse of
1920. Figure 5 (page 3 5)
shows that the annual
water-supply was greater
in 1921 and 1922 than in
1 91 9 and 1920; consequently, lack of adequate
wa ter-su pply was probably n ot an influ encing fac t or during the first decline
in collections. On the
other hand, fr om 19 25
and on t o 1931, as shown
i n Figure 5 and already
discussed , the Delta Area
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water-supply was entirely inadequate and doubtlesss was an important,
if not a major, physical factor 35 contributing toward inability of the landowners to pay their drainage taxes.
Out of the unfortunate drainage experiences of Millard County drainage districts, and of District No.1 in particular, arid-region society should
learn:
(1) To make every reasonable and practical effort to manage irrigation activities so as to delay, if not prevent, the need for drainage.
(2) To recognize more fully that drainage of irrigated lands may
sometimes be accomplished at relatively low costs by removing the source
of the excess water.
(3) That where the annual river yields of irrigation water vary
.between wide limits, the merits of conservative procedure by constructing a few large open drains throughout the water-logged area years in
advance of the urgent need for drainage should be given more thoughtful consideration.
THE DRAINAGE DISTRICT LAW
The financial failure of the Delta Area drainage districts has led
many to believe that the drainage district laws are basically unsound and
of no value. Caution should be exercised in entertaining such a viewpoint and in concluding that the drainage district laws are unsuited to
the needs of the state. Those who question the value of the basic principles of the drainage district law should not overlook the fact that in
1930 the drainage districts of the United States included more than 32,000,000 acres of land, or nearly 39 per cent of all land included in drainage enterprises; nearly 53 per cent of all capital invested in drainage
enterprises was also in drainage districts. Moreover, 56.3 per cent of the
land and 42.2 per cent of the capital of all drainage enterprises in the
United States were under county organizations, which are closely related
to drainage districts; only 3.1 per cent of the land and 3.4 per cent of
the capital were under control of irrigation organizations. a6
The negligible area of 1/10 per cent of the land is provided drainage by commercial enterprises. The foregoing census data do not prove
the adaptability of the Utah drainage district law to Utah needs, but it
is significant that nearly 96 per cent of all of the land included in the
drainage enterprises of the United States is under the control of public
or quasi-public corporations, i. e., states, counties, townships, or drainage districts.
The power to levy and to collect taxes to pay drainage costs is conferred by law on public corporations, including drainage districts. Private
irrigation corporations, such as those of Millard County, have no such
powers. If it be granted that the power of levying and collecting taxes
is essential to the success of drainage enterprises, then efforts should
be made to improve the drainage district law rather than to abolish it.
There are undesirable features in the law. For instance, it is by no
means obvious that it is desirable to permit the majority of those who
35Discus s ion of th e e con o m ic social f actors, par t icula rly as th ey i nflu e nce
th e fa r m e r, is n o t a p art of t his bulle tin but will b e c onsid ered by co- wo rk e rs
in othe r Statio n bullet ins.
36Th e t y p es of the irr igati on organ ization s wh ich h ave pr ov ided d rai n age
f o r 3.1 p e r ce nt of th e land includ ed in d rainage organiz ations a re n o t gi ven
by the c e nsu s. It is pro babl e t hat s om e of the m are irri gation districts which
h ave powers o f tax ati on a n d of forci n g oppos in g min ori t ies to p ay th eir part
of d r ainage costs.
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vote at a bond election to authorize a bond issue regardless of the fact
that only a small percentage of qualified electors actually vote. It is
noteworthy, for example, that only 12 voters out of a possible 253 (signers of the petition to incorporate) authorized a bond issue of one of the
drainage districts in the amount of $150,000, in spite of the fact that
four votes were cast against the issue and the further fact that the bond
election was protested by qualified electors who seemed to have a substantial basis for their. protest. Specifying in the law the minimum number that may create a bond issue, one-third or one-half for example, of
the qualified electors, would probably strengthen the law.
Another instance of weakness in the law is the granting of permission to trade bonds for labor or materials. It is idle for the law to
specify that bonds may not be sold for less than 90 per cent par and
at the same time state that bonds may be traded to contractors or others
for services or materials. Trading of bonds almost invariably results in
actual receipts for the bonds which are much less than the minimum
percentage for which they may be sold, as fixed by law, because of the
fact that trading bars competition and sends prices much higher than
would obtain in open competitive bidding. There is convincing evidence
to support the statement that bond-trading by drainage districts of the
Delta Area resulted in excessive construction costs and consequently in
excessive bond discounts.
Further experience will doubtless bring to light other features in
the Utah drainage district law that may be improved.
PROGRESS TOWARD LIQUIDATION
More than five years have elapsed since the first default on the bond
payments by a Millard County drainage district. During this period , the
bond holde ~ s have continuously kept their representatives in the county.
Numerous conferences have been held between district officials and bondholder committees and many tentative plans for liquidation have been
considered, but no definite plans for general adoption have as yet been
approved by creditors and debtors.

Land Ownership
At the time of the organization of each of the several drainage districts the agricultural lands included within the exterior boundaries of
each district were largely, if not entirely, in private ownership. Because
of the failure of some individual owners to pay the drainage district taxes
and because the law grants the drainage districts a lien on the land, to
secure the payments of drainage district taxes, lands which failed to pay
such taxes were transferred to and became the property of the several
districts. Drainage districts early found it difficult, if not impossible, to
pay the taxes levied on these lands by Millard County for general purposes, includin g county, state, county school, and state school purposes.
Acting under and in accordance with the laws of the state the County
Treasurer sold to Millard County and issued certificates of sale to the
County Auditor those lands which became delinquent in payment of
general taxes. After the required period of four years following the sales
had lapsed the Millard County Auditor executed and delivered auditor's
tax deeds, conveying lands to the county. The many transfers of land
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ownership, first through failure to pay drainage taxes and second through
failure to pay general state, county, and school taxes, gave rise to questions of doubt as to the relative rights of the drainage districts and of
the county. For instance after the execution and delivery of a county
auditor's tax deed, what further claims or financial interest does the
drainage district have in the land? Questions of this kind must of necessity be answered by the courts.
Court Decisions
Several noteworthy court decisions have been made. The first decision of major importance was made in August 1928 by the Utah State
Supreme Court in the case of Bessie A. Campbell vs. Millard County
Drainage District No. 3., in which it was concluded that there was no
"Blanket Lien Liability" in the drainage districts organized under the
Utah Drainage District Laws (269 Pac. 1023). An extract from the decision of the court is given on page 47 in connection with the consideration of the "Idle Land" factor.
The decision in the Campbell case has already been a factor of
major influence in Delta Area drainage affairs. Before the decision was
made, many of the best farmers feared that they would lose their lands
because of the default of others. This fear has now been completely removed, it being generally recognized that the maximum amount of
drainage district taxes for construction purposes for which any landowner can be held is the amount of the benefits first assessed against his
land, together with interest on delinquent annual assessments.
Some recent court decisions which are of immediate 'concern in the
present discussion were made by Judge LeRoy H. Cox of the State District Court in March 1933. According to these decisions, general taxes on
land for school, county, and state purposes constitute a lien which is
superior to the drainage district tax lien as well as to all other liens.
In the case of Millard County, a municipal corporation of the State of
Utah, and Parker Robinson vs. Millard County Drainage Districts Nos.
1, 2, 3, and 4 et al. in its findings of fact paragraph (30) the court
stated:
"The court further finds that the lien of county, county school, state,
state school, and town and city taxes constitutes a prior and superior
lien to the lien of drainage district taxes and assessments, whether the
same be prior in point of time or otherwise."
At a regular meeting of the Board of County Commissioners of Millard County on September 1, 1931, a tract of land within the exterior
boundaries of Drainage District No. 4 was sold by the county to Parker
Robinson, who later became co-plaintiff in the case mentioned. The county
issued a deed to Parker Robinson on the date of sale (September 1, 1931)
to land formerly owned by George Q. Edwards, which was sold to the
county, on January 10, 1927, in order to pay the delinquent general taxes
for 1926. The court held, as is stated clearly in its decree, that the reversion of the land to county ownership wiped out the lien of the drainage district for interest and principal on bonds. In its decreee, after ordering that Parker Robinson recover judgment and decree quieting his title
to the land purchased from the county, the Court said:
"It is further ORDERED, ADJUDGED, AND DECREED that the
sale of said lands by the taxing officials of Millard County, State of Utah,
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to Millard County, Utah, because of the failure of the defendant, George
Q. Edwards, to pay and discharge the county, county school, state and
state school taxes for the year 1926, levied and assessed against said
premises, wiped out and extinguished the lien of all drainage bonds
theretofore issued and sold by the defendant, Millard County Drainage
District No.4 , and wiped out and extinguished all right of the defendant,
Millard County Drainage District No.4, to levy and assess any drainage
district taxes or assessments of every kind, and nature, including drainage district maintenance taxes levied and assessed against the same prior
to the year 1926.
"It is further ORDERED, ADJUDGED, and DECREED that all
drainage district bonds issued by the defendant, Millard County Drainage
District No.4, became a Ii-en upon and against the lands included within
said drainage district at the time of the issuance of said bonds in proportion of the amount of the benefits assessed against each separate tract
of land within said district. And that the sale of the lands hereinbefore
described for the non-payment of general, county, county school, state,
and state school taxes for the year 1926 as hereinbefore mentioned, completely wiped out and destroyed the lien of all outstanding bonds and
indebtedness of the defendant, Millard County Drainage District No.4,
against said tract of land and constituted a new and independent title,
in and to said land which was, and is, free and clear of aU liens, claims,
encumbrances and clouds of every name ~nd nature whatsoever."
Finally the court extended the rule applied to the Parker Robinson
lands to all lands that had been acquired by Millard County because of
the non-payment of general taxes. The language of the court in extending
the rule follows:
" It is further ORDERED, ADJUDGED , DECREED, and DECLARED,
that all lands heretofore acquired by plaintiff, Millard County, by
Auditor 's Tax Deed, for the nonpayment of general, county, county school,
state and state school taxes, within the exterior boundaries of defendant
drainage districts, or either of them, are no longer subject to the lien
of drainage district indebtedness and are entirely freed from the right
of the drainage district, within which said lands are located, to hereafter tax or assess with drainage district taxes for the purpose of paying the drainage district bonds or any other indebtedness whatsoever of
the said drainage district , and it is further hereby ORDERED and
DECREED, that the defendants drainage districts, and all persons working for, under, by or through said defendants drainage districts be, and
they are hereby perpetually restrained and enjoined from levying any
further drainage taxes or assessments of any name or nature whatsoever
for the purpose of paying drainage districts bonds or any other indebtedness of said drainage districts, a gainst any of the lands heretofore sold
to Millard County for the non-payment of general taxes and for which
the period of redemption from such tax sales has expired."
It is clear, therefore, that unless a higher court reverses the decision
of the District Court, when a tract of land reverts to the county because
of the failur e of the original land owner and also of the drainage district
to pay general state and county taxes, a ll oth e r liens a gainst the land,
including the lien of the bond holders for principal and interest of funds
ad vanced for drainage purposes, become null and void.
Appeal from th e decision of the Dist rict Court was m ad e to t he
Utah State Supreme Cou r t in August 1 933. This case, which is designated
by the Supreme Court as No. 5489 , w as arg ued and submitted to the
Court on January 18, 1935. The Court has not as yet ( March 16, 1935 )
rendered a d ecision in this very important case. Progress toward liquidation , which is as yet extremely slo w, is not likely to be substantial
until after final court decision has been r endered, clarifyin g for all time
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the relation of the county lien for general taxing purposes to that of
the drainage districts for taxes to pay principal and interest on bonds.
Under and by authority of this District Court decision, and other
similar decisions, the county commissioners have made a substantial
number of sales of land within the drainage districts for the payment of
delinquent general taxes.
If the State Supreme Court and any other higher court to which
appeal may be t aken upholds the decision of the lower court, then all
bond obligations for principal and interest can be eliminated by owners,
mortgagees, and drainage district directors and bondholders, by permitting
dp-fault in general taxes during a period of four years.
The bond-holder representatives look upon the rule established by
the lower court as a repudiation of a contractional obligation which will
result in confiscation of their equity in the drained lands. They seem to
be confident that the decision will be reversed by the United States
Supreme Court, if not by the Utah State Supreme Court, in which the
case on appeal, as heretofore stated, is still pending.
Obtaining Relief from Bonds
The extent to which land-owners will voluntarily permit default in
general taxes in the hope of later regaining possession of their lands,
after the lands have been relieved of the bond obligation by purchase
from the county, and after county auditor tax deeds have been issued,
has not yet been determined. Some Millard County leaders feel that few,
if any, farmers will voluntarily permit default in general taxes: (1)
because the farmer does not want to repudiate his drainage-bond obligation and (2) because in permitting default he has no positive assurance 3T that the county will sell the land back to him-it may sell to the
highest bidder, regardless of previous ownership.
The safest way for those who really want to retain their farms to
obtain relief from the bond obligation is to purchase bonds at a discount
and to use them to pay the amount of the unpaid benefits assessed against
their lands.
Another plan by which the present uncertainty of the financial obligations of a particular land-owner can be removed is by refinancing with
bond-holder committees. Based on the productivity of the land, on farm
improvements, and on cap-acity of the individual farmer , the bond-holder
committee will reduce the obligation to an amount which it feels the
individual can reasonably be expected to pay. This method of settlement
is essentially one of bargaining between the creditor and debtor.
Redemptions
In each drainage district some redemptions have been made either
from further bond obligations or from further liability for the benefits
a ssessed. Because of the many individual defaults in payments of drainage-tax assessments a p.d the accumulated liabilities of the districts, each
tract of land is now held for the full amount of the benefits originally
a ssessed. This means that in order to be r edeemed from further financial
obligation to the district, except for purposes of maintenance only, each
3TIn s o m e c a s es th e county offic ia l s a re s aid to h ave g iven ve rba l assu ranc e
t o f ormer own ers tha t th ey wo ul d b e g iven fi r s t o p por tunity t o p u rchase from
t h e co unty a nd thus re p ossess thei r lands.

DRAINAGE AND IRRIGATION CONDITIONS) DELTA AREA

65

land-owner may secure bonds and interest coupons in the amount of his
assessments of benefits, and in releasing these bonds to the district his
lands are redeemed. Nearly one-fifth of the total assessments of benefits
in one district have thus been paid.
Percentages of total benefits paid by individual land-owners, as of
June 30, 1934, for Districts Nos. 2 38 to 4, inclusive, were 3, 10, and 18,
respectively. The sum of the benefits paid by these districts, as of June
30, 1934, is nearly $400,000, which is less than 10 per cent of the sum
of the benefits assessed for the three districts.
It is thus apparent that progress toward liquidation is as yet relatively negligible. The urgency of the need for expediting the progress of
liquidation is stated elsewhere; it is not likely to be over-estimated. Satisfactory perpetuation or growth of either private or public enterprise in
the Delta Area is impossible as long as the present cloud of financial
uncertainty continues. Moreover, there is but little, if any, reason to
believe that significant ultimate advantages will be gained by either
creditors or debtors through a continuance of the long period of delay
and retarded progress in finding agreeable and feasible bases and methods
of compromise.
LOOKING FORWARD

Thus far this publication has been concerned largely with irrigation and drainage activities in Millard County since the beginning of
the drainage movement. It has therefore been looking backward rather
than forward. Looking backward has value, provided the experiences of
the past are intelligently applied ~o the solution of the problems of the
future. Satisfactory solution of Millard irrigation and drainage problems
will require considerable long-range looking forward. Special effort
should be made to see that the type of enterprise, with which the permanent affairs of the irrigation and drainage activities are concerned,
will be most satisfactory to the greatest number.
Changes Necessary
Some major changes in irrigation and drainage organization are believed to be essential. The time is here when the advantages and the
difficulties in consolidation of Millard County irrigation companies should
be carefully and completely considered. It is not equally clear that changes in drainage organizations should be considered at this time. The discussion which follows applies, therefore, particularly to the management
of irrigation affairs.
Present Organization Unsatisfactory
The Delta Area is essentially a single geographical unit. The climate,
the soils, the source of water-supply-all of these possess much of the
same general characteristics. Likewise, agricultural pursuits and transportation facilities are such as to make the area a single economic and
social unit. In spite of this more or less natural unification of the area,
irrigation and drainage affairs are managed by eight different organiza- '
tions, each independent of the other.
There are good reasons for thinking that the entire management of
38In 1926, Drainage District No.1 retired $40,000 of its bonds from moneys
received from land-owners.
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irrigation and the drainage projects should ultimately be vested in one
organization rather than in eight. However, the present combination of
drainage affairs may be impractical and may remain so until all outstanding bond obligations are satisfactorily paid. As stated, the financial
obligations of irrigation companies are far less complex than those of
drainage districts. For this reason, the immediate outlook for unification is more favorable for irrigation than for drainage affairs, and the
following comments are therefore restricted to the irrigation problem.
Many leaders in the community have expressed themselves as being
strongly in favor of early consolidation of the four irrigation companies.
The author shares their belief that the present organization is unsatisfact ory39 and that it should be improved: There are now 20 directors,
four presidents, four secretaries, four treasurers, and four sets of records,
all of which might be replaced by five directors, one president, one secretary, one treasurer, and one set of records. If the necessary engineering
and legal services are maintained , four employment contracts are necessary for each branch of service, whereas if the management of irrigation affairs were vested in one company, then one contract with an engineer and one contract with an attorney would accomplish the same
results.
These four companies now have valuable records in several different
places-some in offices which are not well-equipped and some in private
residences. One consolidated company could afford to provide itself with
a well-equipped modern office where all records could be safely and systematically kept, at little or no increase in co t.
Under consolidation the number of annual reports required would
be decreased from four to one. All irrigation companies, regardless of
size, are required by law to prepare annual reports to their stockholders.
Special reports to State and Federal agencies are also called for at irregular intervals.
Operation and ~'laintenance
The major advantage in the consolidation of the four irrigation companies would come in increased efficiency and decreased cost of the operation and maintenance of irrigation systems. The major functions of irrigation companies are to store, to divert, to conyey, and to deliver water
to their stockholders. This function could be more efficiently performed
in the Delta Area by one compan~ than by four companies. Certain cooperative actions of the companies in recent years lend weight to the
thought that centralization of the management is desirable. For instance,
one of the diversion canals is used and maintained jointly by two of the
companies. Another illustration of cooperative effort is the diversion and
conveyance of water for one company by another company having a
39For instance, consider th e us e of water from the Sevier Bridge reservoir
after the close of the irriga tion season. It is conceded that water in a large
reservoir that is not really n eed ed for irrigation should n ot be withdrawn,
particularly from reservoirs which are seldom filled to capacity during the
storage s eason. It is r e p ort ed from several authoritative sources that during
the fall of the year after the close of th e regular irrigation season th e irrigation company owners of the remaining Sevier Bridge reservoir water withdraw it and run it through th e ir canals, and the farmers apply it wastefully
to the land simply because if it is l e ft in the reservoir it is lost to the particular company during th e non-irrigati o n season. Under the present organization,
no company can carry-over water fro'm one s e ason to th e next and reta.in the
own e rship of the water. Stimulus for saving of water in storage for carryover purposes, now lacking, would b e assured if all of the water in th e r e s e rvoir belo.nged to one large company.
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higher canal, the purpose being to avoid the need for pumping water by
the lower company.
Another important duty of irrigation companies is to acquire and to
protect rights to the use of water for irrigation; this too could be done
more economically by one company than by four companies. One large
company can purchase materials, equipment, supplies, and services to
better advantage than can four small companies. One company would do
away with unnecessary and parallel canals; it could therefore distribute
water at a lower cost; it could negotiate and deal more efficiently with
outside interests.
In parts of the Delta Area there is urgent need of concentrating the
available water-supplies in order to avoid excessive losses through conveying water to widely-scattered farms. It is probable that the necessary
concentration of water-supplies could be effected more efficiently by one
consolidated company than by the four independent companies.
Difficulties
It is recognized that some difficulties tend to retard efforts toward
canal company consolidation, in spite of the fact that leaders favor the
concentration of irrigation affairs into one management. One of the
major difficulties would be the establishment of relative values of the
several classes of water-rights. Two companies now have storage-rights
only, one has storage and natural-flow rights, and one has natural-flow
rights only. Special effort would be required to evaluate the stock r epresenting these several classes of water-rights in terms of stock of the
proposed consolidated company. This effort would be generously repaid
to the entire community by the increased efficiency and flexibil~ty of the
proposed new company. Finally, the difficulties are not insurmountable,
and they are believed to be insignificant as compared to the ultimate
advantages that would be gained.
Procedure Toward Consolidation
No attempt is made here to outline the procedure toward consolidation. Considerable thought has already been given this problem by some
Millard County community leaders. The basic idea should be more completely developed, a plan should be formulated, and then, after careful
consideration by the stockholders of the several companies, consolidation should be effected, provided the plan has the support of a substantial
majority of stockholders.
The Drainage Systems
At present most of the drainage systems are being seriously neglected, due to financial depression, low crop prices, uncertainty as to bond
obligations, inability of district officers to raise funds for maintenance
purposes, and an unfortunate spirit of indifference among land owners.
Proper maintenance of the drains is believed to be of extraordinary importance to the locality. However, proper maintenance seems to be impractical under the present financial conditions in the area.
Plan of Settlement Needed
The most important single element in the rehabilitation of agriculture and business in the Delta Area is the formation and prosecution of
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a plan of settlement of outstanding bond obligations. A liberal spirit
of compromise is essential to the working of a plan of settlement. Confiscation and repudiation should be avoided alike by debtors and creditors.
Community leaders seem to sense fully the importance of reaching some
plan of settlement. Already several years have elapsed since it became
apparent that full payments could not be made; it is now especially im~
portant that vigorous efforts be made to agree on a basis of settlement.
After such a plan has been formulated and the drainage bond obligations
have been satisfied, then it may be found ad vantageous to the entire
comm'J.nity for the proposed consolidated irrigation company to take over
all responsibility for the maintenance of the drainage systems. It would
then be unnecessary to continue the life of the drainage district corporations, which might be dissolved. Many friends of the drainage-district
movement have pointed out the disadvantages that the district officers
have faced, due to the fact that irrigation officials have had no responsibility in the preservation and the operation of drainage systems. Some drain
tile has been filled with soil and rendered inoperative by careless handling of irrigation water. The proposed consolidated irrigation company
would be more alert to needs for the protection of its drainage systems,
if it were directly responsible for the maintenance of these systems. In
general, drainage needs of irrigated lands are greatly dependent on the
irrigation methods and practices; for this reason, it is difficult to justify
continuous and permanent separate . management of irrigation and drainage enterprises.

DRAINAGE AND IRRIGATION CONDITIONS, DELTA AREA

69

SUMMARY AND OONCLUSIONS
Investigations of the financial condition of Millard County drainage
and irrigation enterprises constitute the basis for the following summary and conel usions:
1. Drainage Needed and Essential.-That drainage of some of the
lands within each of the several drainage district boundaries is urgently
needed and moreover positively essential to the restoration of cropproducing power.

2. Area Drained Too Large.-That the areas actually included
within the boundaries of the drainage districts are much greater than
was justified on the basis of the supply of water annually available for
irrigation.
3. Irrigation Requirements and Water-supplies Inadequately Considered.-That inadequate attention was given to the problem of estimating either the irrigation-water requirements or the probable supplies of
water that would be available to meet the requirements after the drainage systems were completed.
4. Idle Land Serious Drawback.-l'hat each of the districts now
has, and has had continuously, significantly large areas of idle land, thus
increasing the demands on each land-owner of productive land up to the
amount of the original assessments of benefits.
5. Drainage Systems Functioned Bcneficially.- That, with a fe w
exceptions, the drainage systems as constructed functioned beneficially
during the early years, when properly maintained, in removing large
amounts of alkali salts and in lowering the water-table.
6. Drainage Costs Exceeded Estimates.-That the ultimate drainage
costs in each district exceeded the cost estimates by 35 to 48 per cent;
in one case, where two drainage systems were built for one district, the
ultimate cost was nearly 4.6 times the estimated cost.
7. Some Bond Disoounts Excessive.- That due in part if not
largely, to adverse and unsettled conditions in the financial centers of
the United States shortly after the World War, the discounts on the
second issues of bonds of each of the districts and on the third-bond
issue of one of the districts were excessive and therefore a source of
considerable increase in costs to the districts.
8. Construction Delays and Trading of Bonds Costly.-That delays
in construction of some of the drainage systems, due to the inability of
the districts to sell their second- and third-bond issues (for reasons
already stated), were costly to the districts and resulted in the trading
of bonds direct to contractors at effective discounts greatly in excess of
those permitted by the law.
9. Crop Failures Serious.-That alfalfa-seed, the major cash crop
of the district, decreased in recent years, until finally it is no longer a
significant source of revenue in the area; also that sugar-beets which
were considered during the period of drainage construction to be an important source of revenue are now of minor significance, and that crop
failures have not been caused by drainage.
10. Drainage District Law Basically Sound.-That, excepting minor
defects in the Drainage District Law, the basic principles on which it
rests are essentially sound and that defects in the law have not contributed to any appreciable extent to the failure of the drainage districts
to meet their financial obligations.
11. Less Intensive Drainage Systems Preferable.-That in the
light of the shortage in water-supplies . that could have been predicted
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in 1916, on the basis of a 15-year record, and that have occurred during
the 16-year period since the drainage systems were constructed, it seems
apparent that reduction of drainage costs by wider spacing of drains,
i.e., by building less intensive drainage sytsems, would have been both
adequate and preferable.
12. Experience Valuable.-That the experiences of Millard County
in drainage matters may be of value to farm communities in Utah and
in other western states and to investment bankers in several respects
and particularly:
a. In showing that irrigated soils which naturally contain appreciable amounts of alkali will require artificial drainage unless the watertable can be kept well below the land surface by careful irrigation, prevention of excessive seepage losses from canals, and by making the best
possible use of natural drainage.
b. In stressing the urgent necessity of giving thorough consideration to available water-supplies for the drained land.
c. In showing the need for providing, in advance of construction
of the drainage systems for a liberal margin between estimated annual
costs and revenues in order to be able to meet unforeseen and unavoidable cost increases and revenue decreases.
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