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UNTTED STATES DEPARTMENT OF AGRICULTURE
WASHINGTON, D. C.

DELIVERY OF IRRIGATION WATER

By Weois A, Hyuwcming, Agsecinle Drrigation Beonewmist, Dicision of Agricu-
lural fingineering, Burcunw of Pablic Rouds
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INTRODUCTION

A completed irrigation project, by whatever agency constructed,
hes normally encountered three move or less distinct periods of
activity: (1) Preliminary investigations, financing, and organization
{2} construction of works; and (8) operation of the system. The
operation period begins either before or upon completion of the
irrigation system.

The field of irrigation management during the present century has
broadened more and more as numerous enterprises have been brought
from the construction to the operation stage. Under the most favor-
able conditions, irrigation management, involved so largely with
human relations, is a perplexing matter calling for a certain type of
personality to handle it successfully, but many of the manager’s
troubles can be avoided if he is able to give general satisfaction in
distributing water. The type of canal construction in many cases
determines the method of delivering water and prevents the use of
other and possibly better methods without making expensive changes,
In designing an irrigation system, therefore, it is important that the
method of delivery best suited to local conditions be taken into
consicleration.

A bulletin of this department published in 1916 contained a de-
scription and review of the water-delivery systems of a number of
typieal enterprises in the West.! Since then numerous enterprises
have come inlo operation, and much experience in delivering water
has been gained that should prove of value both o prospective anc

* ADaMs, P DELIVERY OF WATER TO IRmiGaTors. U, S, Dept. Agr., OC. Expt. Stas. Bul.
239, 90 p.. ilus, 1910 K P 85
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existing organizations. For the purpose of securing and mnking
available information on this subject, a study wus made in 1923 of
the delivery nethods and other important phases of the manugement
of nearly 100 irrigation enterprises in 13 of the 17 Western States,
the results of which are published in this bulletin. Prajects of four
principal types were inclnded: Mutual companies, ivrigation dis-
tricts, commetcial companies (public utilities), and Federal projects.
Districts and mutual companies together included about 75 per cent
of the total, which is thought to be a fairly representative propor-
tion as the present trend is toward cooperative ownership and oper-
ation of irrgation works,

DEFINITION OF TERMS

Irrigation terms often have different meanings in different parts
of the country. Such terms appearing in this bulletin may be deined
briefly as foHows: _

Laterel—A branch of the main canal of an enterprise. A main
lateral leads from the main canal and scrves a group of sublaterals,
A farmers’ latersi is a ditch, controlled by the users of such ditel,
leading from an enterprise canal or lateral to a farm or group of
farms. A farmn lateral is the distributing ditch within the bound-
uries of a farm.

Head or stream.—The flow of water delivered te an individual
irrigator or group of irrigators is called in some communities a head,
in »thers a stream. These terms are used interchangeably in this
bulletin,

(‘ontinuous delivery~—Delivery of water continuously to all users
under a project throughout the irrigation season.

Fotation delivery—Declivery of water to users in turn, at regular
or irregular intervals.

Demand delivery~Delivery of water to users whenever requested
by them.

Diteh tender—-An irvvigation employee who patrols canals and
delivers water.  Also called diteh rider or ditch walker, ditch agent,
canal rider, water tender, patrolman, and zanjero. The terms “ ditch
tender ® and * ditch rider ” are most commonly used, but zanjero is
generzl in southern California und some other parts of the South-
west. Patrolman sometimes designates one who patrols cansls but
does not deliver water.

CONTROL AND OPERATION OF LATERALS

In the construction of every new irvrigation enterprise n decision
must be made as to whether water shall be delivered by the enter-
prise only out of the main eanal, or whether main laterais and sub-
laterals shall be built for delivery to each small subdivision of
land, or whether some unit of delivery interns.diate between these
extremes shall be adopted. On many older systems only the main
canal, ot the main canal and main Iaterals, were constructed by
the enterprise. the water nsers being required to build the sub-
lateruls to their fzrms, often miles away, which added materially
to the difficulties of bringing the land under cultivation. In lnter
years the more general and much more liberal practice has been to
construct distributing systemas to serve relatively sinall units of
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land, such as every 40 or 80 or 160 acres; ot to reach within a definite
distance, such as one-fourth or one-half mile. from each subdivisica,

CONSTRUCTION

BY INDIVIDUALS

Where the irrigation company or other organization has built
only the main cannls and main laterals, neighboring settlers have
ciubbed together in huilding 2 common lateral to supply their farms.
In many cases, however, the entire first burden has fallen upon some
one man who has had to build a ditch probably several miles loag,
other settlers coming in later and making arrangements with the
original owner to enlarge the lateral and thus eventually coming
to own it in commion,

The burden of building long ditches is a heavy one to place upon
the individual settlers. They must, of course, pay for the laterals
sooner ot later, but ave confronted with sufficiently heavy first costs
in subduing their land and can get under way mmch mere readily
if the canals with which they are to connect are not too far away.
Furthermore, there is too much opportunity for such difches to be
Inid out poorly and with little or no relation to the needs of the
system as a whole, Instances have been noted of parallel ditches—
in an extreme case in Montana four ditches bordering a single
rond-—Dbuilt independently of cach other, where a single ditch would
have served the purpose. The only sound arguments in favor of
construction of laterals by the users are the smaller cash outlay and
the assurance that ditches will not be built until needed.

BY MAIN ENTERPRISE

Organizations that have built laterals have sometimes gone to the
extreme of building all snblaterals and structures at one time.
This is thought to have stimulated development in a few cases,
owing to the attractivencss of a system completed to every farm
unit and rveady for mmediate use. Nevertheless, on certain other
projects where this was done, development procceded slowly, with
the result that structures deteriorated before being used, while main-
tenance costs were running high and interest was being paid on
cnpital invested in works not in use. The wiser course would have
been to defer the construction. of at least the smaller sublaterals
and structures.

MAINTENANCE

UNORGANIZED LATERALS

The upkeep of an unorganized cominunity lateral is often a vex-
atious matter. It is a common saying that 75 per cent of the users
do all the work; certainly the experience of having a few men avoid
doing their share is widespread. Collection from such water users
of their pro rata cost of operation and maintenance is a troubleseme
proceeding, and forcing them to pay for improvements to which
they object is usually impossible. The diteh must be kept clean,
for neglect results in decreased carrying capacity and is cause for
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refusal on the part of the management to turn water in. Hence the
upkeep devolves upon the conscientious users.

ORGANIZLD LATERALB

An organized lateral offers greater opportunity for satisfacrory
maintenance, as responsibility may be fixed and assessments for
upkeep may be levied and coliccted.

L}

DESIRADILITY OF LOCAL MAINTENANCE

The farmers’ ideas on proper maintenance are often at variance
with those of the mapager, and too frequently the amount of work
they do on the ditch 18 no more than just enough. Less trouble is
experienced with early cleaning than with apkeep after the opening
of the irrigation season, when the farmers are busy with other mat-
ters. On the other hand, the farmers have the time to handle much
of the maintenance work, at least early in the season, and by doing
the work themselves they can avoid much of the heavy annual outlay
necessary where all maintenance work is done by the project manage-
ment. The most eflective plan is to place final responsibility for
mainteaance of all the important sublaterals upon the project man-
agement, giving the farmers opportunity to do the work if they so
desire but under the direction of a foreman responsible solely to the
manager.

TSRATION

Responsibility for maintenance and for operation should not be
divided. Certain enterprises are able to control the delivery of
waler to the individual user through laterals owned and maintained
by the users; but elsewhere this procedure has proved to be a great
mistake owing to the difficulty of operating ditches not always kept
in satisfactory condition. A manager who has no control over the
condition of a ditch he is required to operate may be placed at a
disadvantage at any time, and the practice is not to be recommended.

However, theve is no objection to outlining a method of distribu-
tion on a lateral and allowing the users fo carry it out so long as
they cun wotk together amicably. reserving the right to have the
diteh rider adjust any unsatisfactory situation. In fact. water users
who are disposed to cooperate can be of material assistance in reduc-
ing the cost of operation by making changes of water under rotation
schedules at hours when it is not practicable for the ditch tender to
be on hand.

Control by the central management over individual deliveries, or at
least a measure of supervision, is distinctly beneficial in its assarance
that the lower users on a diteh will receive their just share of water
and in accomplishing in many cases a more disinterested division of
water than could be made by a local man.

LATERAL ORGANIZATIONS

UNINCORPORATER COMDPANIES

The rights and liabilities of owners of an unincorporated Iateral
are determined by the contractual relations of the members, by the
Iaws of cotenancy and copartnership, and by any special statutes
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relating to ditches of this character. The irrigation laws of many
States include provisions governing the operation and maintenance of
sueh latevals. Much trouble may be avoided it the original members
prepare and sign specific articles of agreement, indicating clearly the
nature of the association and the rights and rvesponsibilities of
members,

An unincorporated lateral-ditch company does net possess the
direct remedics of a corporation against obstinate members and is
consequently a satisfactory arrangement only so long as all members
are disposed to cooperate, The available legnl remedies against
delinguents are adequate, but are often troublesome to follow out.

INCOUTORATED COMPANIES

A corporation, on the other hand, possesses a quick, simple method
of enforcing collection of assessments—by sale of delinquent stock—
and is able to effect needed improvements even though opposed by an
obstreperous minority, Water users can not be foreed into a corpora-
tion against their will; but once the corporation is formed, the ma-
jority of stockholders are in control. In some sections of the country,
notably in northeastern Colorade, incorporation of laterals is quite
comimon and is thought to have had much fo do with the successful
operation of farmers’ laterals in those sections.

The busis of most of these lateral incorporations iz the share of
stock representing a earvying right in the lateral, so that a water user
on sich a lateral owns stock in the parent company entitling him to
water from the main canal and also owns stock in the lateral com-
pany entitling him to have such water carried from the main eanal
to his land. Such stock is assessed to cover costs of operation and
matntenance of the lateral and may be sold for nonpayment of
ussessments, as in other corporations.  These companies are governed
by boards of directors who appoint the local diteh rider. To facili-
tate the handling of accounts, it is frequently customary for the
secretary of the main company to act as secretary for some of the
Iateral companies,

LOCAL-TMPROVEMENT DISTRICTS

The irrigation-district laws of several States permit the formation
of subdistricts within irrigation districts for the purpose of making
locel improvements and assessing the cost against the lands benefited,
bonds being issued which, so far as the bondholders sre concerned,
are an obligation of the entirve ifrrigation district. The consent of
only a portion of the landowners within a proposed local district is
sufticient to authorize its formation and subjection of all lands to
an obligation to pay for the cost of the improvement. The irriga-
tion-district law of Washington, where these subdistricts were first
authorized and where most of them have been formed, has served as
a model for the adoption of this feature in certain other States,

Numerous local-improvement districts have been formed in Wash-
ington, principally for lining community ditches, replacing earth
ditches with pipe. installing measuring deviees, and in some cases
for building new ditches, operation and maintenance not being con-
templated. There is no local government, all affairs being handled
by the directors of the parent irrigation distriet. The principal
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advantage of the loeal-improvement district is in aceomplishing
needed 1mprovements over the objections of o small minority who
could successfully resist being drawn into s possible incorporated
company and who could therefore in many cases defeat the proposed
improveraents altogether, Ifs use is, of course, limited to organized

irrigation districts in a few States.
MAINTEXANCE DISTRICTS

A unique organization originating with Sannyside Valley Trriga-
tion District, Wash., is the maintenance district, initiated by petition
of owners of at least 25 per cent of the acreage affected and formed
by the board of directors after an opportunity for a hearing. If
such a district is formed, & local foreman is chosen by the landowners
{the action being subject to ratifiention by the Sunnyside district
directors). This local foreman is considered to be the agent of the
trrigation district, and his duties are to hive men (preferably local
water ugers} fo clean the lateral and keep it in shape. Payments for
labor and material are made by the Sunnyside district, and the cost
is assessed against the Innds in the maintenance distriet and collected
as a part of the general district taxes. The maintenance distriet is
considered to be a distinet improvement over the unorganized lateral
in that it forces the “slacker ” to pay his proportion of the cost of
mainfenance.

DESIRABILITY OF LOGCAL CONTROL OF LATERALS

Control of Iateral and sublateral systems by the water users has
worked admirably under some circumstances, notably these surround-
ing the development of the Union Colony? and other communities
of the same type in northeastern Colorado, Utah, and elsewhere, where
the people were bound by ties of sympathy and 'in numerous cases by
Tamily kinship. thought along the same lines, and were disposed to
work together for their common welfare. On the other hand, local
control is not practicable where the users are of varied natisnalities,
speaking different languages, thinking differently and not willing to
be responsible for cach others’ doings. In any event it is essential
that there be a few men competent to take the lead and to see that the
worlt is properly done, and dle safest plan is for the users to organize.

ASSUMFPTION OF CONTROL BY MAIN ORGANIZATION

Cases are rather numerous in which enterprises have assumed con-
trot of laterals built by the farmers; much mere numerous, probably,
than where a reverse procedure has occurred. These changes have
been due mainly to the desire of the farmers to be relieved of the
responsibility of maintensnce or of costs out of proportion to those
incurred in neighboring communities; to a need for more efficient
operation: and in some cases to the feeling that a more impartial
distribution of water would result. Money has seldom been paid for
such canals. In some cases they have been leased to the enterprise or
given in trust, in others decded outright, and in still other instances
they have been the subject of change of control only without formal
change of ownership. Important examples of the taking over of

? Hpatenrrr, By (. [RRIGATION [N NORTHERN cowonspo. U, 9, Dept. Agr. Bul. 1028,
85 p., llws, 1822,
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numercns favmers’ lakerals ave found on Umatilla project, Oregon;
Boise project, Idaho; and Fresno and Consclidated irrigation dis-
tricts, California. '

Assuming control over farmers’ laterals i necessarily an individual
transnction on each lateral and for that reason usually progresses
over n period of years. A very general vequirement is that the
Iateral be put in good repair before being turned over to the main
organization.

DESIRABLE UNIT OF DELIVERY

Tinder the favorable cireumstances indicated above ander Desira-
bility of Loeal Coutrol of Laterals, the water users may be uble to
handle operation and maintenance efficiently and with a smaller cash
outlay than could the central organization. The builders of a new
projeet, however, have usuaily no assurance that such conditions will
olitain. For this reason, and to relieve settlers of the Luvden of
building long distvibuting ditches, the more advisable conrse on a
new project is to arrange for deliveries to relatively small units,

The most desirable nmt will depend, in general, upon the char-
acter of the country, size of land holdings, and probable type of
agriculture. In an orchard or small-fruit country, where the hold-
ings are velatively small and the users numerous, the desirable unit
is smaller than in & general-crop region, and in some sections of this
type deliveries muy be profitably made from underground pipe lines
at the highest corner of each 10-acre tract. In a new country, par-
ticularly where the agricultural practices nre likely to be less inten-
sive, deliveries are made more satisfnctorily at the highest point of
ench 40 or 80 or even 160 acres.

METHODS OF DELIVERING WATER

The object of the farmer iIn applying irrigation water is to make
possible the most profitable production of his crops. This docs not
always mean the greatest prodnction, for there is always a point
beyond which » further application of water will result in deereased
yields and a point beyond which it will bring diminished net rvefurns,
the two peinis not necessarily being identical. The human and
economic variables involved in crop production throughout an irriga-
tion system can not be reduced to any exact basis in the original
design of the system; yet with the increasing availability of informa-
tion us {o the water requirements of soils and crops, and with the
practical experience pamed on so many irrigation projects, it is
certainly possible to plan, within closer limits thun heretofore, for
the delivery of those quantities of water which will best serve the
needs of anticipated crops.

The selection of a method of delivering water which will best
serve this purpose is therefore an important consideration in the
design of the distribution system. Once in effect, the method may be
ditficult to change, for the type of cunal construction, size of delivery
boxes and farm laterals—as well as the preparation of land for
irrigation and habits of the ivrigators—frequently prove to be limit-
ing factors. Before the character snd capacity of the system are
finnlly cdelermined upon, study can very profitably he devoted to the
moisture requirements of anticipated crops, effective water-holding
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capacily of soils, and the more readily ascertained factors of char-
acter of water supply and topography.

Water is delivered to the individual irvigator either in a continuous
flosy or at intervals. Water delivered at intervals is served in turn to
cach of a group of irrigators, or is delivered to the individual
whenever he-calls for it. According fo this classification, there
are three basic methods of water delivery, which are called (1) con-
tinuons, (2) rotation, and (3} demand.

ELEMENTS OF A DELIVERY METHOD

The use which may be made of water delivered to a farm depends
upon the frequency with which the water is delivered, the dura-
tion of the delivery, and the size of head or stream delivered. These
points are the principal elements of a mode of water delivery, and
the degree of success with which they meet the requivements of
the irrigators, taking inte account the physical limitations of the
project and without undue waste of water, is the measure of the
elficiency of the method in question.

FREQUENCY OF DELIVERY

The frequency with which water is needed by the irrigator will
depend upon his crop and soil requirements, an important factor
being the capacity of the soil to retain moisture. With certain soils
it is feasible to irrigate heavily and to depend upon the availability
of the water for plant use over many days; while with other seils
which cun hold less water in the root zone, frequent light applica-
tions nre preferable and irrigation turns many duays apart are not
guflicient. With a given soil type, there is a wide range in the
water requirements of the crops which may be grown, certain crops
for their highest yield needing water much more frequently than
other crops. These varying needs of crops and soils present a
complicated problem, but one which must be solved if the highest
use of the water delivered is to Le obtained.

DURATION OF DELIVERY

The duration of the delivery is a factor in determining the com-
pleteness of the irrigation, and a delivery method which cuts the
period short or which prolongs it unnecessarily is to that extent
neflicient.

HEADE OR SBTREAMS OF WATER

An clement of the utmost importance is the size of the irrigation
head or stream. The capacity of the project distribution system,
preparation of the land for irrigation, and methods of applying
wafer to the land are made to depend upon the size of head selected.
Henee a mistake is very difficult to correct. Necessarily there is
usually some latitude in the size of head which may be delivered.

Large heads of water require careful, and in many cases, ex-
pensive preparation of land for irrigation, else they can not be
handled at all, whereas smaller streams may be guided over rela-
tively uneven surfaces. On the other hand, eareful preparation
of land often pays for itself in uniformity of water applications
and decreased [abor costs. If a stream of 2 second-feet 1s as much
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as an irrigator can handle on unprepared land, and if such stream
proves too small for economical irri igation, it will pay him to pre-
pave his land to veceive a larger one. Of cour se, large streams are
not fersible on steep slopes, regardless of preparation “of Iund.

The ndequacy of any zrw‘ratmv stream will depend upon il and
topographic COIldlthIlb and \\lli seidom be the same throughout a
large project. In general, an “adequate” head will be a stream of
water lar i enou"i: to cover the ground without excessive loss of
water by dcep pmcolat;cn yet not so Iarge as to result in a movement
of water neross the field so rapid that it “does not become available to
the plants. The absorption of water is much more rapid by some
soils than by others, and a stream large enough for the proper ir-
rigation of a fairly nnpeluous soil mm-ht be wholly insufticient for
an open-textured soil with similar s]ope. Conversely, where imper-
vieus soils are encountered, the problem is to get the water into the
soil, rather than to get it over the ground w ithout loss by deep perco-
Intion so that in such case any increase over the size of an cffective
head will result simply in wasting the water at the end of the field.

To illustrate this matter further, reference is made to certain ex-
periments to determine the effect of applying heads of various size
to porous soils, made in 1910 and 1911 by W. G. Steward, of the
United States Reclamution Service, in Boise Falley, Idaho, and in
1915 by agents of this clep‘utment in qooperation with the State
(iopartmcnt of engincering and the University of California at Davis,
Calift The two groups “of experiments were made with heads of
very different ranges in size—1 to 4 second-feet in Boise Valley and
4.6 to 17.8 sccond-feet at Davis—but showed similar results, namely,
that the amount of water per acre required to get over the ground in
each cuse deereased markedly with the increase in head; or e\plessed
differently, that doubling the head resulted in covering the ground in

considers Iy less than half the time. The inverse ratios betieen size
of stream and depth of application of water necessarily apply only
to the conditions under which the experiments were made, but are
valuable in that they point out the extent of loss of water that may
oceur where inadequate heads are used on porous soils,

CONTINUOUS DELI¥ERY
PRINCIPAL FEATURES

This method involves the delivery of = stream of water, usually
very small, to each irrigator constantly throunghout the season. If 2
given amonunt of water is served conrznumtsly to each user over a
period of several months, the head or stream of water needs to be
smaller than if the same total amount is delivered at intervals. Like-
wise, 1f the use of very small heads for one resson or another is
necessary, then continuous delivery follows as a matter of course.
An exception to the above appenrs under some combinations of cir-
cumstances, such as on canals with late priorities delivering water

FHAnK, 4 I, EXPERIMENTS O THE ECONOMICAL USE OF IRRIGATION WATER IN IDATO.
T 8, Dept. Age. Badl 338, 58 p.. Sllas, 19318, ‘Phege cxperiments aee digcussed by Me,
Stew:l rel In o puper in ¥ leport of Tolse (‘nn!m-onco of Operatine Engincery, 1011."

+Apasty, B, Roneuwrsox, . 1., BeckprT. B , Fluremiss, W, A, ond Tspapnses, OO W,
INVESTIGATIONS OF THE EVONOMITAL DUTY OF \\ \N—n FOR ALFALVA 1N SACRAMENTO YVALLEY,
CALIFORNIA, 1910-1016.  CalL Dept. Engin, Bul 3, 78 p,, illus, 1017,

43552 —28——2
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not appurtenant to the land, where heads of several sccond-feet in
size arc delivered continuously throughout the relatively short period
during which water is available.

WHERE CONTINUOUS DELIVERY IS NECESSARY

In some situations there is no course other than to deliver water
continuously. On the stecp slopes of the Sierra foothills of Cali-
fornin the use of lurge heads is impracticable on account of the wash-
ing of soil that would result, and 1t has proved necessary to use very
small heads—sometimes as gmall as 1 to 3 miner’s inches.  Heads of
this size make continuous use necessary. ‘The same situation holds
in other parts of the country where water is applied on very steep
slopes, as well as on geotler slopes where the soll is easily washed.
Where water is to be applied constantly to rice, continuous delivery
s required.

WIIENE CONTINVUOUS DELIVERY MAY LE ADVAXTAGEOUS

There are other situnrtions where continuous delivery may not be
absolutely necessury, but where it will acecomplish the desired end
better than other methods. On glopes where the soils are either so
dight or so shallow that ircigation is required frequently, and for
soils so impervious that long runs with small heads furnish the only
means of effecting penctration of water, the continuous use of o small
head of water will often be more satisfactory tban the use of a
larger head at intervals, The real determining factor in such cases
is the necessity, resulting from the slope and soil, for using very
small heads; the need for frequent irrigation being a secondary
consideration because in 5o many cases it can be readily accomplished
by a method of votation at freguent intervals,

From the standpoint of irrigation farming, water is needed so
much of the time for small fruits and truck gardens that the con-
tinuous delivery of a smail stream for such crops is a decided advan-
tage, particularly as it will add little to the Iabor burden in growing
them.

WHEHE CONTINUQGES DELIVERY 185 NOT DESIRABLE

Continuous delivery is not adapted to soils so light as to prevent
small streams of water from getting over the ground without excessive
loss through deep penetration of moisture. In sach a situation the
only effective method of accomplishing irrigation, without excessive
waste of water by deep percolation at the upper ends of fields and the
drainage troubles so occasioned, is to use an irrigation head suffi-
ciently large to bring about a fairly wniform application of water to
all parts of the field. Continuous delivery under such circumstances
is likely to provide water when needed and in the quantities needed,
but only at the expense of an unjustifiable waste of water. Whero
this method of delivery is practiced. as it is so extensively in the
Northwest, under conditions of soil, topography, and crop production
which do net require its use to the exclusion of other methods, the
test of its usefulness will be: Does it provide streams of suflicient
size to irrigate the soils of the particular project without uncue
waste?

To answer this question with any degree of accuracy requires a
study of the soils of a given project and of what beconies of the wuter
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applied with heads of different ranges in size. There are countless
situations in which waste of this character is apparent from the difti-
culty with which small streams arc forced over the ground and from
the vase with which irvigation is nccomplished with larger streams,
without a decrease in yields of erops traceable to the smiller quantity
of water applied with the larger streams.

The size of heads delivered continuously in the Northwest has
usunlly resulted from contract or water right. Streams are frequently
onc-half or five-cighths inch per acre and seldem exceed 1 inch per
ncre, where an incli represents one-fifticth or one-fortieth second-foot,
according to the laws and customs of the State. A tract of 10 acres
mny be entitled to a delivery of only 5 miner’s inches, which under
the conditions obtnining on most of these projects is too smuall to be
at ail practicable. The owners of small tracts are forced to combine
their streans with those of neighbors and thus operate a local system
of rotation in use. Owners of 40 acres or more may command irviga-
tion heads of one-half to 1 sccond-foot. which they often consider
adequate for proper irrigation but which nevertheless is not adequate
on the more porous soils of light slope. Heads of 2 or 3 second-fect
have almost invarinbly given greater satisfaction when substituted
for the smaller strenms.  ‘I'his hus necessavily involved the installa-
tion of a limited system of rotation.

MODIFICATION OF CONTINUGOUS DELIVERY

Even relatively small changes in size of delivery stream have
proved difficutt to bring about on well-established projects, owing to
the reluctance of the farmer to civing up the right to a constant
stream of water, and have been limited mainly to small groups of
urers. However, there are notable examples of complete or fairly
comptlete changes that have proved very beneficial.  Minidoka Irm#
ration Distriet, Idaho, is an example of a project laid ont for con-
finuous deliveries, with laterals not equipped to carry the large heads
of water that a completely coordinated system of rotation would
make necessary, but on which local schedules of rotation have been
cffected. On Tieton division of Yakimu project, Washington, con-
tinuous deliveries were abandoned in 1914 in order to conserve the
water supply, for jt developed that the use of less water resulted with
larger individun) streams. ~ Continuous deliveries on Umatilla project,
Oregon, were given up as being unsuited to sandy soils and rotation
heads of 2 to 214 second-fect for heavy soils and 4 to 5 second-feet for
sandy soils were adopted. Lfforts along the same line, with varying
degrees of success, are being made by irrigation managers on several
smaller projects,

RESUGLTS OF CONTIKRUGUS USE

Continuous delivery does not ulways involve the constant use of
water by each irrigator, but at least gives him the right to use it con-
stantly.  An unfortunate rvesult is a heavier use of water than neces-
sary in many cascs, due primarily to the fact that the water is at all
times availoble. It is even charged in some localities that water
users seldom close their hend gates, preferring to waste the wuwer
when not needed, for fear that turning it back into the canal would be
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a confession that they need less than they rveceive. With the increas-
ing demand for water throughout the West, such practices can not be
countenanced indefinitely.

Where continuous delivery is practiced, much preventable waste of
water may be eliminated by measuring the water und charging for
it on n quantity basis where legally possible to do this. On those
Federal projects which make use of this system, the schedules of
rates provide for a minimum payment for a certain gquantity of
water per acre, and for a certain charge for each acre-foot delivered
in excess of the minimum, with the result that an irvigator pays for
what he wastes as well as for what he uses.

CONTINUOUS DELIVERY TU LATHRALS

The management of a project may deliver water to a Interal and
allow the users under the lateral to effect their own distribution. In
such ease continuous delivery to a lateral does not preclude the users
from rotating the water among themselves it such practice is better
suited to their needs. Desirable changes may thus be effected over
large portions of a project without making material changes in the
main distribution system.

USE OF CONTINUOUS-DELIVERY HEAR 0N THE FARM

Under a eontinuous head the farmer must rotate the entire stream.
or portions of it, depending upon the size, from one part of his farm
to another, catting hay or harvesting other crops from portions not
then being irrigated. This raises the objection that he is always
irrigating, instead of having periods of time devoted to irrigating
and the balance of the time for other farming operations. Just how
ebjectionable this is will depend partly upon the farm routine oc-
casioned by the character of crops grown and partly upon the tem-
perament of the individual farmer, and should not be permitted to
weigh against the method if it Is best for crop production.

TFINAL TEST OF EFFICIENCY

The use which can be made of the continuous head of water on
the farm provides the final test of efficiency of this method of de-
livery from the standpoint of maximum crop production. The fre-
quency and duration of irrigation are not necessarily under the
irrigator’s control because of his having 2 constantly flowing stream
of water &t his command, but only in case he has the use of an irri-
gating stream large enough to cover the ground properly, without
undue waste, whenever any portion of his farm requires irrigation,
A method of delivery that gives him an adequate irrigation stream
during just such times and no longer can well be said to have served
its purpose. This, however, is an ideal that in actual practice is
very difficult to reach. Continuous delivery under many circum-
stances fails to reach it on one or both of two counts—inadequate
head of water and unnecessarily long duration of use—each con-
tributing to a form of waste thut is often in large measure
preventable, '
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ROTATION PELIVERY
ESSENTIAL FEATURES OF ROTATION DELIVERY

Rotation is essentially the delivery of water by turns to various
portions of a project, with larger irrigation streams than are avail-
able for the individual nscr under the continuous-delivery method.
Trrigation turns are based on some form of schedule which governs
the frequency and duration of irrigation. With a given water
sapply, the planning of the sehedule and the size of irrigation head
necessarily cepend upon each other, and on both depends the advis-
ability of & rotation method of delivery under any set of conditions.

COMPARISON OF ROTATION DELIVERY AXD CONTINUOUS DELIVERY

Rotation in water delivery is desirable in many cases where con-
tinnous delivery is inefficient. Where the irvigation heads are too
smuall for efficient application to the soil, andrjwhcrc water supplies
must boe conserved more carefully, the combining of heads to a
degree sufficient to get over the ground properly and the deliver
of thig combined stream to different tracts at different times is
desirable. Except under circamstances of considerable slope and
light soils, or other loeal conditions untfavorable to this method,
the larger heads will cover the ground faster, with smaller quantities
of water applied to the soil, but with & larger percentage of the
application retained where it is needed. Tt has been the experience
of many canal muanagers who have campaigned in the interest of
rotation on small laterals, that those farmers who have reluctantly
made the change have become readily converted after a trial with
the Jarger streams.  Rotation involves cooperation and consequently
a sacrifice of the farmer’s complete independence in handling his
water, but this objection should carry littie weight against the ad-
vantage of securing an adequate irrigating head. Furthermore,
a saving in the labor of irrigating often results from the use of
lurger heuds, ,

From an operation standpoint, rotation and demand deliveries
undoubtedly incremse the difficulties of canal regulation, and
through the alternate wetting and drying of the sides and bottoms
- of canals they may cause the loss of a larger percentage of the
water carricd than would be the case if the canals were kept in
constant use.®

On the other hand, cansls used for rotation snd demand deliv-
eries are necessarily larger than for continucus deliveries under
otherwise similar conditions; in which connection a summary of
secpage measurements made in various sized unlined canals shows
g fairly constant decline in the average loss as the capacity
increases, ranging from an average loss of 25.7 per cent per mile
for canals of less than 1 second-foot capacity down to 1.0 per cent
for those of capacities of 800 second-feet and over.*

t Experlments (unpublished) by 0. V. I, Stout, irrigation enginger, nnd Onrl Roliwer,
nssocinte irrignéfon cugineer, in pooled channel sectlons In San Josquln Valiey, Calif.,
showod 1 constint inerense In the length of time requlred to mbsorb a glven guantiiy of
weter in o channel not theretofore used, ln enxndy sotl, the first experiment belng amde
while the sofl war dry and succecding ex?eriments while It remnined wet, wlih & drep In
the curve for n further tost made nffer the channel had stoed empty for 13 days. enta
fn n ehonnel that hnd been in use ahnost to the tme of the experlments in o he@vier
soi! showidd 1 simlinr trond, but nol s pronounced.

8 PoRPIER, 5. CONCRETR LININU AS APPLIND TO IREIOATION ciNang. T. 8. Dept. Agr.
Bul. 126, 8¢ p., iilus. 1014,
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VARIATIONE IN LOCAL-ROTATION METHODS

Of the many types of rotation delivery found in practice, the
simplest forms—and the least removed from continucus deliveries—
are those participated in by small groups of users on systems where
continuous delivery has been previously the rule and where deliv-
eries to laterals arve still continuous. These arrangements are some-
times limited to two farmers, snd in other cases affect an entire
lateral serving many farmers. They are usually voluntary on the
purt of the farmers concerned.

Necessarily these local arrangements vary widely in character
and cover many different situations. Twe examples of the simpler
forms in Snake River Valley, Idaho, may be cited. In the first case,
four adjoining 80-acre tracts are served by a lateral carrying a con-
tinuous stream of 160 miner’s inches, each tract using the entire
stream for two days at a time, the rotation period thus being eight
days. In the second case two 80-acre tracts and three 20-acre
tracts are entitled to a combined stream of 110 inches, which is
%iven for four days to each 80 acres and for cne day to each 20 acres,
the total period thus being 11 days. The schedules in both cases
are proving very satisfactory wherever the ground has been prop-
erly prepared-——much more so than when heads of smaller size were
being tried—although the smaller head and longe:r interval befween
waterings in the second example are somewhat less desirable than
the first schedule. Obvionsly the most satisfactory schedule under
such civcumstances will depend upon the happiest combination of
farms and farming conditions.

Local-votation methods left entirely to the initiative of landowners
who would otherwise take water continuously lead to a move efficient
nse of the water so far as they go, but frequently they do not go far
enough. The actual help and encouragement of the project manager
are necessary in developing methods that will yield the greatest good
from the greatest number of lateral streams on a project. Where
deliveries to the individual are under the manager’s control he can,
of course, accomplish much more than where he is limited to mak-
ing suggestions. The Minidoka irrigation district, in Idaho, has
been zoned on the basis of its water requirements as affected by soil
and topography. With these zone allotments as a starting point, and
with due regard for the crops and wisheg of the landowners, rotation
schedules are drawn up for the several laterals by the manager so as
to give irrigation heags ranging from about 2 to 6 second-feet for
lengths of time proportioned to the respective areas of the users,

In all of these cases cited the arrangements are local in effect be-
cause of the present capacities of ditches and structures, and have
been worked out to improve conditions so far as practicable without
occasioning a great outlay of money for new ditch work. Under such
practical limitations, where the larger irrigation heads are feasible
and beneficial and where the local schedules have a really substantial
basis of soil and crop requirements, it is difficult to conceive of a
better method of water delivery.

COMPLETE ROTATION SCHEDULES

Many ircigation systems are operated with completely coordinated
schedules of water delivery. Rotation schedules are ordinarily de-
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signed to meet the needs of soils or crops so far as they are known,
and to this end different schedules are sometimes planned for different
parts of a project. At best this is a difficult matter where crops ars
diversified, except under happy combinations of early and late season
crops; and when diversification is extreme, rotation deliveries fall
i’art%}eist short of supplying water when needed and in the quantities
needed.

With s given supply of water, rotation in delivery accomplishes,
under most circumstances, 2 better use of the water than does con-
tinuous delivery. This is generally true from the standpoints of both
the project and the individual user. Water delivered on demand of
the user can usually be put to an even better use by the individual,
but’'in many cases will not accomplish se much throughout the project
as a whole. Under such circumstances o properly designed rotation
schedule will fit the situation best.

Schedules on the portions of a California project in which rela-
tively heavy soils predominate are based on the delivery of 1 second-
foot to 10 neres for 24 hours each 15 days. This plan was adopted as
being the most equitable in view of the eapacity of the distribution
system and the fact that soils and crops were fairly uniferm over a
lavge nvea. Qbviously the plan would not be equitable if no deviation
were allowed. A schedule is prepaved on the above basis for each
diteh in the avea, but departures ave arranged for, or are permitted as
between neighbors, to the extent allowed by the ditch capacity. On
account of the original layout of this project, the management could
not provide for varying local needs to the extent desired.

Contracts for the delivery of water on a Montans project pro-
vided for o maximum of 3% acre-feet per acre per year, or one-half
acre-foot per acre in any one month. 'This required delivery at the
rate of 1 sccond-foot to 120 acres, and led to the adoption of a
schedule on substantially the following basis: 1 second-foot contin-
uously to 120 acres, or for a full week every other weelk to each 60
ucres, or for three and one-half days every other week to each 30
acres, with double the length of run each fourth week for orchard
tracts. 'The contrnct requirements were faulty in providing equal
monthly quantities of water over a five-month season, because the
grain and orchard crops particularly needed water over a much
shorter period, and often needed more than the monthly allotments.
In the enforcement of this schedule the general arrangement has
been followed, but not too much diligence has been exercised in hold-
ing down the June and July deliveries to the scheduled figures. As
more of the land in this project becomes developed and the water
requires more careful regulation, it will probably become necessary
to revise the delivery schedule to conform more closely to the crop
needs.

Many cases could be cited of schedules based solely upon two or
more soil classifications. In general, these schedules provide for
deliveries at relatively frequent intervals to porous or shallow scils
and less frequently to the tighter, more retentive soils, with heads
of water shown by experience to be necessary to get over the ground.
Very few attempts at greater refinement are known. Where crops
are untform—ior example, on }]J;'ojects or units of projects composed
entirely of orchards—it has been possible to work out rotation
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schemes that satisfy the irrigators and that apparently make good
use of the water supply.

It is a difficult matter to work out a schedule that will malke the
most complete use of the water supply and at the same time fulfill
Individual requirements. Except under the most favorable con-
ditions of uniform soil and crop requirements, u rotation schedule
can not meet fully all local needs, and to do the greatest good will
necessarily strike a balance between the limitations of water supply
and of the irrigation system, if already constricted, on the one hand
und the needs of the irrigators on the other. To accomplish this, it
is entirely feasible to divide muny projects into units and to treat the
units separately. Therefore, where continuous delivery is out of the
question, und where delivery on demand, for reasons that will be
brought out Iater, is less practicable than in rotation, that sehedule
which most closely approaches the ubove requirements will provide
the most eflicient method of delivery.

FLAMING TILE SCHEWULE

Comprehensive schedules are least difficult to prepare for systems
designed to carry large heads of water and where the water supply
is fairly well sustained throughout the season.

The point of departure in designing the schedule is to ascertain
the water requirements of the soils, and so far as practicable those
of the anticipated crops. It may then be decided to what extent
the water can be made to mect these requirements. For example,
it is determined that 365 acres ot silt-loam soils nnder laternl X
require water every 10 days with an irvigation head of 5 second-
teet, making a total annual application of 3 acre-feet per acre over
an irrigation season ot 150 days, or an application of 0.2 acre-foot
per acre per irrigation. To irvigate this area at this rate will re-
quire 7.3 days and 2.7 days of each 10-day period will be left during
which the head of 5 second-feet may be used elsewhere. The re.
quirements of ull other units have been similarly determined. Then,
can the water deliveries throughout the irrigation system be so co-
ordinuted that all units may receive their allotments regularly? I¢
not, how close un adjustment ecan be made? All crops will not
require the same total quantities of water, nor will their monthly
requirements be the same. Tt will often be possible to favor certain
crops af those times when their needs are greatest, using such crops
as alfalfa, which is irrigated over relatively long periods, to bal-
ance the seasonal deliveries, In this way the diversification of
carly and late season crops lends itself to” the rotation method of
delivery. ’

USE OF SHOHT-SEAS0N WATER BUPPLY

Trrigation systems in some parts of the country depend upon the
direct flow of streams which are commonly dry by midsummer.
In those situations, where continnous delivery is not racticable, the
most effective plan is to keep the canals full while water is available
in order to serve users practically on demand as long as possible, and
then to rotate the diminishing supply until it gives out entirely.
When the supply is very short—for example, only enough to give
each irrigator one thorough irrigation—rotation is more economical
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at the outset. If demands are slow in coming in and the project
janagement can not afford to waif for them, rotation at the start is
necessury. As n nsual thing under such circumstances there is
plenty of demand for the water while it is on hand, so that. rotation
may be postponed until the supply is such that demand deliveries are
no longer feasible.

ROTATION IN COMBINATION WITIHH OTHER METHORS

Rotation may sometimes be combined profitably with some other
method of water delivery, as indicated in the preceding paragraph.
This method may also be employed during the times of heaviest
use of water to etse the strain on the method usually employed and
thereby incrense the cfficiency of the water supply.

There are many examples of this procedure, of which the peac-
tice on Novth Platte project, Nehr., is typical of a well-coordinated
plan. Water is ordinarily delivered on demand, or continuously
if the irrigator wishes, while water is plentiful. "Then as the ivriga-
tion of sugar beets and other row crops starts, while alfalfa is grow-
ing fast, the demands for water accumulate to a point where the
canal enpacity is not sufficient to carry the quantity ot water desived,
and rotation is temporarily put into effect in the several divisions,
the intervals between waterings being increased ss the demands in-
crease. After the peak has been passed and the demands grow
lighter, the process is reversed until each division is back on its nor-
ma! basis of demand or continuous deliveries.

ORDER OF ROTATION OX LATERATH

The order in which a single rotation head of water is delivered
to farmers on a given lateral is of little consequence under many cir-
cumslances, but does make a difference in other cases. The most
imnortant tcasons for adopting one end or the other as the starting
peint are:

Tn beginning at the upper end, the only loss of © backed-up 7 water
oceurs nfter the last user has eompleted his irrigation, whereas in
working up the ditch there is some loss at every change. TFurther-
more, little time is lost in priming the ditch n a sandy country.
There is also less likelihood that water will be stolen from a stream
that is passing lands already irrigated.

In beginning at the lower end, however, the unirrigated farms
above a break furnish an outlet for the water while vepairs are under
way: although the same effect may be had by leaving a small lateral
or ‘sublateral as a “safety valve” while rotating down the ditch
and picking it up later. In working up the ditch no time is lost
during changes of water—an advantage that tends to offset the addi-
tional time required to get water to the first user by this method.
Under some circumstances the users at the lower end of a ditch may
have greater assurance of receiving water if deliveries begin at that
end.

Probably in the greater number of cases where the order of deliv-
ery makes a real difference, the advantage lics in beginning at the
upper end of the lateral.

6$509° — 243
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DELIVERY ON DEMAND

Situations in which continuous delivery either is not feasible or is
uneconornical, and in which delivery at intervals is preferable, have
been pointed ont. Intermittent deliveries in rotation hzve been shown
to be seldom entirely satisfactory from both of the two standpoints
of individnal soil and crop needs and best utilization of the project’s
water supply. If, therefore, is next in order to inguire in what situa-
tions the intermittent delivery of water on demand of the user will
better suit all requirements,

DIFFERENCE BETWEEN DELIVERY 0F BEMAND AND CONTINTOUS DET.{V%HY

The demarnd of the nser is an element of continuous delivery, in
that the irrigator may call for his allotted stream whenever he wants
it and may keep it as long as he wants it. The fact that he and all
other irrigators niay keep their respective streams constantly limits
the size of those streams. On the other haud, if the irrigation
streams are large enough to render their constant use impracticable,
intermittent delivery necessarily fellows. Therefore, in the classifi-
cation of delivery methods, it is important to. emphasize the fact that
the method commonly termed delivery on demand” deals with
irrigation heads which are of such size that they may not be used on
the same tracts constantly and which are consequently subject to use
by different irrigators at different times. To summarize, demand
delivery, in common with the rotation method, differs fundamentally
from continuous delivery in frequency of irrigation, duration of
irrigation, and size of head or streum of water.

ESSEXNTIAL FEATURES OF DEMAND DELIVERY

The elements of the demand method are deliveries of water when
requested by the user, in the quantities asked for, and, within reason-
able limits, with the size of irrigation stream desired. Deliveries of
this charucter are oebviously most satisfactory to the individual user
and best suited to his needs. Whether they also make the best use of
the project’s water supply is another matter.

ECONOMY OF DELIVERY ON DEMAND

To malke the most complete use of a given water supply, deliveries
nust be made while the water is available and to the extent that it is
available; in other words, the use must conform to the supply. On
any project the supply and the needs of crops necessarily vary from
year to year. and a perfect adjustment is an ideal that can seldom

e carried out. There are conditions under which delivery on demand
15 either wasteful of water or uneconomical from an operation stand-
pomnt, where the benefits to the individual do nos ontweigh these
objections; and there are also many situations in which the method is
entirely feasible.

FAVORABLE CONDITIONS FOR DELIVERY

An ample water supply facilitates any method of delivery, but is
particularly favorable to the use of the demand method under certain
conditions.  Where the water supply is just cnough for the suitable
irrigation of a project if diverted continuously, the management can
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not always afford to wait for demands during parts of the season and
can mot properly fill the demands during other parts, in which event
4 plan o}jrotntion conforming as closely as practicable to the soil and
crop needs will make a better use of the water supply. In such case
an increase in the supply will tend toward the feasibility of demand
deliveries. The question of the economy of using an added supply
of water for such purpose is, of course, Iocal in every case.

Another feature of this method that i widespread in application
is the opportunity to deliver water on demand in the early stages of
a project’s existence, while the water supply Is In excess of the needs
of the relatively small percentage of lands settled. Water may usu-
ally then be delivered whenever the irrigators want it. A result to
be guarded against during such times is the tendeney townrd exces-
sive use, which, in a number of cases, has led the irrigators into
bad habits not easy to break. Latitude as to the time of delivering
water is quite possible without undue laxity in the individual
quantities delivered.

Delivery of water on demand while relatively few farms are under
cultivation, is not feasible when the operation costs are too high in
proportion to the area served. A pumping preject is peculinrly
subject to this condition. o bring the operation costs within reason
under such conditions, it has proved necessary on some systems to
limit the operation of the system to certain pertods during the season
within which deliveries are made to the extent desired by the irriga-
tors. The extent to which limitations of this character arve necessary
depends upon local cconomic factors.

CONTROLLED WATER SUPPLIES

A water supply controlled by the project management to the extent
that it may be drawn upon as needed lends itself in a peculiarly
favorable way to deliveries on demand. In fact, the ideal situation
from the standpoint of supplying water when needed and in the
quantities needed, and at the same time making the supply go far-
thest, is the delivery on demand of water from & carvefully regulated
snpply. It is not nccessary that the supply be abundant. The
demand method will function satisfactorily with a restricted water
supply under close regulation as long as it is sufficient for the
project lands.

Deliveries from reservoirs provide many examples of this character.
Other examples are found on projects which obtain water from arte-
sian wells and from pumped wells. In other cases water supplies
derived from the direct flow of streams, that would ordinarily not be
subject to economical demand deliveries, when supplemented by
storage or by pumping are satisfactorily delivered on demand, Many
growers under the Santa Ana Valley Irrigation Co., in California
found their 28-day rotation schedule during the prorating periods
unsatisfrctor v and formed the practice of obtaining small quantities
of water from meighboring pumping plants, to fill out their needs.
To remedy this condition the company itself began buying water
from planis owned by stockholders to supplement its regular supply
and thus became able to deliver on demand throughout the season.

Tha experience of Salt River Valley Users’ Association, Arizons,
is illuminating, This project hus w regulated water supply. With
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& largo incrense in area devoted to such crops as Iong-staple cotton,
aarden truels, and melons, the management tried out & demand ser-
viceand concluded that the slightly increased cost over that of rotation
delivery was an investment well werth while. It was found that in-
crensed crop production and a material saving of water, as well as
improvement 1 service to the user resulted.  With demand deliveries
in effect the farmer knew that he could have water within a fow days
at any time and did not use more than immediately necessary even
during the summer, whereas under an eight-day rotation schedule,
while faced by the possibility of hot winds or high temperatures dur-
ing the succeeding eight days, he had bren accustomed to applying
more than was actually needed at his turn.

ECOXOMICAL TRANSMISHION

This_feature may be subdivided into two parts: (1) Transmis-
sion without heavy losses regardless of the area served; and (2)
transmission made relatively economical because of the close settio-
ment of project units,

(1) A pipe system through which water is delivered under Pres-
sure involyes minimum transmission losses and is convenient for the
users, provided the capacity of the system is sufficient. No time is
fost in transmitting the water, for on completion of a delivery the
closing of the outlet valve makes that delivery stream immediately
available inany other part of the project. Such systems necessarily
are of high cost, and on many projects would not be justified by the
agricultural procluction.  Their ~installation has been confined
muinly to orchard sections.

Transmission losses in open channels are sometimes so oreat that
delivery on dewand to scattered tracts of land involves losses of
water and of time out of all proportion to the area served. In such
cases canal linings to the extent of their effectiveness in preventing
losses tend to bring demuand deliveries within the range of economical
operation,

(2) Where irrigated farms ave widely scattered, rotation is more
economical than delivery on demand because under rotation a num.
ber of users are served with a single run of water, The close settle-
ment of an irvigation project means so many applications for water
from u given territory within a short period of time that a method
may be und frequently is used that combines the advantages of the
rotation and demand methods, namely, rotation on a lateral to those
users who have asked for the water. In well-settled Gistricts, users
may often have the benefit of deliveries practically whenever they
want them without rendering the transmission of water on that
acconnt less ecenomical.

BALANCING SUPPLY AND DEMAND

The problem of balancing supply and demand may be treated
Trom the standpoints of (1) character of water supply, {2) demand
as affected by size of project, and (3) demand as affected by diversifi-
cation of soils and crops.

(1) An unregulated water supply that reaches its peak during the
summer will offen contribute to a sufficiently close balance between
supply and demand to justify demand deliveries. The direct flow
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of streams that are highest in the spring and drop rapidly during
June is not adapted to this method. _

(2) The size of the project is often an element to be considered m
deciding the ¥easibility of the demand method, in that an increase
in the number of irrigators tends to diversify morve the times that
water is wanted. On the larger projects, theretore, there exists
groater opportunity. for a uniform curve representing the number
of requests for water throughout the season.

{3) A project on which the soils and crops are diversified is in
grentest need of deliveries of water on demand and at the same time
creates a situation favorable to demand deliveries. It has been shown
that rotation deliveries do not completely satisfy the needs of proj-
ccts on which soils and crops are greatly diversified, except where the
enrly und late season crops tend to balance each other. Even in those
cnses demand deliveries conform more clesely to individual needs.
Where such diversificution is prorounced the demands in turn tend
to spread out over the season and in this way are betlter balanced
with a continuing supply of water than if the soils and crops were
more uniforn,

The situation in Farmers irrigation district, Nebraska, illustrates
this. The irrigation of small grains takes place early in the season
and is lnrgety completed before the irrigation of sugar beets begins.
Alfalfa is watered at intervals throughout the season. The acreage
in cach of these crops is normally large. On a project containing as
much irrigated land as this, such diversification goes far toward equal-
izing the demands for water and permits of smaller canal eapacities
thun would be necessury otherwise.

On the other hand, as is the case in eertain parts of the inferior
valley of California where large heads of water are desired at rela-
tively infrequent ‘ntervals for alfalfa and orchavd lands, demand
deliveries would lead to considerable waste where only one person
on a lateral needed water. Where these conditions are extreme u
flexible rotation method is more economical and may be made reason-
ably satistuctory to the users, and demand deliveries will be justified
only when such diversifiention takes place that smaller heads, more
frequent irrigations, and smaller laterals will be called for, so that
water may be kept practically constantly in the longer laterals and
sufficient 1rrigation heads may be available to reach the users within
a short time after they want them.

TRACTICAL LIMITATIONS ON DEMAND DELIVERIES

The delivery of water precisely when wanted is very difficult to
sccomplish owing to the distance water must be carvied and the
inadequacy of canal capacities for taking care of many irrigators at
the same time. Consequently several days’ notice from the user is
usually necessary. Records kept by Salt River Valley Water Users’
Association show that 84 per cent of all demands are filled sithin
94 hours, 96 per cent within 48 hours, 99 per cent in 72 hours, and
100 per cent in 96 hours; in other words, that a user on that project
is nlmost certain to have his water within two days and in the vast
majority of cases within one day.

Circumstances occasionally muake it necessary to withhold deliv-
eries pending the accumulation of demands. This is particularly
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true when water is scarce und the most eflicient Ccarrying capacities of
canals must be utilized to malke the most of it, as well as when opera-
tion costs are so high as to requirve consideration,

Some restrictions as to the size of bead or stream are, of course,
necessury, Having determined the most eflicient sizes for use in a
given locality, the rrigator may have a choice within limits governed
Inrgely by canal capacities.  Available heads on the Salt River
project range in size from 25 to 600 inches, depending upon topog-
ruphy, soil, and crop; the only restriction is that on very small truets
the head must be such that it will not operate to waste water. On
smaller projects it s frequently impracticable to deliver heads of
such wide range in size.

COMPARATIVE SUMMARY OF METHODS

In its last anal?'sis the method by which water may be delivered
on any project is dependent upon the physical conditions under which
delivery must be made and upon the water supply. Within these
limitations, however, any choice that may be made should certainly
favor the needs of the water users.

CHARACTER OF SOILE AND TOPOGRAPHTY

Lands lying on very steep slopes require continuous delivery of
water on account of the necessity for irrigating with very small
heads. On slopes where the soils are light or shallow, frequent light
applications of water are necessary, and continuous delivery to the
farm or rotation deliveries at short intervals will fit the situation
best. Seils of impervious character muke continuous delivery advan-
tageous, although frequent rotations will do in some cases, depending
upon how small a stream is required and how long it must be used
to saturate the soil. :

Continuous delivery is wasteful where the soils are o light as to
Prevent a continuous stream from covering the ground without exces-
sive loss of water due to decp percolation. TIn such cases the larger
streams afforded by the rotation and demand methods are required.

Rotation deliveries are more feasible on projects or sections of
projects in which the soils and crops are similar in water require-
ments than where they are diverse.

CAPACITY OF DISTRIBGTION BYSTEM

Laying out a system for the delivery of very small heads praec-
tically compels the use of continuous deliver ', unless funds become
available for enlarging canals and replacing structures at a later
date. If small irrigating heads are not otherwise necessary or
advisable on such system, local rotation programs or modified demand
deliveries on laterals or sections of laterals will improve the situa-
tion. The flexibility of rotation or demand deliveries is distinctly
limited by the capacitics of distributing laterals.

Reduction of transmission losses in canals makes demand deliveries
feasible in some cases where rotation would otherwise be required.
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CHARACTER OF WATER BUPFPLY

The character of the water supply is a potent factor in determining
the method of water delivery.

Where the water supply is limited contingous delivery is ineflicient
pecause the prorated heads are too small. If conditions require the
use of such small heads, there is no alternative. Otheriwise rotation
delivery is more efficient in giving larger streams to individuals and
thus making the water supply go farther. Rotation can be used
further to ense the strain on a program cf continuous or demand
deliveries during the periods of heaviest use of water. Deliveries of
2 limited water supply on demand are not efficient, unless the supply
is regulated, because the management can not afford to wait for
Jdemands. Where the water supply is more abundant, continious
delivery often lends to extravagant use because the water is con-
stantly on hand—a condition which may be ameliorated by charging
for water on & quantity basis. Abundant water supplies are espe-
cially favorable to demand deliveries.

Uniform monthly diversions of water seldom coincide with crop
requirements.  With such a water supply, in case of a large project,
demand deliveries are often most satisfactory owing to the daversity
in times of wanting water created by a large number of users. A
water sapply that ishighest in midseason is best balanced with the
total demands and lends itself on that account to deliveries on de-
mand. Water supplics that are greatest in the spring and that tall
rapidly diiring the carly summer are best distributed by demand
deliveries during the first weeks of the season, followed by rotation.

A water supply subject to close regulation can be adjusted within
renson to the needs of crops and soils and can be delivered most
satisfactorily on demand, provided transmission losses are not too
great.

CHARACTER OF CROPS

Continuous delivery is advantageous for small fruits and garden
truck, which require water in srall quantities vel:[y often throughout

the scason and require attendance much or all of the time, and for
{ice uncler the practice obtaining in many rice-growing sections of the
Vest.

Uniformity of crops over large areas, in which also the soils are
at least fairly uniform, tends to make possible the framing of a rota-
tion schiedule suitable to the needs of soils and crops. Great diversi-
fication of crops makes rotation unsatisfactory in that the water is
not suppiied when needed and in the quantities needed. In such case
demand deliveries give far greater satisfaction to the users. If
demand deliverios are not. feasible, the only recourse is to seek a rota-
tion schedule that strikes a balance between the needs of individual
users and the limitations of water supply. Diversification of early
and late-season crops, however, lends itself much more readily to
rotaiton deliveries.

SETTLEMENT OF PROJECT
On & project only sparsely settled rotation deliveries are most eco-

nomicat because of the service of a number of users with a single run
of water. Continuous deliveries entail heavy losses of water nwing
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to the nttenuation of the streams. If the water supply is abundant
nnd operation costs are not ton high, demand deliveries, which suit
the individual best, may be feasible. As the irrigated arva, and the
total water requirements of the project increase, a point is renched
where the supply no longer exceeds the demand, and rotation may
become necessary in ovder that every user may have enough, Still
later, with close settlement of the land and better knowledge of
\rnter requirements, it may become practicable again to deliver on
demand.

CANAL OPERATION

Rotation and demand deliveries ave more compiicated than con-
tinuous delivery, and the alternate wetting and drying of canal banks
cause the Joss of more water than would be occasioned if the banks
were kept wet. On the other hand, rotation and demand deliveries
are mude with larger streams, which have been shown to lose pro-
portionately less water in transit than do the smaller streams.

FARMING OI'ERATIONS

Continuous delivery becomes a part of the regular farm routine
and necessarily requives g great deal of the furmer’s attention.
With such crops as small fruits and truck continucus irrigation adds
very littlo to the labor burden. A rotation schedule is burdensome
to the extent thet the farmer must take the water whether he is
ready for it or not at the risk of losing his turn; yet it carries assur-
ance that the water will be delivered at the appointed time, so that
other farming operations may be planned to conform to it, Delivery
on «emand, provided requests for water arc promiptly complied with,
can be made to satisfy individuul needs as they arise.

CONCLUSIONS

Continuons delivery has & distinet field of usefulness, but 2 narrow
onc, and where circumstances do not require its use it should not he
used.  Rotation delivery not only puts the water supply of a project
to » higher use but if properly planned may often be better for the
individnal. Demand deliveries aro not always sufficiently economi-
cul to justify their use, but where they are feasible they are most
satisfactory in providing water when and in the quantities needed
and_with irrigation heads large enough to eliminate much waste in
applying the water,

TREND

Projects on which the method of water delivery has been changed
in recent years are not numerous. Any trend that is observable at
present is toward rotation, usually on small laterals, on some of the
projects in the Northwest heretofore operating on a continuous-How
basis, and from rotation to demand deliveries on a few projects in
other sections.

WATER-DELIVERY ORGA NIZATION

One of the principal parts, and usually the largest, of the admin-

istrative orgranization of an ierigation enterprise is the water-clelivery
force. The importance of g loyal and efficient water-delivery or-
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manization can hardly be overestimated. These men are intrusted
with the protection of the irrigation system and with the diversion
and distribution of water to the irvigators, and while performing
the last-named function they come into daily contact with the water
users, who, in the greatest number of cascs, are the owners of the
irrigation works. ‘I'lie best opportunity for successful operation
Jies n thorough cooperation Letween the water users, employees, and
officinls, which in the last analysis depends mainly upon the efforts
of the water-delivery force. They must go more than halfway.

SCOPE OF ORGANIZATION

Water delivery is the principal function of operation, which is
direeted by a manager ov superintendent reporting to the board of
dircetors or other wgeneral managing body of the irrigation enter-
prisec. The operation force under the muinager or superintendent
inelndes water mnasters, ditch tenders, dam and head-gate watchmen,
pump operators, hydrograpbers, and such office assistants as arve
necessary in receiving reports of ennal stages, dispatching water, and
keeping records. The water master is the operation field man in
chavge of all ditch tenders, watchmen, and other operation employees
on a small project or division of a lacge project. .

On large projects it pays to have separate orgunizations for opera-
tion and muintenance; small enterprises can not always afford it,
and are content with a small maintenance force working under the
water master. ILikewise it is only the larger projects that have
sepurate departments for handling routine engineering work.

RELATIONS WITH WATER USERS

Emplovees engaged upon water delivery—primarily the ditch
tenders—are usually the only ones whom the farmers see frequently,
and are consequently called upon to handle almost all relations be-
tween the enterprise and farmers. The board of directors is the
nitimate source of appeal on disputed matters, but should not be
requirved to participate in those minor controversies that necessarily
nvise in operating an irrigation system. Many trivial matters may be
smoothed out by the ditch tenders, and more serious cases not mvolv-
ing questions of policy may be talken to the water master and superin-
tenclent.

As the population on an irrigation project increases and as land and
water become more valuable, the water users are often found to de-
mand the better service for which they can then afford to pay. Yet
the early stages of n project’s existence are the most critieal, and
abundant experience has shown that development may be seriously
retarded if the irrvigation needs of individuals during these early
years ave not given adequate attention.

PERSONALITY OF THE MANAGER

While the suecess of an irrigation enterprise is not necessarily
determined by the character of the management, the irrigation man-
ager may accomplish much by adopting the right attitude toward the
farmers. Just what is the right attitude may depend to some extent
upon the local situation, but the fnndamentals are generaily the
same. Engineering training, executive ability, and business sense
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sre most valuable assets, but they are not enough. Ability to get
along with the favrners and a real interest in their problems are
equally important. Bulldozing tactics fail in the long run, and the
irrigation managers who have been most snccessful and who have
stayed longest have heen both tactful and firm in dealing with the
water users, The successful managers have found it important to get
the farmer’s point of view and to respect it; to listen to him when he
comes to the office and to attempt to convince him if he is wrong;
and to show u reul interest in his crops, livestock, and other interests
and problems while driving over the project, even at the cost of tak-
ing up valnable time. Adfter all the water user pays the bills, and
upon his individual success in the aggregate depends the success of
the enterprise. This has not always been the peint of view on irriga-
tion projects, but it is coming to be more generally appreciated.

DITCH TENDERS

DUTIE3

The operationn of an irrigation system, involving as it does the
carrying of water in artificial channels which lie in almost all cases
above the natural drainage channels of the country, demands constant
vigilance on the part of all employees from superintendent down,
Even a small break is certain to cause some damage, and if not
quickly stopped may result in great disaster. It is therefore neces-
sary that the water-delivery force be available at a moment’s notice
to help repair a break at any point on the system. The ditch tend-
ers are therefore on duty 24 hours a day throughout the irrigation
season, even though their routine work may be accomplished in 8 or
10 daylight hours or even less.

Cunals must be patrolled and water delivered on Surday as on
other days., Where the water supply is fairly continunous, however,
the ditch rider’s Sunday work can often be lightened by allowing
no water changes on that day.

Patrolling canals—Patrolling consists of traversing canal banks
and watching carefully for gopher holes, leaks, and other poten-
tially dangerous conditions. Most canals require frequent patrol-
ling during the irrigation season to assure their safety. The amount
of atfention requived in any case depends upon the location and
condition of the ditch and is often learned as a result of bitter ex-
perience. The nge of the canal has an important bearing upon the
amount of patrolling required, for the danger of breaks often be-
comes less after years of service and constant sttention to its con-
dition, Under ordinavy circumstances one daily inspection suffices
for a well-seasoned unlined canal. An extreme instance was noted
on a Nebraska system, where one section of a large canal, resting
ﬁn 2 very unstable foundation, was being traversed 16 times each 24

ours,

Practically every ditch tender is called upon to do 2 certain amount
of such work and is necessarily equipped with shovel, pitchfork,
empty sacks for stopping breaks, and offen a hook for manipulating
flashboards and reaching floating wood and refuse. Canals that
traverse many miles of unirvigated country—as is ususlly the case
at the upper ends of large main canals—require the services of men
who do nothing but patrol their banks periodically.
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Delivering water.—Aside from guarding the safety of all ditches
under his jurisdiction the ditch tender’s most important duty is to
deliver water to the irrigator. Each ditch tender is assigned certain
ditches or sections of ditches for which he is solely responsible. His
business is to take charge of all water flowing in these ditches, to
distribute the proper quantities to the proper users through their
respective delivery gates, and to pass on the surplus, if any, to the
ditch tender or tenders next below him. Where measuring devices
ave installed it is his duty to messure the quantities veceived, de-
livered, and passed on by him; otherwise he has to use his judgment
in estimating these amounts. The ditch rider, under the conditions
to which he 1s aceustomed, has an excellent opportunity to become 2
good judge of heads of water, and the experienced ones usually do so.

One concern of the ditch rider is to safeguard the interests of the
last user on each ditch--the so-called ®tailender —who feels the
effect of every change made on the ditch above him and can be
protected only by careful regulation of the flow. One of the im-
portant and very difficult duties of the ditch tender is to get the
right nmount of water to the end of the ditch and thus avoid the
tendency either-to ent the last user short or to drown him out. An
emergency waste gate at the tail end of a ditch is of material assist-
ance 1n sccomplishing this.

Daily routine—It is apparent that the ditch tender’s work in-
volves much moving about and a great deal of routine. Where con-
tinuous delivery is practiced, his work may be very much the same
day after day fzr weeks at a time, and may consist mainly in visiting
each delivery gate and noting the water stage. Rotation delivery
brings more variation and demand delivery considerably more,

It is important that the ditch tender keep in as close touch as
racticable with the water master or superintendent’s office to report
is findings and receive instructions. As he is the one who moves

about most, it is desirable that he report at a fixed time daily by
telephone. His time of starting work in the morning is apt to be
mors reguler than that of returning to his quarters in the eveninﬁ;
hence a morning report is often preferable. ~On the other hand, the
intricacies of water regulation on a large project frequently call for
daily information on fotal water deliveries in each division, which
almost necessitates evening reports on account of the total time con-
sumed. Inasmuch as operation conditions are subject to radical
changes overnight, an additional morning call is advisable from
ditch tenders who report in the evening.

A part of the daily work of these men is to watch for unnecessary
waste of water and to take steps to remedy it; to trace down un-
authorized use of water or use on land not entitled to receive it; and
{o receive complaints and adjust them or report them to those in
charge. It is generally advisable for the ditch tender to ride his
canals according to a reasonably definite schedule, so that the water
users may have some ides as to when to expect him. Irritation on
the part of the water user is easily caused by missing the ditch rider
several days in succession. On the other hand, where the ditch
tender has reasons to suspect tampering with the water supply, an
unannounced change in itinerary may enable him to apprehend the

guilty party.




28  TRCEHNICAL BULLETIN 4%, U, S, DEPT. OF AGRICULTURE

Reading gage heights on main canals and main laterals is a
routine duty.
MAINTENANCE

During the irrigation season patrolling, delivering water, and
incidental work are as much as the ditch tender can handle properly.
He can do the superficial canal cleaning necessary to keep the canals
open, such us clearing trash from structures and removing other
obstructions, but his other work requires such connected, concen-
trated attention that it is not wise to saddle much maintenance work
upon him during the irrigation season, except of course in case of
emergency, It has proved better practice to confine the ditch tender
to a full day’s work as outlined sbove and to employ a separate main-
tenance force. The assistance of the ditch tender is available in case
of a break and there can be little objection to using him on mainte-
nance work during slack periods. During the nonirrigation season
the more capable men «an be used profitably as foremen in their
respective territories on canal cleaning and general maintenance work.

QUALIFICATIONS

General—The ditch tender’s work requires tact and ability to get
along with the farmers, at the same time strictly enforcing the rules,
It is highly desirable that he shall have been an irrigation farmer
or have acquired irrigation experience in some other way, and that
he shall have lived in the country long enough to understand local
conditions. The ditch tender should know his territory thoroughly,
for he has always a responsibility in the care of his particular part
of the irrigation system. One of the best qualifications is & reputa-
tion for impartiality. Needless to say, sobriety is a prime necessity.

The booklet entitled * Instructions to Operation Employees " of
Farmers Irrigation District, Nebraska, may be guoted on this matter
of qualifications: .

The diteh rider holds a very important position in the delivery of water, and
should possess certain qualifientions to fill his position competently, He should
have n good general education and some apricultural training or experience,
He shouid be strong, healthy, energetie, resourcefnl, and tactful; able to make
geenrnte computations in arithmetic and keep accurate records of water deliv-
ered. He should, by all means, be willing to perform hard manual labor, in
case of breiks or on maintenange work, and should not be afraid to get into
the water, if necessary. He should have some experience in miscellaneous
cnnstruction work, to qualify him for foreman on maintenance work, which
muy be required at any time. He should szlso leavrn fo use carpenter’s fools,
as eonsiderable work on wooden structures wiil be requirved.

The ditek riders will be required to give their entire time to their work, and
will not be ailowed to devote a part of their time to farming ov other private
work. Loitering will not be folerated, and the diteh rider should tzke pride
in keeping his ditches in good opernting condition, and in making a satisfactory
recorl of water delivery for his division. He should become personally ac-
quuinterl with all of the water users in his diviston, conditions of soll, crops,
ete, and should know, or learn, much about irrigation. A copy of fhe booklet
entitled * Meusurement of Irrigation Water " will be furnished each diteh rider.

Ownership of farms.—A wide difference of oninion prevails among
irrigation manggers as to the wisdom of allowing difch tenders to
own farms and & hard-and-fast rule regarding farm-land ownership
may easily lead to injustice, while no rule at all may cause trouble.
Plans that have proved feasible in practice have involved allowing
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the canal rider to own a small farm if not under o ditch controlled
by himself; or if arrungements have been made to have all farm
work done by hived labor or by other members of his family; or if
the farm consists of only a few acres. In any case there should be a
definite understanding that the ditch work is to come first and thet
the ditch tender shall remain subjeet to call at any hour of the day
or night, for under no other circumstances will the ditch operation
Prove practicable.

Checking.—Systematic checking of the work of ditch tenders is
practicable to only a limited extent and only on large projects, owing
to the great expense involved. The most constructive service that
can be rendered by “ checkers ” is in keeping individual measurements
of water up to standard by instructing the ditch tender, rather than
by following him at a Iater hour to duplieate his measurements, for
two reasonably accurate measurements made at the same gate at
different hours may show entively different vesults, The checkers’
work, vonsequently, is most valusble with new men.

Ratings—Dfticiency ratings of ditch riders involve exactly the
same principles as those of employees in other lines of work. The
most comprehensive eating called to the author’s attention was that
of Twin Falls Canal Co., Idaho. Ratings are made independently
by the manager, superintendent of operation, and division water
master. The following subjects are included: Natural adaptation,
care of stream, use of due column, complete record, transfer from
columin, transfer to column, prompt response to orders, transfer of
cards in boxes, care of company property, industry, expertness.

MEETINGS

Periodical mectings of ditch riders, presided over by the superin-
tendent, have proved distinetly valuable in correlating methods of
handling water, exchange of views between superintendent and ditch
men, and generally in troning out difficulties. On small projects it
is often feasible for all operation employees to meet in the morning
hefore the riders start out on their work, or for the superintendent to
ving all ditch tenders simultaneously on a party telephone line, for
the purpose of holding a general discnssion of work done and to be
done. On projects so large that these plans are not practicable, and
where the territories and interests of ditch tenders are not sufficiently
similar in character to justify daily meetings, gatherings at less
frequent intervals are helpful.

CONVEYANCES

Where the roads are good more ground obviously can be covered
by saddle horse or horse and cart than by walking, and still more
by automobile. In certain situstions, such as in canyons and some
foothill or mountainous areas, wallring is the only feasible way of
getting around. Where the rouds permit the use of either autos or
horses, such factors as cost of conveyance, necessity of patrolling
canals thoroughly, and ultimate distances to be covered will usually
cdetermine the most snitable means of conveyance. Where patrolling
is especially important and where speed in covering the ground is
consequently a minor consideration, horses and carts are preferable
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te untos, and saddle horses are even more desirable, in requiring less
of the driver’s or rider’s attention to the road and giving greater op-
portunity for examination of canal banks. Bicycles—which are
seldom used—may be profitably employed in 2 level country where
the distances traveled are not great. Motor cycles afford great speed
in getting over the ground and may be used advantageously in rare
cases, but are less adapted to general water-delivery work than are
the more usual modes of conveyance and are not adapted to patrolling
canal banks.

Table 1 shows the extent of use of various means of conveyance 2
88 projects in 1922. The third column, giving the number of projects
represented by cach type, contains duplications, in that many projects
use more than one type of conveyance. The fourth column shows a
total less than 88, becanse on eight projects no single type predomi-
nated. This table does not include patrolmen not engaged in deliver-
ing water.

TannLg 1.—Extent of nsc of rarious typces of conveyance by difch lenders, 1922
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Automobiles predominate in California, some other sections of the
Pacific coast, and on the larger projects of the Southwest, while
saddle horses are very generally used throughout the Rocky Mountain
States and elsewhere in the Northwest.

QUARTERS

Ditch tenders gain by living close to their worle. Often it is nec-
essary that they live away from home or in some out-of-the-way
place during the irrigation season, in which event the organization
employing them is forced to provide guarters or to reimburse them
for their outlay for rent. Quarters are necessarily provided for head
gate and dam tenders.

EMPTOVYMENT AND COMPENBATION

Term of employment—On most irrigation projects the ditch
tenders are employed only during the irrigation season and for 1
to 3 months additional on maintenance and canai cleaning. In other
cases they are carrted on the rolls through the winter, if they desire
to remain, being used on maintenance, canal lining, and other repair
and construction work. Of the projects included in this study, 80
per cent employed all ditch riders through the year, and an addi-
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tional 8 per cent retained part of the force. The netual water-
delivery season covers u wide range, being 3 months or less in some
pottions of the Rocky Mountain States and often 12 months in the
cxtreme Southwest. Continuous employment is necessary in case of
reservoir tenders and the more responsible diversion and pump
attendants.

The desirable policy is to kecp the water-delivery force intact
ihronghout the year.  All-yenr men are likely to be more satisfactory
than those who must depend upon summer work only. It is often
clifficult to get back a man after he has been dropped, particularly if
other opportunities avise; and the time required to break in new men
and the loss of the older men’s experience and intimate knowledge of
their territories are distinct handicaps. On the other hand, the sav-
ing in salaries, where the irrigation season is short and where winter
work is not suflicient to justify employment of ditch riders, is a vital
matter that often requires frst consideration, particularly where
efforts are being made to lower the overhead costs.

In some eases ditch tenders are cismissed as the delivery work
lessiens lute in the season, and the * beats ” of the others are lengthened
correspondingly. This policy, however, 1s not to be recommended.
The addition of unfamiliar territory lessens the ditch rider’s effi-
ciency, and in any event there is usually ample late-season work on
maintenance, crop reports, and other miscellancouts matters to occupy
his spare time. .

Compensation.—The compensation paid to ditch riders almost
always includes a fixed allowsnce designed to cover the cost of con-
veynnce furnished by themselves. In fact, of ull projects inciuded
in"this study, only four provided conveyance for all ditch tenders
and three more for part of the force. The value of living quarters
where furnished by the management is sometimes considered a part
of compensation,

In 1922 the salaries paid ditch tenders on 33 projects, where auto-
mobiles were provided by the diteh tenders and where the value ot
living quarters was not included in their salaries, ranged from %80
to $225 per month and averaged $132 per month, most of the salaries
being from $100 to $150 per month.

On 40 projects, where saddle horses or horses and carts were pro-
vided by ditch fenders, the salaries (not including value of living
quarters) ranged from $50 to $160 per month, with an average of
$110, most salaries running from $90 to $135 per month.

FACTORS TXFLUENCING SIZE OF FORCE

The area which one ditch tender can serve efficiently depends di-
rectly upon the distance he must travel, number of stops, and length
of time required at each stop. These three clements in turn are gov-
erned by many conditions, important among which are the following:

Unit to which water 1s delivered.—The unit to which water is
delivered is probably the most decisive clement in determining the
number of ditch tenders required, for it directly involves the number
of deliveries to be made by the organization and mileage of canals
to be operated. The average irrigated area covered per ditch tender
in 19922, on 41 projects delivering to individuals or to velatively small
units, was 3,041 acres, aithough elimination of three exceptional cases
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reduced the average to 2,702 acres. The figures were rather variable.
Results from projects delivering to larger units were even more
variable and offered no sutisfactory basis for making averages.

Nize of project.—The size of the project is a factor of some impor-
tinee on projects delivering only into the heads of laterais, in that
tho multiplication and greater lengths of farmers' laterals on the
larger projects provide o larger irrigated urea for cach main-ditch
tender,

Number, size, and grouping of Ferms—The irrigated area served
per ditch tender tends to increase with the increase in the AVernge
number of farms served, average size of farms, and percentage of the
whole project under irrigation. Trrigated aress that are well
grouped usually require less time and travel per irrigated acre on the
purt of the diteh tender than is requived by those widely scatteved.

Method of waler delivery~The principal effect of method of de-
livery is in connection with deliveries that are really continuous,
where fluctuations in ffow of water ure reduced to a minimum and
ditch tenders are not required to visit each delivery gate daily.

Character of country—Rough topography is apt to result in an
inereased number of delivery gates where delivery is made to a pre-
seribed unit of fand, to that extent adding to the ditch tender’s work
and entting down the area he eun serve.

Character of conveyance—In general, as shown gbove, the use of
an automobile increases the scope of o diteh tender’s work,

Maintenance work required.—If diteh riders are required to spend
much timo on canal cleaning while delivering water the distance
they travel will be proportionately reduced.

Frequency of drrigation and length of season.—TFrequent irriga-
tions necessurily increase the work of water delivery. ((I)n the otlier
hund, a long irrigation season tends fo lighten it, in that the use
of water iy spread over a longer time and demands for water are less
concentrated.

Financid condition of project—Whaether the enterprise is hard
pressed for finances and requires an unusualiy high degree of cfficiency
from the ditch riders has a practical bearing upon the amount of
work done by them and upon the number of men required to cover
the ground.

CONCLUSIONS

That no one condition of itself can be depended upon to determine
the number of ditch tenders required to deliver water on a given
project is apparent from a stidy of conditions on some 97 projects
of ail sizes, types, and degrees of efliciency scattered threughout 13
States.  Certain general tendencies are apparent, as listed above,
but are offset in specific cases by local conditions of greater influence.
For exumple, other matters being equal, a system delivering water
only into the heads of laterals requires fewer operators than one
delivering to every farm, vet several systems which do not reach the
individual user show small avernge areas covered by ditch tenders,
because of the necessity of diteh tenders walking their beats, or the
seattered location of irrigated areas, or the necessity for close patrol-
ling. On the other hand, certain systems delivering to the individual
show larger acreages per diteh tender because of infrequent changes
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of water, or relatively large farms in compact groups, or in at least
one instance because the sole ditch rider had more work to do than
he could properly handle. About the only reasonubly safe conclusion
to draw from these studies is that where deliveries are made to the
individual farm, the ditch tender can not be expected, except under
ihe most favorable circumstances, to cover more than 3,000 acres.

RULES AND REGULATIONS

Rules and regulations have s distinct value in clarifying the
policy of the management in conducting the internal affairs of
an irrigation enterprise, but lose much of it if not consistently
onforced. It is better to change a rule than to allow it to become
w dead letter. Subjects which may be advantageously included
in the rules and regulations follow. :

CONTROL OF SYSTEM

It is advisable to state at the outset that the management will
exercise exclusive control over all canals ewned by the enterprise,
and to state definitely the degree of control to be exercised by the
management over private ditches and the extent, if any, to which
the water users shall be permitted to regulate delivery gates. A
statement should also he made reserving access to all irrigated
lands for the purpose of controlling the flow of water.

LIARILITY OF MANAGEMENT AND WATER USERS

The management is responsible only for damage arising from
its own acts: thercfore, it is wise to call attention to the fact that
its responsibility ceases at the point of delivery, and that each
water user is linble for damage resulting from his own negligence
or unauthorized acts.

METHOD OF WATER DELIVERY

The method and the circumstances survounding water delivery
should be described fully. If the method is rotation, state the basis
of the schedule; for instance, the usual length of time allotted for
the irrigation of an acre on each soil type or for cach crop, and
the frequency of delivery. It demand, state the number o days’
notice required before delivery may be made. Available sizes of
delivery hends may be stated. State the point at which delivery
is to be made, point of measurcment of water, and method of
measurement. Measurement tables printed for distribution to users
will go far toward cstablishing their confidence in the measuring
device.

Conditions under which transfers of water from one user to
another and exchanges on the rotation schedule may be permitted
should be specified.

CONDITION OF PRIVATE LATERALS

A private lateral not cleaned or in proper condition to receive
water, resuits in unsatisfactory delivery to the usec and waste of
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water, and may cause the water to back up dangerously in the
canal from which it is delivered. The management should re-
serve the right to refuse delivery under such circumstances.

WASTE OF WATER

Waste of water, even where the user pays for it, is uneconomic,
and where it results in flooding roads it becomes a public nuisunce,
Waste is often difficult to detect and to provent. The rules and
regulations of most enterprises contain an injunction against waste
and a provision that where water is being wasted it will be cut off.
A remedy that has proved effective is to reduce the delivery to an
individual by the amount which the ditch tender estimates he is
wasting.

INTERFFRENCE WITH FLOW OF WATER

Interfering with the fiow of water in o canal is & sertous matter,
The regulation of n large canal system is a delicate operation, easily
threwn cut of adjustment. und tampering with structures may pos-
sibly injure the system and adjoining lands. Stealing water and
taking water out of turn are phases of ithe same problem. These
matters should be emphasized in the rules and appropriate penalties
provided.

In some cases of stenling water or breaking locks on canal strue-
tures o criminal prosecution has been found to be a deterrent for
o while at least, though it is diffieult to securc a conviction unless
the defendant is seen in the act of taking the water.

RIGHT QF WAYS AND BRIDGES

Provisions should be inserted apainst placing any obstruction on
the eanal right of ways or fouling the canals and structures. The
bridge policy shonld wlso be stated; that is, the conditions under
which Dridges may be constructed across canals, payment of the
cost, and maintenance.

CROP PREFERENCES DURING WATER SHORTAGE

Taking water from certain crops in times of shortage for the
purpese of assisting other crops less able to withstand drought i1s a
problem that sometimes arises.  Such procedure may often be illegal,
and in any case is an extreme measure to be taken only in case of real
necessity. Where it is practiced, the rules should give the order
of prievity: for example: First, garden crops; second, young trees.
vines, and cuttings; and so on through the list.

WATER CHARGES

All information regarding water rates, including time and con-
ditions of payment, should he stated.

COMPLAINTS

It has proved wise to require that all complaints be made in writ-
ing. Some persens, especitlly if quick-tempered, are ready to malke
oral complaints on little or no provocation, but are more restrained
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when required to reduce their grievances to writing. Written
complaints are more likely to be really justified.”

PENALTIES

A pood rule is to consider violation of any rule sufficient cause for
shutting off water until, in the opinion of the manager, the condition
has been remedied. Tn actual practice this penalty is applied in
ense of flagrant violations. It is well also to call attention to State
laws under which action may be taken against waste of water, tam-
pering with structures, and other penal offenges.

INSTRUCTIONS TO EMPLOYEES

Brief general instructions to employces engaged in delivering
water, particularly instructions in which the uscrs ave directly
interested, may be included with the rules and regulations.

LOCAL INFORMATION

Ttems of information for local water users may often be profitably
included with the rules, but should not be made too lengthy or they
will ot be read.?

IMPORTANT FEATURES OF WATER DISTRIBRUTION

APPLICATIONS FOR WATER

Rotation deliveries under fixed schedules seldom require formal
demands for water, for it is ordinarily presumed that the user will
tuke his turn when it comes around. Continuous deliveries in practice
are not strictly continuous, and therefore call for applications from
the vser when he wants the wate: turned on or oft. Deliveries on
demand recuire npplications from the user prior to each irrigation.

Wlhere the request for the delivery of water involves any possibility
of uncertainty or error, it should be made in writing, preferably on a
form provided for that purpese. Under the continuous-delivery
method, where the user’s irrigation stream is definite and its use inde-
pendent of the use of any othier person’s stream, a simple verbal order
to turn the water on or off is sufficient. However, if water is being
.puid for on a quantity basis, the safer rule is to require written orders
even where delivery 1s continuous,

Sensonal applications for water service are required at the begin-
ning of cach year on a number of projects from those users entitled to
seevice. (Kig. 1, p. 40.) 'The value of such application lies in the

5o method of handling complainis adepted by Lhe Splt River Valley Water yeryg’
Assovintlon is warthy of note, A water twser dissntistied with o zanjero’s work 1s advised
to lny the ease direetly Dofore the penern! superintendent, who orders an Investlgution,
two mien with motoreyeles being detaited to such work. I the complaint provey to e
Isthiipble (€ goes apninst the zanjero's record otherwlse the water user s wdvised pg to
the eirenmstances, some delion belng tnken nn every complaint The numlier of com-
plulnlr that have proved to be Just haa decrepsed markedly since the {naungurntion of this

o,
ey I this connection n section of valuanhle adviee In neluded with the rutes and regnin-
tiong of Lethbiidge Novthern Treigation District, of Alberta, Canade, entltied ' Bterillzlog
wWnicr” ‘fhly section emphasizes the danger of using untrented diteh water for drinking,
innnidering, nnd other such dmmestle pur{msus. and plven tie detalls of two methods of
trentlng diteh souter, one melthold using ehloride of linte and the other iodloe. In o new
comtlry, whers diteh waler i% likely to be weed for Louschold purposes, infurmigtlon of (hia
chiracter Y of grent fmportavee,
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information it gives to the management concerning the probable
water requivements of the project for the forthcoming season. In-
formation of this character is especially valuable in framing rotation
schedules.

WATER TRANSFERS

Whater that is appurtenant to a deflinite tract of land can be
delivered only to such tract, irrespective of its ownership. Where
not appurtenant, however, as in many mutual companies, the water
follows the stock ownership and may be transferred freely from
one tract to another, either by sale or by rental.

Water transfers from one lateral to ancther during the irrigation
season may cause serious trouble in delivering water and for that
reason on many systems are cither prohibited during the season
or restricted in seme way. Unlimited transfers, where the canal
capucities are sufficient to take eare of them, are much more resdily
handled under the demand system than under either continuous or
rotation deliveries, and are most disturbing under striet rotation
schedules where the heads of water and bours of use are bloecked
out in advance. A possible danger in permitting too much water
to be transferred from a Interal would lie in leaving an insuflicient
head in the lateral for practical use. On the other hand, a practical
hmitation is always to be found in the capacity of the lateral to
which 2 user wishes water changed. In old established communities,
lands served by o particntar lateral are usually well defined, and in-
frequent transfers may be permitted without greatly upsetting the
delivery routine. '

WATER DISPATCHING

Distribution of water, which forms & continuous stream from the
point of diversion to the place of ultimate use, is in some respects
comparable to the distribution of gas and electricity in that it
requires close control all along the line, and presents entirely different
problems from the distribution of most commodities. Regulating
reservoirs are most useful, but do not eliminate the necessity for
control of all ditches earrying water. Water dispatching, thercfore,
is a very essential function of the operation of all systems, particu-
Iarly Iarge ones. and is usually a one-man task because of the danger
of divided respoensibility. 8)11 the other hand, where water is
secured from different reservoirs or other sources for different por-
tions of a system, ar where the systems are small and only one or
two ditch tenders are involved, dispatching may be more readily
decentralized, each ditch tender being allowed to order what water
he needs daily from the head gate or reservoir tender and being
held solely responsible for its proper distribution.

Two examples of centralized dispatching may be cited. The irri-
gation manager of the interstate unit of the North Platte project,
Nebr., calls the water master of ench division by telephone each even-
ing—Dbeginning with the lowest division so that each water master
in turn may be instructed as to the amount of water to pass to the
next lower division—secures from each a report of deliveries and
gago readings, and gives instructions for the next day’s diversion and
distribution of water. The pian used by Strawberry High Line
Canal Co,, Utah, is to prepare a hydrograph, which is developed
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continuously throughout the season. As demands for water come
into the oftice the dispatcher plots upon the hydrograph all deliverics
to be made into each sublateral, muking the necessary adjustments
according to lateral capacities, and in this way is abfe to keep the
laternls running as nearly as possible to capacity, thus avoiding
much canal fluctuation.

The Farmers Reservoir und Irrigation Co., Colorado, affords an
excellent exumple of decentralized water dispatching with its inde-
pendent reservoirs, to which the rights of users in the several dis-
tricts are sepurately atlocated.

REGULATING RESERVOIRS

Reservoirs in which water may be held temporarily near the place
of use arve of great value in canal operations, not only because of
the stornge facilities provided but beeause of the aid they give in
regulating the distribution of water and thus in getting the water
where it is wanted when it is wanted. Small reservoirs along the
canal lines are most vafuable in making the lower divisions practically
independent of the rest of these systems so far as canal regulation is
concerned. for they become sources of supply for the lower areas and
also provide places to turn water not needed above. Strawberry High
Lince Canal Co. has two very small reservoirs, with combined capacity
of ubout 50 acre-feet, for the purpose of taking up a large part of the
inevitable fluctustions in canal flow that result even with the use of
the hydrograph mentioned above.

The use of the reservoirs in canal regulution is necessarily subject
to any restrictions that may result from the need for satisfying river
prioritics. This matier is of particulav importance in northeastern
Colorndo, where reservoirs are used extensively under strict State
supervision.

STORAGE RESERVOIRS

A storage veservoir is in the nature of things an equalizing reser-
voir, nil is o potent factor in muking water available for the user
when he needs it most. The water-supply curve coinciding with the
demand curve makes for the most efficient irrigation.

SPILLWAY FACILITIES

Canal operation is greatly simplified if the system is well pro-
vided with spillways.” The geography and topography of some
projects are snch that spillways are not practicable within the irri-
gated are, and under such circumstances close regulation is neces-
sary to prevent disastrous breaks. In a large California district,
which is insufficiently provided with spillways and in which the
users are permitted to change their own head gates, an unusually
large number fook occasion to shut down one Saturday night, with
the result that the water dispatcher was kept at his telephone prac-
tienlly all night switching the water around from place o place to
prevent its breaking away.

CONTROL OF DELIVERY GATES

The management of an irrigation enterprise is the judze of the
desirability of allowing water users to adjust the delivery gates,
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Under some circumstances the water users can be of material assist-
ance in changing the gates; for example, under rotation systems
where only a single head of water is involved and where the hours
of change are irregular, the ditch tender notifying each user as to
the time he can have the water and allowing him to open his gate
at that hour. 1t is seldom practicabie for the ditch tender to change
a gate oftener than once a day, so that it is practically impossible
for him to handle personally all changes on a system delivering large
heads of water for short periods of time. Fe must keep in close
touch with the situation at all times, and so arrange matters that
when one nser is through with the water another will be on hand to
receive it.

On the other hand, the management can not afford to allow water
users to turn back their streams of water unless there is ample canal
capacity to provide for any emergency, for on closely controlled
systems, cspecially those delivering a multitude of small heads, and
where the discharges through many gates arc closely interrelated,
ithe balance can be easily upset, with resulting inconvenience to
irrigators and possible damage dve to overloading the canals.
Under such circumstances the irrigators must be required to figure
their needs accurately enough to conform to a single daily gate
adjustment by the ditch tender. Shutting down over Sundays and
holidays, where the water supply holds up well during the season,
is a practice sufliciently general in some communities to require
careful watching.

Complete contrel of the flow of water is impossible without the
use of locks on all delivery gates. If proper apportionment of water,
rather than safety of the system, is the objective, gates may be
locked in such a way that they may be shut down by the irrigator
at any time and raised again to that point, but no higher. An ad-
vantage of using locks lies in the confidence of the farmers that de-
liveries are ma]ﬁf supervised.,

MEASURING DEVICES

On many systems water is not measured to the irrigators at all,
inasmuch ns the comparatively undeveloped state of the community
has not demanded mensurement, or the supply of water is consider-
ably in excess of its need. Apportionment of water in such cases
is necessarily made by rule-of-thumb. It is sometimes felt that the
experienced ditch-tender’s judgment is as dependable as a meuasure-
ment ade under improper conditions, prevalent, unfortunately, in
so many places. Generally speaking, howevsr, in the interest of
cconomical use of water and in justice to those who pay for it, the
adoption of a measuring device that will provide at least reasonable
accuracy is strongly recommended.

Water sold on a %uantity basis shonld always be measured with
as close an approach to aceuracy as practicable. Whether the in-
stallation of new measuring devices on old systems is justified de-
pends largely upon the value of the water. Theoretically the in-
creasing value of water ealls for greater and greater aceuracy in its
measurement. In actual practice it is often found difficult to install
a new method of measurement owing to its cost and to the unfamili-
arity of the farmers with the new device. Where conditions are
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favorable for the use of an inexpensive measuring deviee, its adop-
tion in the early stages of a project’s existence may save considerable
trouble Inter.

Weirs and submerged orifices are the devices most commonty used
to measure water to irvigators on the projects included in this study.
Cipolletti weirs are extensively used in the Northwest,

TRANSMISSION LOSSES

Transmission losses, as indicated above in the discussion of meth-
ods of delivering water, have an important bearing upon canal op-
eration, and must be taken into account in figuring the quantity of
water to deliver from most canal systems as at present constructed.
The individual’s water right determines the point at which the or-
ganization delivering the water ceases to bear such losses. That is,
it the individual right calls for u stated amount of water delivered
at the highest point of each quarter section, the irrigation enterprise
must bear the conveyance losses in getting the water to that point.
Aguin, if the right is for a certain quantity or proportionate quantity
of water carried in the main canal of an enterprise, the individual
must stundd the losses from thie main canal to his land. Any am-
biguity as to this point will cause trouble sooner or later,

TELEPHONES

Telephones are indispensable to the safe and successful operation
of an irrigation system. Private lines reaching every importunt
point of operation are of great advantage in the direct and inde-
pendent scrvice made possible. Private lines connecting with the
ditch-tenders’ homes are undoubtedly desirable, but their extra cost
may not be justified in those cases in which commercial lines are
available, purticularly in view of the annual changes in personnel of
diteh tenders that may always be looked for. It goes without saying
that seme form of reliable telephone service should connect the office
and the ditch-tenders’ and reservoir-tenders’ quarters at all times.

RIGHT OF WAYS

FENCES

Trouble has frequently been experienced because right of ways
along canals were not made wide enough or kept free from obstruc-
tions. It is very important that the road be free and clear and that
the ditch rider in patrolling the canal should not be compelled to

L

open and close gates constantly. The use of & limifed number of
sheep and gouts in pasturing a right of way has proved advantageous
in some sections in keeping down vegetation and in consolidating the
embankment, but uncontrolled access of stock will often result in
damage. The cost of fencing the right of way, while a large item,
may be fully justified in saving the ditch-tenders’ time and in pro-
tecting the canal banks.
BRIDGEA

Agreements on the part of irrigation enterprises to maintain farm-
ers’ bridges on right of ways have led to so much trouble and expense

+
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that the wiser policy has been to pay more for the right of ways in
the first place and then require the farmers to maintein their own
bridzges. The management should reserve the right to approve con-
struction of all farmers’ bridges, to limit their number where neces-
sary or advisable, and to regnire the removal of any bridge found
to be interfering with the operation and maintenance of the canal.

FORMS AND RECORDS

Operation of an irrigation system is facilitated by the use of stand-
ard forms for reporting activities and keeping permanent records,
The most vitluable forms contain space for all essential information,
simplified as much as possible. The record should be complete in

South Sam Joaquin Irrigntion District Swuth San Joaquin Irrigation District
APPFLICATION For WatER Warten RecEirt For Season or 192
Stason 192 Retfotion Hu, Divtalen Ve, Frrigatian fia
Metatien Na, ] belalan Xr
L
LT Fanaek...... -
T Lateral and Sl -coeeamame e n e mraenes
Tomem . L il i e crmemre e e oprr—rp——— ATl TiARED rF
Laieralond Sta 0 oo . i, Tiew — e o
CROPS TG BE {RRGATED PR
RRARNRIINNE
o R B — CRORE IARIGATED
bl
frm . . P (PSP PO IR -
CAOFY MDY (RRIGAT LD 1 ! s a .I g ] ! ! ! j
NEEEERREENN R
Tuiad . ALCOMD CMOP IRKIGATED
wad wrreage sned Lo el cii s e e
- SR EEENEEEREREEN

Mg, 1—Seasoml upgli-:utlon for water amd water recelpt, encl 4% by 7 inches, used
by South San Jowgnin Irelpotlon District, Califernia

order that management and water users may be informed of what is
groing on, that unnecessary trouble over quantities of water delivered
may be averted, and that data be provided on which to base desirable
changes and economies. Typical forms used in connection with the
several funetions of water delivery ave shown below,

APPLICATIONS FOR WATER

BEASONAL APPLICATIONS

Figure 1 shows the form of application used by a district to estab-
lish rotation turns on iaterals and to provide a crop forecast. In the
same figure is shown the water veceipt signed by both irrigator and
ditch tender after every turn, on which are also entered the acrenges

-

LY
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of various crops watered at that irrigation. Space for “2d crop”
is for & second planting on the same land, as corn following barley.

EACIT IRRIGATION

The water request shown in Figure 2 is a concise yet comprehensive
form that may be used for ordering water for a stated length of time
or without stating it; or for ordering a change from one head gate to
another, either stating or not stating the length of time water is
wanted at the new head gate; or for turning the water off altogether.
Tt is a standardized form for use on Federal projects of differing re-
quitements and is well adapted to continuous deliveries or to deliv-
ceries on demand where the periods of use are proteacted. For de-
mand deliveries covering only short periods of time, the orders begin-
n]ing_';{“ Change. ... sec-ft.” and * Close turnout ” may be omitted from
the form.

DEPARTMENT OF THE INTERIOR 7307
UNITED STATES RECLAMATION SERVICE Tasury. 1914

WATER REQUEST
19,

U. 8. Reclamation Service:
Plersc maks the Tollowing chenges in the water for my land:

Deliver sec.-It. to turnout on
leteral beginning until
gee.-ft. from turnout on J—

lateral to turnout on Jateral beginming ... ...
until :
Closs turnout lateret on

Received:

Cunal Rider,

o L Wioter User; Ln roquosting woter servico give ot lesst bwo daye adwanes notios of your noeds, using coe of
Lleme cxrds for ewch run of webor [fom eaeh turmout. o—tisp

Fre, 2—Water-request enrd, 3% by 5 inches, used on Federal projects

Figure 8 shows another water-request form used on Federal
projects for demand deliverics, containing information on crop
acreages.

DITCH-TENGER'S REFORTS
WATER DELIVERIES

A record of the time and quantity of water delivered to each irri-
gator is of prime importance to an irrigation manager, particularly
where deliveries are charged for on a quantity basis. Kvery delivery
report should be signed and dated by the ditch tender before being
turned in fo the office, in cnse the matter should be brought into
court. Cases are on record in which users have disclaimed their sig-
natures to applications for water, but are extremely rare, for a water
user confronted with his own signature or with the ditch-tender’s
record of delivery to him seldom makes further protest.
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A simple form of individusl report, on the reverse side of an
application card, is shown in Tigure 4. This provides the manage-
ment with the hecessary information regarding each delivery, upon
which to base charges for water, but does not provide details of the
ditch-tender’s measurement, which shonld be recorded in order to be

DEPARTMENT OF THE IMTERIOR mg% I
UNITED S5TATEY RECLAMATION SERVICE

WATER REQUEST
M 152

TU. B. Rzcrauation SERVICE: . &

1 horaly m?;z:et dolivery of watar at the rato of : ﬁﬁ?yi ;::.hm .

for. llmﬂa}L inning. s 102 | at turnout

No.. ol Jateral or canal fo irrigate

tho lellowi: g cropa: acres of, neres of. 3
neroa of.

Water User's Farm Unit er Holding
Ao, T R.
Sec. T

“ -
Sa T )3 ' Waler Uger,
it}

Hec, ‘P,
{To be Miled out by Water User.)

To Tor Wazen TaEA—Tn requeating wator servier, Ehl at least two doys’ ndvanco ootlos of your needs, uslog
* one.of s carda {or each run of witer fram eeh turnaut,
*Crocs vl waed that does Lot apply. orrv— et ok, —ises

Fi1g. 3. —Water-veqnest card, 334 Wy 5% juches, nsed on Federal projects

available in case of dispute and is valuable principally as a ready
checle upon the filling of each order. i )
A typical daily report of all deliveries made by a canal rider, which
may also be used for reporting total deliveries to laterals, is shown in
Fignve 5. Where fluctuations are common it will be advisable to
have an additional
column so that the
Date gauge height may be
Turont o et at reco r'ded, on the
Turut ot e Pt ot _ canal rider’s arrival
and again on his
REMARKS departure after he
has made the neces-
sary adjustinent. If
measuring devices
are all of one kind,
this form may be
simplified.
A form of report
Fig. 4.—Dltch-tendgr‘s _regm:t of delivery, on reverse slde covel‘ing a week’s
eservals wnt Trrigntion Cor Colorume ¢ FAMDES  onovations is shown
in Figure 6. The
enterprise using this particular form delivers water mostly to rice
lands, in streams which are continuous during long periods of time.
Under such circumstances o weckly report is convenient.
The monthly report wsed on many Federal reclamation projects is
reproduced in Figure 7. The pages for each account tace each other
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and are bound in books 4 by 714 inches in size. This form, and that
shown in Figure 6, contain space for more information than Is neces-

CATL

DAILY WATER REPORT

AL WOLE QN LATE IEMDER

[l LTLTLY
WATER UITR Of AL OF LATENAL . comes on T i |t tuawe
o

urawn reod [T TH L u wim | oo arr

"o o
ey

Fro. b.—Daily water roport, 434 by 8§34 luches, used by Medford Ivrigation Disirief, Oreg.

sary to apprise the management of the ditch rider’s operations, but,
on the other hand, the columns into which the results of measure-
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TG, B—Dttch rider’s weekly Teport, 7 by 8% inches, used by Western Canpal Co.,
Calilornin

ments may be extended malke it possible to use these forms as perma-
nent office records of deliveries, or original books of entry, from
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w]lﬁti‘h the nere-feet to be charged to a user may be posted directly to
a ledger.

The daily report furnishes the office with up-to-date information on
water deliveries. The advantage of a monthly report, and in less
mensure of a weekly veport, is that the ditch tender has on hand in-
formation concerning all recent operations. The loss by a ditch
tender of his monthly book is very disturbing; hence the safer plan
is to require daily reports, which are entered by the diteh tender in a
weekly or monthly ook betore being submitted to headquarters.
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Fie. 7.—Cpposite pages from monthly N[_)iort book used by canal riders on Fadernl
nrojects

STREAM MEASUREMENTS

Observations of gauge heights on rivers, main egnals, and laterals
are necded by the water dispatcher daily and are usnally secured by
telephone.  For permanent record, however, it is important that the
original notes ot the observer, signed by himself, be submitted to
the oftice periodieally. A suggested weekly gauge vecord appears in
Figure 8. If the exact time of observation is essential, a sepurate
sheet for each day wiil be preferable. The “Time ” column allows
the schedule time to be shown, which is generally sufficiently close
for computations of discharge made in actual practice, and the
“ Remarks ” coluinn can take care of material irregularities.
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BREAK REPOETS

A written report of each break or flood is valuable. Such report
should give the location, description, and cause of the break, with
full information as to damage done to land, crops, or roads, and
{ime the water was turned out of the canal and estimated time 1t
may be turned back again. Ample space should be provided for all
deseriptive matter and notes.

OFFICE FORMS

Forms on which office records of delivery are kept will necessarily
depend largely upon water credits and charges. A system selling
witter on a quantity basis will require records and financial accounts
different from the records of one delivering on an acreage basis, and
a system apportioning its water and crediting each user with o
water dividend will nced even difterent forms. Hence the water-
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Fte. 8.—Sugg sted form of ditch-fender's guuge reeord, O by 9% lnches

ledger and financinl-ledger accounts with users may be one and the
same thing, or may have no connection whatever. *

Oftice records of water delivery often duplicate more of the infor-
metion called for on diteh tenders’ reports than is necessary. That
ie. where details of water measurements are reported by the ditch
tender it is seldom really necessary to transfer such details to another
record, for only on rare occasions would these figures be referred to.
But it is helpful to keep a filing card for each user on which may be
cummarized dates of irrigation and acre-feet delivered, together with
other necessary information. after having made all computations of
quantities detivered on the ditch tenders’ reports in columns provided
for that purpose. Such eards are a convenient medium through
which total monthly deliveries may be ascertained.

A typical system of accounts with users who are charged for water
on an acre-foot basis is that of the Imperial Irrigation District, Calif.
The monthly water bills. made up from the zanjeros’ records of deliv-
ery, are enfered in numerical order in a * Water Rentals Accounts
Receivabie Register,” from which bills and payments are posted to a
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*“ Water Rentals Accounts Receivable Ledger,” in which each aceount
is debited for amounts of money due and credited with amounts paid,

Where reservoir water is allotted to users, a simple ledger account
with each is sufficient, the dividend of water being credited and all
deliveries debited agninst this dividend. In such ecase the unused
balance may be ascertained at any time.

OTHER FORMS

HEAD-GATE NOTICES

Figure 9 shows n typical card left by the ditch tender at the
delivery gate on a system delivering only into the heads of laterals,
informing the users on the lateral how the total flow is to be divided
among them. Each day the ditch
tender cnters on the card the deliv-
eries for the day.

Gate Mo Biviviun Mo
Record of Weler Linwed by

THE WATERSUPPLY & STORAGE €0, PR——

For wezk ending, 192 A form notifying the user of his
Wit o Wer place on the rotation schedule for
Degeh o2 Wrl the season is shown in Figure 10.

Laqia Par Saury

HAME 1H ” ] < |3 STATEMENTS OF DELIVERIES

Figure 11 shows a periodical
statement sent to each user to in-
form him of the amount of water
he has used to date during the
season in order to save him from
inadvertently running up his bill,

DISCIIARGE TABLES

Ditch tenders who are required to
read gauges on meusuring devices
should be provided with discharge
Fig, 0—aflendgate potice, #% by 53% tubles for the particular device

Storoge Loo Coloruda® "7 SRS & nend, for their own information

and for the information of water
users, even though fleld computations way not be required of them.
The water user is entitled to know the reading of the mesnsuring
device at any time his delivery heuad is going through it.

COST OF DELIVERING WATER

The cost of delivering water during the season of 1992 was ob-
tained from 61 of the enterprises which were visited in studying the
subject of water delivery., In order to standardize these costs it
was necessary to deal with certain items only, which in some cases
meant a wide departure from the bookkeeping systems of the larger
projects, for each project has its own method of cost accounting.
That is, inasmuch as this study deals with water delivery only, the
endeavor was made to secure only those operating costs which are
strictly chargeable to water delivery, and to eliminate such costs as
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those of drainage, canal cleaning, repairs, replacements, depreciation
of structures and machinery, and other cemmonly recurring items,
which are all factors in determining the cost of water for irrigation,
but are not strictly a part of the cost of distributing water. 1t was
not practicable, however, to segregate the time spent by ditch tenders

Sebirdote No.. .. UTAHIDAHO SUGAR CO.
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Tpmmre cmomee M B m _ %, dusing the irrigailng swnon 1. . witlbe from

SV | PR . || DU |

Tox Moo - mnvimmer

Contract Ne..

i e e ——— Flow. . . =.—..Second Fect

Cami
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P, 10.—Rotation notlee, 3% by 8% Inches, nsed by Uteh-Idako Sugur Co. on Bear
River vnual system, Utal

in taking care of eanals while making their daily rounds. Turther-
more, as both pumping and gravity systems are involved, the salaries
of pump operators are included, inasmuch as these men oceupy posi-
tions equivalent to those of dam tenders on gravity projects; but the
cost of power for pumping is not included, depending as 1t does upon

Form 7—31# DEPARTMENT OF THE INTERIOR
thuly, lyay UNITED STATES AECLAMATION SEAVICE
MONTHLY WATER STATEMENT
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P, 11.—Monthly water-statement card, 315 by B4 inches, uwed ot Federal projocts

factors which are highly important in determining the cost of water,
but which have no bearing upon a comparison of distribution costs.
In other words, the purpose of presenting these data is to male
known to irrigation managers and others the average cost of dis-
tributing water to various delivery units in 1922 on a number of
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representative projects. For the purpose of uscertaining the cost of
water delivery the following items were arbitrarily selected :

Salaries of water-delivery employees, such as ditch tenders, dam
tenders, pump operators, patroimen, during the irrigation season
only, with value of conveyance and living quarters if furnished by
the enterprise in addition to salaries. Costs in this group were found
to average 69 per cent of the total costs for all enterprises.

Portions of salaries of manuger, secretary, and other field and
oftice employces chargeable to water delivery averaged 19 per cent
of the total,

Other operation costs properly chargeable to water delivery, such
as office and field expenses, field telephones, and proportion of over-
head, but not including power for pumping water, averaged 12 per
cent of the total costs.

The total costs of the above items on the 61 enterprises are sum-
marized according to unit of water delivery in Tuble 2.

Tanik 2—'oxf of water delivery for the yeer 1922, on G4 projects

Cost of delivery—

Nun’;bm’

" Uuit of delivery Pur mile

of eanal
opwerated

o
projegts Per pere
irrignted

Encdividunis or stnpll units

ncdividunls gn<) internls. ..

O3ve-hatlf tnile fran quarter seetio:
Hends of Internis ondy . oo oo ol L]

Little difference appears in the uverage costs per irrigated acre
of the first fhree groups, but as would be expected the cost of deliv-
cring only into the heads of laterals is much lower. The cost of
delivering to individuals or small anits ranged from $0.31 to $2.89
per acre; to individnals and laterals. $0.17 to $2.09; to a point
within one-half mile from each quarter section, $0.23 to $1.59; and
to laterals only. $0.06 to $0.72 per acre.

The aversge cost of delivery per mile of canal operated on all
projecls was $102.86.
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