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INTRODUCTION 

A complet~d irrigation project, by whatever agency constructec1~ 
has normally encountered three more or less distinct periods of 
activity: (1) Prelimi nary investigations, financing, and organization; 
(Z) construction of works; and (3) l)peration of the system. The 
opemtion period begins either befol'0 or upon completion of the 
irrigation syst~m. 

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 pel'plexincr matter calling for a certain type of 
personality to handle it succe~sfl\lly, 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 
consid'.!ration . 

.A bulletin of this department published in 1910 contained a de­
scdption and review of the water-delivery systems of a number of 
typical enterprises in the VVest.1 Since then numerous enterprises 
have come into operation, and much experience in delivering water 
has been gained that should prove of value both to prospectlve and 

1. AD'\~IS, F. DELI\'Eltr D~' WATEll TO mnlGATORS. U. S. Dept. AS!'., OlIo Expt. Stas. Eul. 
2!!n, nn p .• lIIus. 1!l10. 
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existing organizlltions. Fo/' the pmpose of securing and making 
available information on this subject, a study W:IS made in U)23 of 
the delivery methods and other important phases of the management 
of nearly 100 irrigation enterprises in 13 of the 17 'Vestern States, 
the results of which are published in this bulletin. Projects of four 
principal types were included: Mutual companies, irrigation dIS­
tricts, commelcial companies (public utilities): and Federal projects. 
Districts Ilnd 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 to,va I'd cooperative ownership and oper­
ntion of irrigation works. 

DEFINITION OF TERMS 

Irrigation tel'lllS often have different meanings in different parts 
of,the country. Such terms appenring in this bulletin may be defined 
bl'1('fly as follows: 

Lateral.-A branch of the main canal of an enterprise, A main 
lut(,l'Ill lends from the main canal and serves a, group of sublaterals. 
A farmers' latcl'l\ll is a ditch, controllea by the users of such ditch, 
leading from an ~nterprise canal or lateral to 11 farm or group of 
fHrlllS. A farm lateral is the distributing ditch ·within the bound­
aries of a. farm. 

Head 01' stl'eml1o.-The flow of water delivered to an individual 
irrigator or group of irrigators is culled in some communities It head, 
in ·,{hers a stream. These terms are used interchangeably in this 
bulletin. 

Continu.ou.'3 deliv81'y.-Delivery of watcl' continuously to all users 
lmder a project thl'Oughout the irrigation season. 

Rotation defivei'y.'-:Dc}ivery of water to users in turn, at regular 
or irl'('gular intervals. 

Demand d8livcJ~If.-Deli\'ery of water to users whenever requested 
by th(,ll1. 

.. Ditch tellder.-An il'!'igation employee who patrols canals and 
delivers water. Also called ditc\l rider or ditch walker, ditch agent, 
cllnal rider, wnter tender, patrolman, and zanjcro. The terms" ditch 
tender" and "ditch rider:' are most commonly used, but zanjero is 
general in southern California and some other parts of the South­
west.. Patl'Olmnn sometimes designates one who patrols canuls but 
does not deli vcr water. 

CONTROL AND OPERATION OF LATERALS 

In the c'onstruetio'1 of e\Oel"Y new irrigution enterprise u. decision 
must be made as to whether water shall be delivered by the enter­
prise only out of the main canal, or whether main lateralS and sub­
lateralf: shall be built for delivery to each small subdivision of 
land, or whether some unit of delivery interlli.jdiate between these 
extremes shall be adopted. On many older systems only the main 
canal, or the main canal and main laterals, were constructed by 
the enterprise. the water users being required to build the sub­
laterals to the'it· farms, often miles away, which added materially 
to the c1ifliculties of bringing the land u!ldcr cultin~tion. In later 
years the more geneml and much more liberal practrce has been to 

• 
~ 

' 

• 
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construct c1ish'ibtlting systems to sel've relatively small units of . 
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land, such as every 40 or 80 or 160 acres; or to reach within a definite 
distance, such as one-fourth or one-half mile. from each subdivision. 

CONSTRUCTION 

BY INDIVIDUALS 

'Where the irrigation comp:my or other organization has built 
only the main call111s und main laterals, neighboring settlers have 
dubbed together in building a common lateral to supply their farms. 
In lIlany cases, however, the entire first burden has fallen upon some. 
one man who has had to build a ditch probably several miles long, 
othel' settlers coming in luter and making arrangements with the 
original owner to enlarge the lateral and thus eventually coming 
to own it in common. 

The burden of building long ditches is !l heavy one to place upon 
the individuul settlers. They must, of course, pay for the laterals 
sooner or later, bnt are confronted with sufficiently heavy first costs 
in subduing their land and can get under way milch more readily 
if the canals with which they are to connect are not too far away. 
Furthermore, there is too much opportunity for such ditches to be 
laid 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 
road-built independently of each other, where !l 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 1\[A1N E~TERl'RISE 

• 
Organizations that have built laterals have sometimes gone to the 

extreme of building all snblaterals and structures at" one time . 
This is thought to ha.ve stimulated development in a :l'ew cases, 
owing to the attractiveness of a system completed to every farm 
nnit lind ready for immediate usc. Nevertheless, on certain other 
projects where this was done, development proceeded slowly, with 
the result that structures deteriorated before being used, while main­
tenance costs were running high and interpst was being paid on 
capital invested in works not in usc. 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 community lateral is often a vex­
atious mutter. It is a common saying that 75 per cent of the users 
do all the work; Gertainly 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 troublesome 
proceedinO', and forcin~ them to pay fOt· improvements to which 
they obje~t is usually lmpossible. The ditch must be kept clean~ 
for neglect results in decreased carrying capacity und 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. 

OIlGANIZ8:> LATERALS 

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

DESIltADIUTY OF LOCAL :l.f.\INTENANCE 

1 
... 

The farmers' ideas on proper maintenan('e are often at variance 
with those of the manager, !md too frequen.tly the amount of work 
they do on the ditch 1S no more than j nst enough. Less trouble is 
experienced with early cleaning than with upkeep 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 clone by the project manage­
ment. The most effective plan is to place final responsibility for 
maintenanc:e of all the important snblnterals upon the project man­
ngement, giving the farmers opportunity to do the work if they so 
desire but under the direction of a foreman responsible solely to the 
mnnnger. 

O!<~RATION 

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

Howeyer, there is no objection to outlining a method of dish' ibn­
tion on a lateral and allowing the users to carry it out so long as 
they ('an work toget.her amicably. resel'Ying the right to have the 
ditch rider adjust any unsatisfactory situation. In fact, water users 
who arc disposed to cooperate can be of material assistance in reduc­
ing the cost of operation by making changes of water under rotation 
schedules at hoUl'S when it is not practicable for the ditch tender to 
be on hanel. 

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

LATERAL ORGANIZATIONS 

UNINCOIIPORATED COMPA:\'lES 

The rights and liabilities of owners of an unincorporated lateral 

are determined by the contractual relations of the members, by the 

laws of cotenancy and copartnership, and by any special statutes 
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re1at.ing to ditches of this character. The irrigation laws of many 
States inducle provisions governing the operation and maintenance of 
such laterals. ~Much b'ollble ma'! be avoided if the original members 
prepare and sign specific nrticles of agreement, indicatmg clearly the 
nature of the association and the rights and responsibilities of 
members. 

An unincorporated lateral-ditch company does not possess the 
direct remedies of a. corporation against obstinate members and is 
consequcntly a satisfactory arrangeme~t only so long as a~l mem~ers 
are disposed to cooperate. rrhe a:vllilable. legal remeches agamst 
delinquents are adpquute, but nre often troublesome to follow out. 

L.'COlU'OltATEIJ COlIPANIES 

.A corporation, on the other hand, possesses a quick, simple method 
of enforcing collection or ass('ssmcnts-by sale of delinquent stock­
and is able to effect needed improvements eyen though opposed by an 
obstreperous minority. "\Vater users can not be forced into It 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 ill northeastern Colorado, incorporation or laterals is quite 
('ommon and is thought to have had much to do with the successful 
operation of farmers' laterals in those sections. 

The basis of most of these lateral incorporations is the share of 
stock representing a carrying right :in the lateral, so that. a .watel: user 
on snch a lateral owns stock in the parent compa.ny entItlmg hIm to 
water fl'Om the main canal and also owns stock in the lateral com­
puny entitling him to haye such water carried from the main canal 
to his land. Such stock is assessed to covel,' costs of operation and 
maintenance of the htel'lll and may be sold for nonpayment of 
ussessments, as in other corporations. These companies are governed 
by boards of directors who appoint the local ditch 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 
lateral companies. 

LOCAL-BfPROVElfENT DISTRICTS 

The irrigation-district laws of several States permit the formation 
of subdistricts within irrigation districts for the purpose of making 
locnl improvements and assessing the cost against. the lands benefited, 
bonds being issued which, so far as the bondholders are concerned, 
are un obligation of the entire irrigation district. The consent of 
only a portion of the landowners Within a proposed local district is 
sufli.cient to authorize its formation 1111d silbjection of all lands to 
an obligation to pay for the cost of the improvement. The in'iga­
tion-district law of Washington, where these subdi~tricts 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 \Vash­
ington, principally for lining community ditches, replacing earth 
ditches with pipe. installing measuring devices, und in some cases 
for building new ditches, opel'lltion and maintenance not being con­
templated. There is no local gOYernment, all affuirs being handled 
by the directors of the parent irrigation district. The principal 

http:compa.ny
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advantage of the local-improvement district is in accomplishing 
needed Improvements over the objections of a small minority who 
could successfully resist being drawn into a possible incorporated 
company and who could therefore in many cases defeat the proposed 
improvements altogether. Its use is, of course, limited to organized 
irrIgation districts in a few States. 

MAINTENANCE DISTRICTS 

A unique organization originating with Sunnyside Valley Il'l'iga­
tion District, \Yash., 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, a local foreman is chosen by the landowners 
(the action being subject to ratification by the Sunnyside district 
directors). This locaL foreman is considered to be the agent of the 
irdgation district, and his duties arc to hire men (preferably local 
water users) to clean the lateral and krep it in shape. Payments for 
labor und material am made by the Sunnyside district, and the cost 
is assessed against the lands hl the maintenance district and collected 
as a part of the general district taxes. The mainten:lTIce district is 
considered to be a distinct improvement over the unorganized lateral 
in that it forces the" slacker" to pay his proportion of the cost of 
maintenance. 

DESIRABILITY OF LOCAL CONTROL OF LATERALS 

Control of lateral and sublaterul systems by the water users has 
worked admirably under some circumstances, notably those surround­
ing the development of the Union Colony 2 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 
family kinship~ thought along the same lines, and were disposed to 
work together for their common welfare. On the other hand: local 
control is no!: lJradicable where the users are of varied nati:malities, 
speaking difI"el'ent lunguages, thinking differently and not willing to 
be responsible fOI' ea<:h others' doings. In any event it is essential 
that there be a few men competent to take the lead and to see that the 
work is properly done, and the safest plan is for the users to organize. 

ASSUMPTION OF CONTROL BY IIIAIN ORGAN!ZATION 

Casps are rather numeroUs in which enterprises have assumed con­
trol of laterals built by the farmers; much more numerous, probably, 
than where n reverse procedure hus occurred. These changes have 
been due mainly to the desire of the farmers to be relieved of the 
responsibility of maintenance or of costs out of proportion to those 
incurred in neighboring communities; to a need for more efficient 
operation; and in 60me 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 deeded 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 

• IIm.!PnIU" Ro. G. IlUUOATIOY IY !iORTHER." COt.OIlA.DO. U. S. De;lt. Agr. Bul. 1026,
85 p., llIu~. 1022. 
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llumm'olls farmel's' laterals arc found on Umntilla, project, Oregon; 
noise pro:it'et, Idltho; and Fresno and Consolidated irriga.tion dis­
tricts, CaJifornill. 

Assuming ('ontrol o\'er farmers' lutel'llls is necessarily an indivic1uul 
tmnsaction on el1ch Inteml und rOl' that reason usually progresses 
over It pet'ioel of years. .A. very general requirement is that the 
lateml be put in good repair before being turned over to the main 
ol'gnnization. 

DESIRABLE UNIT OF DELIVERY 

r nd{'l' tho :tn.,'ol'al,le ('ircul11stances indicated above uncleI' Desira­
bility of Locn! COIlIl'O! of Lntel'llls, the water lisers mlly be able to 
hundle operation and maintenance elliciently nnd with n smaller cush 
outlny than could the central organization. Tho builders of a· new 
pl'ojcet, howevt'l', have usunlly no assnrance thnt such conditions will 
obtain. For this reason, !lnd to relieve settlers of the bUL'den of 
building long distributing ditches, the more advisable course on a 
new project is to arrange for deli "cries to relatively small units. 

The most desirable unit will depend, in geneml, upon the char­
actm' of the ('oHnb'y, sizc of land holdings, and probable type of 
ngI'icnltl1re. III nn orchan1 or smnll-fruit country, where the hold­
inh'S arc relatively small and the users numerous, the desirable unit 
is smaller than .in tt genernl-crop region, and in some s(:;ctions of this 
type deliveries may be l?l'ofitnbly mnde ft'om underground pipe lines 
n.t the highest cornel' of each lO-acre tmet. In n, new country, par­
tiC'ulnrly where the ngricultul'Ill practices are likely to be less inten­
sive, deliveries are maclemorc satisfactorily Ilt the highest point of 
each 40 or 80 or even HiO ncres, 

METHODS OF DELIVERING WATER 

The object of the fal'met' in applying irrigation water is to make 
possible the most profitable production of his cr01;>s. This does not 
always menn the gt'entcst prodnction, for there IS always tt point 
beyond which a. ful'ther application of water will result in decreased 
yields unel u. point beyond which it will bring diminished net returns, 
t.he two points not necess!lrily being identical. The human and 
economic val'iables i.nvolved in el'op production throughout an irriga­
tion system can not be reduced to ally exact basis in the original 
desigri of the system; yet with the increasing availability of informa­
tion us to the' water I:cquil'ements of soils and crops, and with the 
practical experience g:uned on so many irrigation projects, it is 
certainly possible to plan, within closer limits than heretofore, for 
the delivery of those quantities of water which will best serve the 
needs or nntiei patec1 crops, 

'l'he selection of It method of delivering water which will best 
serve this pnrpose is therefore an important consideration ill the 
design of the distribution system. Once in effect, the method may be 
dirficult to changc, for tht' type of canal construction, size of delivery 
boxes and farm laterals-as well as the preparation of land for 
irrigation and habits of the irrigators-frequently prove to be limit­
ing factors. ~efore the character ancl capacity or the system are 
finally determmed upon, study can very profitably be devoted to the 
moisture requirements of anticipated crops, effective water-holc1ing 
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capaeily of soils•. and the more readily ascertained factors of char· 
ncter of water supply and topography. 

",Vater is deli vereel to the individual irrigator either in a continuous 
flow or at intervals. ",Yater delivered at intervals is served in turn tD 
each of a group of irrigators, or is delivered to the individua1 
whenever he' calls for it. .According to this classification, there 
nre three basic methods of water deliverv, which ttre called (1) con­
tinuous, (~) rotation, and (3) demund.· 

ELEMENTS OF A DELIVERY METHOD 

The use which may be made of water delivered to a farm depends 
upon the fl'equency 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 watel' delivery, and 
the degl'ee of success with which they meet the requirements of 
the irrigators, taking into llccount the physical limitations of the 
project and without undue waste of water, is the measure of the 
efficiency of the method in question. 

1FREQUENCY OF DELIVERY 

The frequency with which water is needed by the irrigator will t 
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 o\'er many days; while with other soils 
which cun hold less water in the root zone, frequent light applica­
tions are preferable and irrigation turns many days apart are not 
oufficient. ",Vith a given soil type, there is a wiele range in the 
water l'equirements 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 
lIse of the water delivered is to be obtained. 

DURATlO~ 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 .II 

ineflicient. • 
HEADS on STREAMS OF WA'l'ER 

An element 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 
water to the land are made to depend upon the size of head selected. 
Hence a mistake is very difficult to correct. Necessarily there is 
usua1ly 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 smaU<;r streams may be guided over rela­
tively uneven surfaces. On t.he other hand, careful preparation 
of land often pays for itself in uniformity of water applications 
and decreased labor costs. If a stream of 2 second-feet IS as much 
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as an irrigator can hlmclle on unpt'epared land, and if such stream 
pro\'es too small for economical irrigntion, it will pay him to pre­
pure his land to rcceh'e a !tn'ger one, Of course, large streams arc 
not feasible on steep slopes, regardless of preparation of land, 

The adequacy of any irrigating stream will depend upon ,\il and 
topographic conditions and will seldom be the same throughout a 
large project. In general, an "adequate" head will be a stream of 
water lal'ge enough to covet' the ground without excessive loss of 
wllter by deep percoi.'ltion, yet not so large as to result in a movement 
of water across the field so rapid that it does not be(;ome a.vailable to 
jhe plants, The absorption of water is much more rapid by some 
soUs than by others, and a stream, large enough for the propel' ir­
rigation of n fairly impervious soil might be wholly insuflicient for 
all open-textured soil 'with similar slope, Com'ersely, where imper­
violls soils IIl'e encountered, the problem is to get the water into the 
soil, l'llther than to get it over the ground without loss by deep perco­
llltion; \so that in such Cllse any increase 0\'e1' the size of an effective 
head will reliult simply in wasting the water at the end of the field. 

To illustrate this matter fUl'ther, 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 'Yo G. Steward, of the 
United States Reclamation Sel'\"ice, in Boise, Vulley: Ic1aho,3 llnd in 
1\)1;> by agents of this depnrtment in ~ooperlltjOI1 'with the State 
depal't!nent of engineering and the University of California at Davis, 
Calif.' The two groups of experiments were made with heads of 
very different ranges in 8ize-1 to 4- se~ond-feet in Boise Valley and 
+.6 to 17.8 second-feet at Davis-but showed similar results, namely, 
that the amonnt of 'water pel' acre required to get over the ground in 
each case decreased ll1arkccUv with the increase in head; 01' expressed 
differently, that doubling the heac1resultecl in covering the ground in 
considerably less than half the time. The im'erse ratios between size 
of strealll and depth of application of water necessarily apply only 
to the conditions uncleI' which the experiments were made, but nrc 
vnluable in that the~r point out the extent of loss of water that may 
occur where inadequate heads are llsed on porous soils, 

CONTINUOUS DELIVERY 

J'IlINCIPAf, FEATURES 

This method involves the delivery of n stream of water, usually 
VCl'y small) to each irrigator constantly throughout the season. If a 
gil'en amonnt of watet' is served continuously 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, if the use of very small heads for one reason or another is 
necessary, then continuous delivery follows as a mattel' of course. 
An exception to the above appears uncleI' some combinations of cir­
cumstances, such as on cnnals with late priorities deliyering water 

• flAIIK, n. II. I,Xl'lmon:XTS oX 1'IIE EC'OXflMI('AI, USE OF lltltlClATIOX WATER IX IDAHO, 
tl, S, Dept. "~I'. 1\111. a:m, r.R p .. lIIuH, W1G. These I'xper'\mcnts al'!! dlscUHSC!l by :'11', 
Stcward in :I puper' in ., IlcllOl't of Hols" Confer'cllce of Operlltln~ Engineers. l!JtI!' 

I AD.UIS, I,'" Uonml'l:sox., H, n., BEC'ICF.TT, S, II., HUTC'HIXS. W, A" lind ISUAt:r,SEX, 0, ,y, 
IX\'ESTWNrJOXR M· TIn: .:I'nX()~IJ('Al, Ul"t'\' (W \\',In:U FOil ,IL,'.!.I,I,'A D( S.l.CRA~lEXTO YAl,LJ;:Y, 
CALIk'onXIA, lnlO-L9LIl. Calif. lJCllt. Enllln, Bui. 3, 78 p., HIus, 10;t1, 

Q~502°-2&-~ 
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not appm'tellant to the land, where heads of several second-feet in 
size al'e delivered continuously throughout the relatively short period 
during "which watel' is avuilalJle. 

WHERE CONTINUOUS DEr.lYERY IS NECESSARY 

In some situations there .is no course other than to deliver water 
continuously. On the steep slopes of the Sierra foothills of Cali­
fornia the use of large heads is impracticable on accolUlt of the wash­
ing of soil that would l'l'sult, and it has proved n~cessary to use very 
small heads-sometimes as slllaU as 1 to 3 miner's inches. Heads of 
this size make continuous use necessary. The same situation holds 
in othel' parts of the country where water is applied on very steep 
slopes, l1.S well as on gentler slopes where the soil is easily washed. 
",Vhere watel' is to be npplied constantly to rice, continuolls delivery 
is required, 

\\'lll;:JU:: l'OST[Xl'Ol'S DELln:RY ~Ll.l BE .\D\''\NT.\GEOUS 

There are other situation~ where continuOlls deliYel'Y may not be 
absolutely necessary, but where it will accomplish the desired end 
better than other methods. On slopes where the soils are either so 
light or so shallow that irrigation is required frequently, and for 
soils so impervious that long runs with small heads furnish the only 
means of (ltfecting penetl'lltKJll or water, the continuous use of It small 
hend of water will often be more satisfactory than the use or 3: 
larger head at inter\'uls. The real determining factor in such cases 
is the nec-essity, resulting from the slope and soil, for using \'ery 
small heads; the need for frequent irrigation heing a secondary 
considemtion becauRe in so many cases it can be reac1il}; accomplished 
by a method of rotation at frequent intervals, 

li'rom the standpoint of irrigation farming, water is needed so 
much of the time fol' small fruits and truck gardens thnt the Con­
tinuous delivery of u smull stream for s11ch crops is a decided advan­
tag(', particnlai'ly ns it will add little to the labor burden in growing 
them, 

WHEIt~} COXTINICOUS D~:l.l\,ERY IS NOT DEsmAIlLE 

Continnons delivery is not adapted to soils so light as to prevent 
small streams of \\'Uter from getting over the grollnd without excessive 
loss through deep penetration of moisture. In such a situation the 
only effective method of accomplishing irrigatiol1, without excessiye 
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 lmiform ap].J}jcation of water to 
all parts of the field. Continuous deliwry uncleI' such circumstances 
is likely to pro\'ic1e water when needed and in the quantities needed, 
but only at the expense of an unjustifiable waste of "water. ",Vhere 
this method of delivery is practiced, as it is so extensively in the 
Nortlnrest, uncleI' conditions of soil, topography, and crop production 
which do not require jts use to the ~xclusion of other methods, the 
test of its usefulness will be: Does it provide streams of sufficient 
size to .inigate the soils of the particular project without undue 
W:lste ~ 

To answC'l' this question with any degl'C'c of aceuracy requires It 

study of the soils of a gi ren project and of ,dult becomes of the ,vater 
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appliecl with heulls of different ranges in size. There are countless 
sitnations in which waste of this churacter is apparent from the difli­
culty with which small streums are forcecL over the ground and from 
the {'ase with which irrigation is accomplished with lRrger streams, 
without a c1ecrcnse in yields of crops tl'llcenble to the smitller quantity 
of water applied 'with the larger streams. 

Tho size of heads delivered continuously in the Northwest has 
lIstllllly resulted :from contract or water right. Streams are frequently 
onc-hulf or five-eighths inch per acre and seldom exceed 1 inch per 
nCl'e, where an inch represents one-fiftieth Or one-fortieth second-foot, 
nccol'(ling to the laws and customs of the State. A b'act of 10 acres 
may be entitled to It delivery of only I) miner's inches, which under 
the conditions obtaining on most of those pl'ojects is too small to be 
lit all p1'llcticablc. The owners of small tr'acts are forced to combine 
their streams with those of neighbors and thus opemte It local system 
(If rotation in use. Owners of 40 acres Qt' more may command irriga­
tion heads of one-hall: to 1 second-foot, which they often consider 
adequute for propcr irrigation but which nevertheless is not adequate 
on the morc porous soils of light slope. Heads of 2 or 3 second-feet 
have almost invariably given greater satisfaction when substituted 
1:0l' the smaller streams, rl'his has necessarily involved the installa­
tion of n limited system of rotation. 

, 
 )IOlllFICATlON OF CONTINUOUS DELIVERY 


~' ,. Ev('n relatively smull changes in size of cklivery stream have 
pron.!d eli ftieult to brin';.',')" about on well-established projects, owing to 
tho reluctance of the :rurlllcr to giving up the right to !t constant 
stream. of water, and have been limited mainly to small groups of 
users. However, there ure notable examples of complete or fairly 
complete changes that have proved very beneficial. Minidoka Irri ­
gation Distdet, Idaho, is an example of a project laid out for con­
tinuous delivCL'ies, with latemls not equipped to carry the large heads 
of wutel' that It completely coordinated Rystem of rotation would 
make necessal'Y, but on which local schedules of rotation have been 
effected. On Tieton division of Yakinm project, 'Vashingtoll, con­
tinuous deliveries were abandoned in 1914 in order to conserve the 
water sup!;>ly, for it developed that the use of less water resnlted with 
larger indn"idllal streams. Continuous deliveries on Umatilla project, 
Oregon, W('l'e given up as being Ullb'llited to sandy soils and rotation 
heads of 2 to 2% second-feet for hellvy soils find 4 to 5 second-feet for 
snndy soils were adopted, Efforts along the same line, with varying 
degrees of success, are being Illude by irrigation managers on several 
smaller projects. 

REsur.TS 0],' CONTINUOUS USE 

Continuous delivery does not always involve the constant use of 
water by each lrt'igator, but at lenr,i; gives him the right to Ilse it con­
stnntly. An unfortunate result is a heavier use of water than neces­
sllry in many cases, dlle primnrily to the fact that the water is at all 
times IIvlLihl,ble, It is even charged in some localities that wuter 
users seldom ('1os(' their head gates, preferring to waste the wuter 
whcllllotnceded, for fear that turning it bllGk irltQ th~ cnllql woulq be 

http:REsur.TS
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a confession that they need less than they receive. 'Yith the i;J.creas­
ing demand for water throughout the "Test, such practices can not be 
countenanced indefinitely. 

Where continuous delivery 1S practiced, much preventable waste of 
water may be eliminated by measuring the water and charging for 
it on 11 quantity basis ,,,here 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 It certain quantity of 
water pel' acre, and for a certain charge for ench acre-foot delivered 
in excess of the minimnm, with the result that an irrigator pays for 
what he wastes as well as for what he uses. 

CONTINUOUS DEI,IVEll, 'IO I,,\,[ERALS 

The management of :t project may deliver water to a lateral ancl 
allow the users under the lateral to effect their own distribution. In 
such case continuous delivery to 11 lateral does not preclude the users 
from rotating the water among themselves if 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 
mam distribution system. 

UBI': OF COXTINUOUS-llELlYERY HEAD ON THE F,\RlI£ 

UncleI' a continllous ]wacl the farmer must rotate the entire stream 
or portions of it, depending upon the size, from one part of his farm 
to another, cutting 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 
~bjectionable 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. 

FINAL TEs'r OF EFFICIENOY 

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 ma.ximum crop production. The fre­
quency and duration of irrigation are not necessarily under the 
iITigator's control because of his having a constantly flowing stream 
of water at his command, but only in case he has the use of a~ irri­
gating stream large enough to cover the ground properly, wlthout 
undue waste, whenever any portion of his farm reqmres irrigation. 
A method of delivery that gives him an adequate irriga.tion stream 
during just such times and no longer can well be said to ha;ve served 
its purpose. This, however, is an ideal that in actual practice is 
very difficult to reach. Continuous delivery under many circum­
51ances 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 It form of waste that il'l often in large measure 
preventable. 
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ROTATION DELIVERY 

ESSENTIAL Fl:lA'l\JR.ES O~' lWTATlON 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 indiYidual USCI.' under the continuous-delivery method. 
Irrigation turns are based on some form of schedule which governs 
the frequency and duration of il'l'igation. With a given water 
supply, the planning of the schedule and the size of irrigation head 
necessllrily depend upon euch other, and on both depends the advis­
ability of a rotation met1lOd of delivery under any set of conditions. 

co~n'AlIISO:,,( OF nOTNrION DELIVElIY A:,,(D CONTINUOUS DELIVERY 

Rotation in water delivery is desirable in many cases where con­
tinuous delivery is inefIieient. 'Vhel'e the irrigation heads are too 
small for eflicient application to the soil, un(i where water supplies 
mnst be conSl'l'\'ed more carefully, the combining of heads to a 
degree suflicient to get o\'er the ground properly and the delivery 
of this combined stream to different tracts at different times is 
desirable. Except under circumstunces of consiclerable slope and 
light soils, or other local conditions unfavoruble to this method, 
the larger heads 'will coyer the ground faster, with smaller quantities 
of water applied to the soil, but with It larger percentage of the 
application retained where it is needed. It has been the experience 
of many canal llUUHtgers who have campaigned in the interest of 
rotation on f~ll1an late mIs, that those farmers who have reluctantly 
maue the chnnge have become readily converted after a trial with 
the larger streams. Hotation involves cooperation and consequently 
a sacrifice of thefnrmer'::; complete independence in handling his 
water, but this objection should carry little weight against the ad­
vantage of. 1'Pcnring nn adequate irrigating head. Furthermore, 
It saving in the labor of irrigating often results from the use of 
larger heads. 

]!'rom an operation standpoint, rotation and demand deliveries 
undoubtedly increase 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 carried than would be the case if the canals were kept in 
constant use.G 

On the other hand, canals used for rotation and demand deliv­
edes are nccessnrily larger than for continuous deliveries nnder 
otherwise similar conditions; in which connection a summary of 
seepage measurements made in various sized unlined canals shows 
a fairly constant decline in the avernge 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.O 

• Experiments (unpublished) by O. V. P. Stout, "lrrlgatlon engineer. nnd Carl Rohwer,
associate IrrigatIon engineer, in pooled chnnnel sections in San Jonqu[n Valley, Cnllf.• 
showed It constant Increase [n the length of time required to absorb u given qUltnt[ty ot 
wuter In n. channel not theretofore used, In sandy soli, the first experiment being nnule 
while the soil WIIS dry and succeeding experiments while It remu[ned wet, with n. drop In 
the cUl've for n. (UI·ther tt'st III II de lifter the channel hud stood empty for 13 duys. Tests 
In u chunnel that had been in use Itimost to thc t[mc of the cxperlmcnts in n bcuvle... 
soli 81101"1'(1 Il gl/nlllll' trl'lId. but nol so l)l·onollllced.

• l~oll·rn:1t. S. t'oxcm:rl-l 1.1X1XU AS AI'PLIED TO IRRIGATION CAIULS. U. 8. Dept. Agr.
Bul. 12tl, Btl p., lIlus. 11)14. 
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VARIATIONS IN .LOOAL-ROTATION METHODS 

Of the many types of rotation delivery found in practice, the 
simplest forms-and the least removed from continuous 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 are still continuous. Thef5e arrangements are some­
times limited to two farmers, and in other cases affect an entire 
lateral serving many farmers. They are usually voluntary on the 
part of the farmers concerned. 

Necessarily these local arrangements vary widely in character 
and covel' many different situations. Two examples of the simpler 
forms in ~D:al;:e River Valley, Idaho, may be cited. In the first case, 
four adjommg 80-acre tracts are served by a lateral carrying a con­
tinuous stream of 160 miner's inches, each tract using the entire .,. .~ strenm for two days at a time, the rotation period thus being eight 
days. In the second cnse two SO-acre tracts and three 20-acre 
tracts are entitled to a combined stream of 110 inches, which is 
given for four dnys to each 80 acres and for one 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 s;.ze were 
being tried-nltllOugh the smaller head and longer intervai between 
waterings in the second example are somewhat less desirable than 
the first schedule. Obviously the most satisfactory schedule un.der 
such circumstances will depend upon the happiest combination of 
fal'ms and farming conditions. 

Local-rotation methods left entirely to the initiative of landowners 
who would otherwise take water continuously lead to a more efficient 
11se of the water so far as they go, but frequently they ~o 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 stre~ms 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 
Ilnd topography. "With these zone allotments as a starting point, and 
with due "regard for the crops and wishes of the landowners, rotation 
schedules are drawn up for the several laterals by the manager so as 
to give irrigation heads 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. 

CO~[PLETE ROT.~TION SCHEDULES 

Many irrigation 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 floils or crops so far as they are known, 
und to this end different schedules are sometimes planned for difFerent 
parts of a project. At best this is a difficult matter where crops are 
diversified, except under happy combinations of early and late season 
crops; and when diversification is extreme, rotation deliverie~ fall 
furthest short of supplying water when needed and b the quantities 
needed. 

\Vith a given supply of water, rotation in delivery accomplishes, 
under most circumstances, a better use of the witter than does con­
tinuous delivery. This is generally true from the standpoints of both 
the project and the individual user. vVater delivered on demand of 
the. user can usultlly be put to an even better use by the individual, 
but in many cases ,yill not accomplish so much throughout the project 
as n whole. UncleI' such circumstances a· properly designed rotation 
schedule will fit the situation best. 

Schedules on the portions of lL California project in which rela­
tively heavy soils predominate are basecl on the delivery of 1 second­
foot to 10 acres for 24 hours each 15 days. This plan was adopted as 
being the most equitable in view of the capacity of the distribution 
system and the fact that soils and crops were fairly uniform over a 
large area. Obviously the plan would not be equitable if no deviation 
were allowed. A schedule is prepared on the above basis for each 
ditch in the area, but departures are arranged for, or are permitted as 
ue:tween neighbors, to the extent allowed by the ditch capacity, On 
account of the original layout of this project, the management could 
not pL'Ovide for varying local needs to the extent desired. 

Contmcts for the delivery of water on a Montana project pro­
vided for a maximum of 2% acre-feet per acre pel' year, or one-half 
acre-foot pel' aCI'C in anyone month. This required delivery at the 
rate of 1 second-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, 01' for a full week every other week to each 60 
acres, or for three and one-half dRYS every other week to each 30 
acres, with double the length of run each fourth week for orchard 
tracts. The contract requir".!ments 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, uncl 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 .Iuly 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 citecl of schedules based solely upon two or 
more soil classifications. In general, these schedules provide for 
deliveries at relatively frequent intel'vals to porous or shallow soils 
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. vVhere crops 
are uniform-for examJ;>le, on projects or units of p.rojects composed 
entirely of orchards-lt 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 It difficult matter to work out a schedule that will make the 
most complete use of the wuter supply and at the same. time fulfill 
individual requirements. Except under the most favorable con­
ditions of uniform soil and crop requirements, n rotation schedule 
can llOt meet fully all local needs, and to do the greatest good will 
necessarily strike tl balance between the limitations of water supply 
and of the il'rigation system, if already constructed, on the one hand 
und the 11eeds of the iLTigators on the other. To accomplish this, it 
is entirely feasible to divide many projects into units and to treat the 
units sep·ltl'lltely. Therefore, where continuous delivery is out of the 
question, and where delivery on demand, for reasons that will be 
brought out later, is less prncticllble than in rotation, that schedule 
which most closely approaehes the above requirements will pro\Tide 
the most efficient method of deli very. 

FI!AMING 'I'IIE SCHElIULE 

Comprellensive schedules nrc least difficult to prepare for systems 
designed to carry hu'ge heads of water and where the water !'mpply 
is faidy well sllstained 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 cmps. It may then be decided to what extent 
the water can be made to meet these requirements. For example, 
it is determined that 365 acres of silt-loam soils under laternl X 
requiTe water evel'Y 10 days with an irrig-ation head of 5 second.. 
feet, making a total llnnual application of 3 acre-feet per acre over 
an irrig-atioll season of 150 days, or an application of 0.2 ncre-foot 
per acre per in·igation. 1'0 irrig-ate this area at this rate wiII re­
quire 7.3 duys and 2.7 days of each 10-day period will be left during 
which the hend of 5 second-feet may be used elsewhere. The re­
quirements of all othel' units have been similarly determined. Then, 
can the water delivcries throug-hout the irrigation system be so co­
ordinatecl thut all units muy recei"e their allotments regularly 1 If 
not, how close nn adj ustment can be made'~ All crops will not 
require the same total quantities of water, nor will their monthly 
requirements be the same. It will often be possible to favor certain 
crops ut those times when their needs are g-reatest, using such crops 
as alfalfa: which is irrigated over relatively long periods, to bal­
Ill1ee the seasonal deliYeries, In this way the diversification of 
curly and lute season cmps lends itself to the rotation method of 
~li~~y. . 

USE OF SUORT-SE.,\SOX W.\TER SUPPLY 

Irrigation systems in some parts of the country depend upon the 
direct flow of streams which are commonly dry by midsummer. 
In those situations, where continuous delivery is not practicable, 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 
thcn to rotate the diminishing supply until it gives out entirely. 
"Then the supply is very short-for example, only enough to g-ive 
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 
mana~ement can not afford to 'wait for them, rotation at the start is 
IwcesSllry. As It usual thing under such circumstances there is 
plenty of demand fOI' 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 WITn OTHER ~!ETlIOIlS 

Rotation may sometimes be combined profitably with some other 
method of watt~l' deli,'ery, as indicated in the prc('eding paragraph. 
This method may also be employed during the times of heaviest 
use of water to case the strain on the method usmdly employed and 
thereby increase the efficiency of the water supply. 

'rhere are many examples of this procedure, of which the prnc­
tiel' on N',-H'th Platte project, Nebr., is typical of tt well-coordinated 
plan. 'Yater is ordinal'lly delivered on demand, Qi' continuously 
jf the irrigator wishes, while water is plentiful. Then as the in'iga­
tion of sugar beets and other row crops starts, while alfalfa is grow­
ing fast, the demands for water aceumulate to a point where the 
canal eapacity is not. sufficient to carry the quantity of water desired, 
lIncI rotation is tempomrily put into effect in the several divisions, 
the inh'I'vuls bptween wnterings being increased fiS the demands in­
c·reust'. After the peak has been passed and the demands grow 
lighter, the Pl'Ot't'SS is reversed until each division is back on its nor· 
mal basis of demand or continuous deliveries. 

OltllER OF ROTATION ON LATERALS 

The order in which :t single rotation head of water is delivered 
to farmers on a given lateral is of little consequence under many cir­
cum!:,tances, but does make It difference in other cases. The most 
imoortant I.ensons for adopting one end or the other as the starting 
point nre: 

In beginning nt the upper end, the only loss of "backed-up" water 
OC'('Ul'S after the last Ilser has completed his irrigation, whet'eas in 
working up the ditch there is some loss at every change. Further­
more, little time is lost in priming the ditch in a sandy country. 
There is also less likelihood that water will be stolen from a stream 
that is pnssing lands already irrigated.

In beginning at the lower end, however, the unirrigated farms 
above a break furnish an outlet for the water while repairs are under 
way; altholwh the same effect may be hac1 by leaving a small lateral 
or 'subillteral uS a "safetv valve"" while rotating down the ditch 
und picking it up later. "In workin!! np the ditch no time is lost 
during chang:es of water-nn advantage that tends to offse~ the addi­
tional time required to get water to the first user by thiS method. 
Pnder some circumstances the users at the lower end of a ditch may 
have greater assurance of receiving ,yater if deliveries begin at that 
end. 

Probably in the greater number of cases where the order of deliv­
ery mllkcs n rcal difference, the advantage lies in beginning at the 
upper enel of the Internl. 

6$502°-28----Q 
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DELiVERY' ON D1~MAND 

Situations in which continuous delivery either is not feasible or islmeconomical, and. in which delivery at intervals is preferable, havebeen pointed out. Intermittent deliveries in rotation hllve been shownto be seldom entirely satisfactory from both of the two standpointsof individual soil and crop needs and best utilization of the project'swateL' supply. It, therefore, is next in order to inquire in what situa­tions the intermittent delivery of water on demand of the user willbetter suit all requireml!nts. 

DlFn:ItI':XCE BETWEJ.:X DELIVEItY ON DEMAND AND CONTINUOUS DEqVEBY 

The demand of the !Iser is an element of continuous delivery, inthat the ilTigutol' may call for his allotted stream wheneyer he wantsit and may keep it as long as he wants it. The fact that he and allother irrigators may keep their respective streams constantly limitsthe size of those streams. On the other hand, if tile irrigationstreams are large enough to render their constant usc impracticable,intermittent delivery necessarily follows. Therefore, in the classifi­cation of deli very methods, it is important to. emphasize the fact that
the method commonly termed "delivery on demand" denls 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 diffel'ent irrigators at diffet'ent times. To summarize, demand
delivery, in common with the rotation method, differs fundamentally

fl'Oll1 continuous deli very in frequency of irrigation, duration ofirrigation, und size of head or stream of water. 

ESSEXTIAL FEATlTRES Ob' DEM~XD DELiVERY 

The elements of the demand method are deliveries of water whenrequested by the Ilser, in the quantities asked for, and, within reason­nble limits, with the size of irrigation stream desired. De1i\'eries ofthis churacter llre ob\'iously mostsatisiactory to the individual useI':lI1d best suited to his needs. 'Vhether they also make the best use ofthe project's wllter supply is nnother matter. 

ECOXO~lY OF DELI\·EItY ON DEMAND 

To make the most complete use ofa given water supply, deliveries •must be made while the water is available and to the extent that it isavailable; in other words, the USe must conform to the supply. Onnny project the supply and the needs of crops necessarily vary fromVeal' to ),('ax. und a perfect adjustment is an ideal that can seldombe carried out. There u.l'e conditions under which delivery on demandis either wusteful of water or uneconomical from an operation stand­point, where the benefits to the individual do not outweigh theseobjections; and there are also many situations in which the method isentirely feasible. 
FAVOItABLE CONDITIOXS FOR DELIVERY 

An ample water supply facilitutes any method of delivery, but isparticnlarly f:1\'ol'l1blc to the lise of the demand method under certain('onditions. "~hel'e the wuter supply is just enough for the suitableirrigation of a project if diverted continuously, the management can 
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not always afford to wait for demands during paTts of the season and 
can not properly fill the demands during other parts, in which event 
a plun of rotation 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 sn~h pm'pose is, of course, local in every case . 

. Another £eatnre of this method that is widespread in application 
is the op\)ortunity 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 smull 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 tendency toward exces­
sivp. lise, which, in a number of cas('s, hus led the irrigators into 
bud hubits not easy to break. Latitude as to the time of delivering• 
wutel' is quite possible without undue laxity in the individual 
quantities delivered. 

Deli\'ery of water on demand while relatively few farms are under 
clIlti \'ution, is not feasible when the operation costs are too high in 
proportion to the area served. A pumping project is peculiarly 
sllb:ieet to this condition. 'll'o bring the operation costs within reuson 
lmdt'1' such conditions, it hus proved l'leCeSSal'Y on some systems to- limit the operation of the system to eertl1in periods during the season 
"'ithin whi(~h delivt'ries are made to the extent desired by the irriga­
tors. The extent to which limitations of this character are necessary 
depends upon local eeonomic factors. 

CONTROLr.ED WATER SUl'PLIES 

A water supply eontroll'ec1 by the project management to the extent 
that it 11lU}T be drawn upon as needed lends itself in a peculiarly 
favornblo way to deliveries on demancI. In fact, the ideal situation 
f1:Om the standpoint of supplying wuter when needed and in the 
quantities needed, and at the same time making the supply go fur­
thest, is the delivery on demand of water from a carefully regulated 
supply. It is not necessary 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 lund's. 

DeliveJ:ies from reservoirs provide many examples of this character. 
Other examples nre fOlIDel on projects which obtain water from lLl'te­
sinn w£'lis nnd from pumped wells. In other cases water supplies 
derivecl from the direct ftow of streams, that would ordinarily not be 
subject to economicnl demand cleliveries, when supplemented by 
storage or by pumping are satisfnctorily delivered on demand. Mnny 
growers under the Santa Ana Valley Irrigation Co., in Califol'11ia 
found their 28-day l'otntion schedule during the prol'llting periods 
unsatisfnctOlY and formed the practice of obtaining small quantities 
of watel' from neighboring pumping plants, to fill out their needs. 
To remedy this condition the company itself began buying water 
from plants owned by stock.holders to supplement its regular supply 
and thus became able to deltvel' on demand' throughout the season. 

Tho experimlce of Salt River Valley Users' Association, Arizonn, • 
is illuminuting. 'I'his project has a: regulated water supply. With 
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It largo incrense in area devoted to such crops as long-staple cotton, 
garden truck, and melons, the management tried out a demand ser­
vice llnd concluded that the slightly increased cost over that of rotation 
deli\'ery was an inn~stlllent well worth while. It was found that in­
creaf::ied crop production and a material saving of water, as well as 
improvement in seryice to the nser resulted. 1Vith demand deliveries 
in effect the farmer knC1w that he could have water within It few days 
nt any time and did not use more than immediately necessary even 
during the summer, whet'eas 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 been accustomed to applying 
more than was actually needed at his turn. 

~:COXOMICAr, 'rltANS:lIIHSION 

This featul'(, may br snbdi,-ided into two parts: (1) Transmis­
flion without hell"y lossrs re/!,llrdleHs of thr area sel'Yed; and (2) 
tr'ansmi»siOIl made l'clati,'ely economical because of the close settle­
ment of project units. 

(1) A pi pc »ystrIU th rough which water is deli vered under pres­
»nre inmlns minimum, transmission losses and is connmient for the. 
lIsers, IH'o"idcd till' capnci ty of the system is sufficient. No time is 
lost in trnn»mitting the water, for on completion of a delivery the 
closing of the olltlet yah'e makes that delivery stream immediately 
available in any othcr part of the project, Such systems necessarily 
:U'l' of hi/!,h cOiit, and on Humy projects would not be justified by the 
agricllltural production. Their installation has been confined 
mainl" to OL'chard sections. 

Tl'Il'nsmission losses in open channels are sometimes so great that 
deli,-ery on dedland to seattered tracts of land involves losses of 
water lind of time out of ull proportion to the area served. In such 
cases canal linings to the extent of their effectiveness in preventing 
losses tcnd to bring demand deliveries within the range of economical 
opl'I'ation. 

(2) 'Whcre irrigated farms are widely scattered, rotation is more 
C('onomicnl than dcliYct'v on demand bccause under rotation a num­
bet' of users are set'\'ed "'ith a single run of wuter. The close settle­
llwnt of an irrigation project means so many applications for' water 
front :L gin'll tcrritory 'within n, short pcriod of time that It method 
may be nnd frequently is used that combines the advantages of the 
rotation and dcmand methods, namely, rotation on a lateral to those 
users who han~ asked for the water. In well-settled (iistricts, nsers 
may often have the benefit of deliveries practically whenever they 
want the111 withollt rendering the transmission of water on that 
account less economical. 

BALANCING SUPPLY AND DEMAND 

The problem of balancing supply and demand may be treated 
:!'I'OI1\ the standpoints of (1) eharacter 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 waLer supply that reaches its peak during the 
SlImmcl' wi II often contribute to It sufficiently close balance between 
supply Ilnel demand to justify demand deliveries. The direct flow 
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o£ streams that ure 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 in 
deciding the feasibility of the demand method, in that an increase 
in the 11llmber of irrigators tends to diversify mOre the times that 
water is wanted. On the larger projects, therefore, there existst 	 greater 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 
greatest need of deliveries of water on demand and at the same time 
creates II situation favorable to demand deliveries. It has been shown 
that rotation deliveries do not completely satisfy the needs of proj­
ects on which soils and crops are greatly diversified, except. where the 
(-arty llnd late senson crops tend to balance each other. Even in those 
cases demand deliveries conform more closely to individual needs. 
"'here such divel'sifietltion is pronollllced the demands in turn tend 
to spread out OVer the season and in this way are better bnlanced 
,viti! lL continuing supply of water than if the soils and crops were 
more uniform. 

'l'he situation in Farmers irrigation district, Nebraska, illustrates 
this. The irrigntion of small grains tnkes place early in the season 
and is lIu·gely completed before the irrigntion of sugar beets begins. 
Alfalfa. is watered at intervals throughout the season. The acreage 
in each of these erops is normally large. On a project containing as 
much irrigateclland as this, such diversification goes far toward equal­ .,
izing the demands fO!· water anel permits of smaller canal capacities 
than would be tleeessllry otherwise. 

On the other hanel, ns is the case in certain parts of the interiOl~ 
valley of Onlifornia where large heads of water are desired at rela­
tively infrequent :.ntervals for alfalfa and orchard lanels, demand 
deliveries would lead to considerable waste where only one person 
on n lateral needed water. 1Yhere these conditions are extreme a 
flexible rotation method is more economical and may be made reason­
ably satisfactory to the users, and demand deliveries will be justified 
only when such diversification takes place that smaller heads, more 
frequent irrigations, anel smaller latemls will be called for, so that 
water may be kept practically constantly in the longer laterals and 
suflicient irrigation heads mny be available to reach the users within 
a short time after they want them. 

PRACTTC.U. LunTATIONS ON DE~rAND DELlVER.lEB 

The deliverv of water precisely when wanted is very difficult to 
accomplish o,ving to the distance water must be carried und the 
inaclequacy of cnnal capacities for taking care of many irrigators at ... 	 the sume 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 within 

24 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 almost certain to have his watet· within two days and in the vast 

majority of cases within one day. 
.. Circumstances occasionally make it necessary to withhold deliv­
eries pending the accumulation of demands. TIns is particularly 
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true when water is scarce and thc most efficient carrying capacities ofcanals must bc utilized to make the most of it, ,as well us when opera­tion costs arc SO high as to require consideration.
Some restrictions as to the size of head or stream are, of course,necessary. Hl1vin~ determined the most efficient sizes for use in agiven loclLlity, the ll'rigator may have a choice withjn limits goyernedlargeiy by canal capaeities. A vuilable heads. on the Salt Riverproject range in sizc from 25 to 600 inches, depending upon topog­ ..

raphy, soil, Ilnd crop; the only restriction is that on vcry smull tl1lctsthe hcad mllst be SUCll thILt it will not operate to waste wat.{'r. Onsmaller projects it is frequently jmpracticable to deliver heads ofsuch wide range in size. 

COlllPARA-fIVE SUMMARY OF METHODS 

In its last analysis the method. by which water may be delivered
on any project is depcndent upon the physical conditions under which
deliyery must be made and upon the water supply. 'Within thesclimitatIOns, howevcr, any choice that may be made should certainlyfavor the needs of the water users. 

CHARACTER OF SOILS AND TOPOGIUPHY 

Lands lying on very stcep slopes require continuous delivery ofwater on account of the necessity for irrigating with very smallheads. On slopcs where the soils are light or" shallow, frequent lightappLicl1tions of water are necessary, and c.ontinuous deli\'ery to thefarm or rotation deliveries at short intervals will fit the situationbest. Soils of imper\Tious character make continuous delivery advan­tageous, although frequent rotations will do in some cases, dependingupon how small a. stream is required and how long it must be usedto saturate the soi1.
Continuous delivery is wasteful where the soils are so light as toprc.vent 1\ continuous stream from covering the ground without exces­sive loss of watcr due to deep percolation. In such cases the largerstreams afforded by the rotation and demand methods are required.Rotntion deliveries are more feasible on projects or sections ofprojects in which the soils and crops are similar in wa.t~r require­ments than where they are diverse. 

CAPACITY OF DISTRIBUTION SYSTEM 

Laying out a system for the delivery of very small heads prac­ticnlly compels the use of continuous delivery, unless funds becomeavailable fO!· enlarging canals and replacing structures at a laterdate. If small irrigating heads are not otherwise necessary oradvisable on such system, local rotation programs or modified demand 
•. 

deliveries on laterals or sections of laterals will improve the situa­tion. The flexibility of rotation or demand deliveries is distinctlylimited by the capacities of distributing laterals. 
,~ 

Reduction of transmission losses in canals makes demand deliveriesfeasible in some caSes where rotation would otherwise be required. 
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CHAR.~CTER OF WATER SUPPLY 

The charucter of the water supply is a potenr. factor in determining 
the method of water delivery. 

'Where the water supply is limited continuous delivery is inefficient 
beenuse the prol'Uted heads are too small. If conditions require the 
usc of such smnll heads, there is no alternative. Otherwise rotution 
delivery is more efficient in giving lurger streams to individuals and 
thus making the water supply go farther. Rotation can be used 
further to eaSe the sh'ain on u program of continuous 01' demand 
deliveries during the periods of heuviest use of water. Deliveries of 
a limited water supply on clemand are not efficient, unless the s,npply 
is regulated, because the management can not afford to walt for 
demands. 'Where the water supply is more abundant, continuous 
deli very often lell,1s to extravagant use because the water is con­
stantly on hand-u condition wInch may be ameliorated by charging 
fOI' ",uter on It qunntity bnsis. Abundant water supplies nre espe­
cially favorable to demand deliveries. 

Uniform monthly diversions of water seldom coincide with crop 
requirements. 'Vith such a water supply, in case of a lal'ge project, 
demand deliveries arc often most satisfactory owing to the diversity 
in times of wanting water created by t1 large number of users. A 
water supply that is'highest in midseason is best bnlanced with the 
total demands and lends itself on that account to deliveries on de­
malld. 'Yater supplies that are greatest in the spring and that fall 
rapidly during the early summer are best distributed by demand 
deliveries during the first weeks of the season, followed by rotation. 

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

CHARACTJo::R m' CROPS 

Continuous delivery is advantageous for small fruits and garden 
truck, which require water in small quantities very often throughout 
the season and require attendance much or all of the time, and for 
rice under 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 sc11edule suitable to the needs of soils and crops. Great diversi­
fication of crops makes rotation unsatisfactory in that the water is 
not supplied when needed and in the quantities needed. In such case 
demand. deliveries give far greater satisfaction to the users. If 
demand deliverii~s are not feaSIble, the only recourse is to seek a rota­
tion schedule that strikes It 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 
rotation deliveries. 

SETTLElIIENT OF PROJECT 

On 11 project only sparsely settled rotation deliveries are most eco­
nomical because of the service of a number of users with a single run 
of water. Continuous deliveries entail heavy losses of water owing 
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to the attenuation of the streams. If the water supply is abundant 
and opel'Ution costs are not too high, demand deliveries, which SHit 
the individual best, mav be feasible. As the irrigated a1'1.':), and the 
total watel' requirements of the project increase, a point is reached 
where the supply no longer exceeds the demand, and rotation may 
become necessary in order that every user may have enough. Still 
later, with close settlement of the land and' better knowledge of 
wntel' requirements, it may become prncticable again to deliver on 
demand. 

CANAL OPERATION 

Rotation and demand deliveries are more compiicated than con­
tinuous delivery, and the alternate wetting und drying of canal banks 
calise the loss of more water than would be occasioned if the banks 
were kept wet. On the other hand, rotation and demand deliveries 
are made with larger stl'('nms, which have been shown to lose pro­
portionately less water in transit than do the smaller streams. 

~'Al!lUNG OPERATIONS 

Continuous delivery becomes a part of the regular farm routine 
llnd necessarily requires a great deal of the farmer's attention. 
'With such crops as small fruits Ilnd truck continuous irrigation adds 
very little to the labor burden. A rotation schedule is burdensome 
to the ext(>nt that the farmer must take the wah.l" whether he is 
ready for it 01' not at the risk of losing his turn; yet it can'ips assur­
ance that the "outel' will be delivered at the nppointed time, so that 
other fanning operations may be planned to conform to it. Delivery 
on demand, provided requests for water are promptly complied with, 
cun be made to satisfy individual needs as they arise. 

CONCLUSIONS 

Continuous delivery has It distinct field of usefulness, but a narrow 
one, and where circumstances do not require its use it should not be 
used. notation delivery not only puts the water supply of It project 
to n. higheL' use but if properly planned may often be better for the 
indi "idllll I. Demund deli ,'cries are not always sufficiently economi­
cal to justify their lise, but where they are feasible they are most. 
satisfactol'y in providing water when and in the quantities needed 
nnd ,,:ith ilTigation heads large enough to eliminate much waste in
npplYlUg the water. 


TREND 


Pl'Ojects on which the method of water delivery hus been changed 
in recent years are not Humerous. Any trend that is observable at 
present is toward rotation, usually on small laterals, on some of the 
pL'Ojects in the Northwest heretofore operating on It continuous-flow 
bnsis, and from rotution to demand deliveries on It few projects in
other sections. 

WATER-DELIVERY ORGANIZATION 

One of the principal parts, and usually the largest, of the admin­
istmti "e organization of an irrigation enterprise is the water-delivery 
force. The importance of H,. loyal and efficient watm'-delivery 01'­
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ganization can hardly be ovel'estimated. These men are intrllsted 
with the proh'ction of the irrigntion system and with the diversion 
und distrIbution of water to the irrigatol's, and while performing 
the last-named function they come into daily contact with the water 
users, who, in the greatest number of eases, are the owners of the 
irrigation works, The best opportunity for successful operation 
lies in thorough cooperation Letween the water users, employees, nnd 

• 	 oflicinls, which in the last analysis depends mainly upon the efforts 
of the water-delivery force, They mllst go 1ll0l'l' than halfway. 

SCOPE OF ORGANIZApON 

'Water delivery is the principal function of operation, which is 
directed by a nHlIlagel' or sllperintendent. reporting to the board of 
directors or other genernl managing body of the irrigation enter­
prise. The opel'ation force undt'i' the mannger or superintendent• 
includes 'water masters, ditch teI1l1l'rs, dam and head-gate watchmen, 
pump operators, hydrographers, and such oflice assistants as are 
necessllry in receiving reports of canal stages, dispatching water, and 
keeping records, The water master is the operation field man in 
charge of all diteh tenders, watchmen, and other operation employees 
on a small project or di vision of a lnrgc project. . 

On lIlrge projects it pays to haye separate ol'ganizutions for opera­- tion and maintenance; small entel'pl'ises can not always afford it, 
and IU'C content with a small maintenance force working undel' the 
water master, Likewise it is only the largel' pl'ojects that have 
separatc departments for handling routine engineering work. 

RELATIONS WITH WATER USERS 

Employees engaged upon watel' c1eli"ery-primarily the ditch 
tenders-are usually the only ones whom the farmers see frequently, 
and al'e consequently called upon to handle almost all relations be­
tween the enterprise and farmers. The boal'd of directors is the 
ultimnte source of appeal on disputed matters, but should not be 
required to participate in those minor contro\'ersies that necessarily 
arise in ope1'ating an il;Tigation system. :Many t~'iyial matters ~nay be 
smoothed out by the ditch tenders. and more serIOUS cases not mvolv­
ing' questions of policy may be taken to the wuter master and superin­
tendent. 

As the population on an irrigation projectjncreases and as land and 
wllter become more valuable. the water users are often found to de­
mand the better service for ',·hich they can then afford to pay. Yet 
the early stages of a project's existence are the most critical, and 
abundant ex£ierience has shown that development mny be sel'iously 
retarded if th~ irrigation needs 0t individuals during these early ., years al'e not gn'en adequate attention, 

PERSONALITY OF THE MANAGER 

"Thile the success of an irrigation enterprise is not necessal'ily 
determined by the character of the management, the irrigation man­
nger may accomplish much by adopting the right attitude toward the 
farmers. Just what is the rIght attitude may depend to some extent 
IIpon the local situation, but the fundamentals are generally the 
same. Engineering training, executive ability, and business sense 
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nre most valuable assets, but they are not enough. Ability to get 
along with the farmers 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 successful and who have 
stayed. longest have been both tactful and firm in dealing with the 
wuter users. The successfulmunagcl's 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 a real interest in his crops, livestock, and other interests 
und problems while driving over the project, even at the cost of tak­
ing up va!nable time. After all the water user pays the. bins. and 
lIpon his individual success in the aggregate depends the success of 
the enterprise. This has not always been the point of view on irriga­
tion projects, but it is coming to be more generally appreciated. 

DITCH TENDERS 

DU'rIES 

The operation 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 or all employees from superintendent down. 
Even a small break is certain to Cllllse some damage, ahd 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 hoUl's a day throughout the irrigation 
season, even though their routine work may be accomplished in 8 or 
10 daylight hoUl'S or even less. 

Canals must be patrolled and water delivereel on Sunday as on 
other days. ·Where the water supply is fairly continuous, however, 
the ditch rider's Sunday work can often be lightened by allowing 
no water changes on that day. 

Pat1'o71i1w canals.-Patrolling consists of traversing canal banks 
and watchmg 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 attention required in any case depends upon the location and 
condition of the ditch and is often learned as a result of bitter ex­
perience. The age 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 attention to its con­
dition. Under ordinary 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 
on a very unstable foundation, was being traversed 16 times each 24 
hours. 

Practically every ditch tender is called upon to do a certain amount 
of such work and is necessarily equipped with shovel, pitchfork, 
empty sacks for stopping breaks. and often a hook for manipulating 
flashboards and reaching floatillg wood and refuse. Canals that 
traverse many miles of unirrigated country-as is usually 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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Delive1-ing watel'.-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 ~rtain 
ditches or sections of ditches for which h~ 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 measurin~ devices 
are installed it is his duty to measure the quantities receIved, 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 is accustomed, has an excellent opportunity to become a 
good judge of heads of water, and tlie 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
pOl·tant and very difficult duties of the ditch tender is to get the 
right amount of water to the end of the ditch and thus avoid the 
tendency either' to cut 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 III accomplishing 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 for 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 
practicable with the. water master or superintendent's office to report 
his 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 tl>e morning is apt to be 
more regular than that of returning to his quarters in the evening; 
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 total 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 overni~lit, 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 
to receive complaints and adjust them or report them to those in 
charge. It is generally advisllble for the ditch tender to ride his 
canals according to a reasonably definite schedule,. so that .the. water 
users may have some idea 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. 
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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 as clearing trash from structures and removing other 
obstmctions, but his other work requires such connected, concen­
trated attention that it is not wise to sadelle 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 11 full day's work as outlined above and to employ a separate main­
tenance force. The assistance of the ditch tender is available in case 
of It break and there can be little objection to using him on mainte­
nance work during slack periods. Dming the nonirrigation season 
the more capab.Je 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 lutve 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 a 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 quoted on this matte~ 
of qualifications: 

The ditch rider holds a very important position in the delivery of water, and 
should possess certain qualifications to fill his position competently. He should 
han' II good gencl"!ll education and some agricultural training 01' experience. 
He should be strong, healthy, energetic, resourceful, and tactful; able to make 
uccurate computlltions in urithmetic and keep accurate records of water deliv­
ered. He should, by all means, be willing to perform hard manual-labor, in 
case of breaks or on maintenan~e work, and should not be afraid to get into 
the watet·, if neccssary. He should have some experience in miscellaneous 
construction work, to qualify him for foreman on maintenance work, which 
may be requircd at any time. He should also learn to use carpenter's tools, 
as considerable work on wooden structures will be required. 

The ditch riders will be required to give their entire time to their work, and 
will not be allowed to devote a part of their time tD farming or other private 
work. Loitering will not be tolerated, and the ditch rider should take pride 
in keeping his ditches in good operating condition, and in making Ii satisfactory 
record of water -lleliv(>ry for his division. He should become personally ac­
quainted with all of the water users in his division, conditions of soil, crops, 
etc., and should know, or learn, much about irrigation. A copy of the booklet 
entitled" Measurement of Irrigation Water" will be furnished each ditch rider. 

O'Wne1'8Mp of far1ns.-A wide difference of opinion prevails among 
irrigation managers as to the wisdom of allowing ditch tenders to 
own farms and a 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 allo~ing 
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the canal rider to own a small farm if not under a ditch controlled 
by himself; or if al'rnngements have been made to have all farm 
work done by hired labor or by other members of his family; or if 
the farm consists of only a few acres. In any case there should be It 

definite understanding that the ditch work is to come first and that 
the ditch tender shall remain subject to call at any hour of the day 
or night, for under no other circumsbtnces will the ditch operation 
prove prncticable. 

ohecking.-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 constmctive service that 
can be rcndered by " checkers" is in keeping individual measurements 
of water up to standard by instructing the ditch tender, l'Ilther than 
by following him at a later hour to duplicate his measurements, for 
two rellsonably accurate measurements made at the same gate at 
diffCl'cnt hours may show entirely different results. The checkcrs' 
work, consequently, is most valuable with new men. 

RaUngs.-Efficiency ratings of ditch riders involve exactly the 
SlllIle principles as those of employees in other lines of work. The 
most eomprehcnsive rating called to the author's attention was that 
of Twin Falls Cana'! Co., Idaho. Ratings are made independently 
by the manager, superintendent of operation, and division water 
master. The following subjects are included: Natural adaptation,. 
('are of stream, use of due column, complete record, tmnsfer from 
column, tmnsfer to column, prompt response to orders, tmnsfer of 
cards in boxes, care of company propedy, industry, expertness. 

MEETINGS 

Periodical meetings of ditch riders, presided over by the superin­
tendent, have proved distinctly valuable in correlating methods of 
handling watCL', exchange of views between superintendent and ditch 
men, ancI generally in ironing out difficulties. On small projects it 
is often ~feasiblc for all opcmtion employees to meet in the morOning 
before the riders start out on their work, 01' for the superintendent to 
ring all ditch tenders simultaneously on a party telephone line, for 
the purpose of holding n, general discussion 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 i~ character to justify daily meetings, gatherings at less 
frequent mtervals are helpful. 

CONVEYANCES 

'Vhere 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 situations, such as in canyons and some 
foothill or mountainous areas, walking is the only feasible way of 
getting around. ·Where the roads permit the use of either autos or 
horses, such factors as cost of conveyance, necessity of v.atrolling 
canals thoroughly, and ultimate distances to be covered WIll usually 
determine the most suitable means of conveyance. 1Vhere patrolling 
is especially important and where SI)eec1 in covering the ground is 
consequently a minor consideration, horses and carts are preferabl~ 
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to uutos, and saddle horses are even more desirable, in requiring less J<,. 


of the driver's or rider's attention to the road and giving greater op­

portunity for examination of canal banks. Bicycles-which are 

seldo!ll used-may be· profitably employeel in a level country where 

the dIstances trnveled are not great. Motor cycles afford great speed 
in getting over the ground and may be used aeh'antageously in rare 
cases, but are less adapted to general water-delivery work than are 
the more usulll modes of conveyance and are not adllPted to patrolling 
canal banks. 

Table 1 shows the extent of use of various means of conveyancb Ii 
88 projects in 1922. The third column, giving the number of projects 
represented by each type, contains duplications, in that many projects 
use more thun one type of conveyance. The fourth column shows a 
total less than 88, because on eight projects no single type predomi­
nated. Trhis table does not include patrolmen not engaged in dpliyer­
ing water. 

T.\BLE 1.-Extcllt of usc Of rariOIlS types of COllreYUIICC by flitch tCllders, 1922 

! j Nwnbcr

I Number ~ gf
Xumbcr of I pro~e~ts 

Type of conveyance of ditch projects; on \\ blCbI d ,eacb 

I
ten ers repre·, typeI sented ; predomi· 

I I 1 nated 
I----------\-~·-:----__ 

Automobile ••_...... ........ 43.1 . 5; ! 37 
Saddle horse.... .••••. .. • .•. .. . 330 3S 32I
Horse and curL _._••••••••••. ' 12'1 19 i 
Walking__••.•..••••••••_•••• j 51 9 4 
Bicycle._•••••••• __ ••••____.... 6 3 ••.• _____ • 
~totorcYcle.. - .. --"' ______..___ .... __r__2__!__2_;,_._.-_--_••----i. 

TotaL ___•__ •______.._____) 1J.l6 ;••_•••.• _.1 80 

Automobiles pt'edominate in California, some other sections of the 
Pacific coast, and on the larger projects of the Southwest, while 
saddle horses are \'ery generally used throughout the Rocky Mountain 
States and elsewhere in the Northwest. 

QUARTERS 

Ditch tenders gain by liying close to their work. Often it is nec­
es!'ary that they live away from home or in some out-of-the-way 
place during the irrigation ~eason, in which event the organization 
employing them is forc~d to pro.ide quarters or to reimburse them 
for their outlay for rent. Quarters are necessarily provided for head 
gate and dam tenders. 

EMPLOYMENT AXD COMPGNSATION 

Term of em.pwJlrttenJ:.-On most irrigation projects the ditch 
tenders are employed only during the irrigation season and for 1 
to 3 months additional on maintenance Ilnd canal cleaning. In other 
cases they are carried 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, 30 
per cent employed all ditch riders through the year) and an addi­
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tional 8 per cent l'etained part of the force. The actual water­
deli very season covers It wide range, being 3 months or less in some 
pottions of the Rocky Mountain States arreL often 12 months in the 
extreme Southwest. Continuous employment is necessary in case of 
reservoir tenders and the more responsible diversion and pump 
attendants. 

The desirable policy is to keep the water-delivery force intact 
thl'Ollghollt the year. All-year men are likely to be more satisfactory 
thnn those who must depend upon SUllllllet work only. It is often 
difficult to get back a· man after he has been dropped, particularly if 
other opportunities arise; and the time required to break in new men 
and the loss of the older men's experience :md intimate knowledge of 
their tenitories arc distinct handicaps. On the other hand~ the sav­
ing in salaries, where the irrigation season is short and where winter 
work is not sutJicient to justify employment of ditch riders, is a vital 
matt£'r that often requires first consideration, particularly where 
effods are being made to lower the ovet'hC'ud costs, 

In some cases ditch tenders are dismissed as the delivery work 
lessens late in the season, and the " beats" of the others are lengthened 
correspondingly, This policy, however, is 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 repotts, and other miscellaneous matters to occupy 
his spal'e time. 

C07npellsaliO'/l.,-The compensation paicl to ditch riders almost 
alwnys includes a fixed allowance designed to cover the cost of con­
veyance furnished by themselves, In fact, of all projects included 
in this study, only ~our 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 ditch tenders and where the value of 
livin~ quarters was not inclllded in their salaries, ranged from $80 
to $225 per month and averaged $132 pel' month, most of the salaries 
heing from $100 to $150 per month. 

On 40 projects, W11e1'e saddle hOt'ses Qt' horses and carts were pron 
yided by ditch tenders, the salaries (not including value of living 
quarters) ranged from $50 to $160 pet· month, with an average of 
$110, most salaries running from $90 to $135 per month. 

FACTORS INFLUENCING SI7.E OF FORCE 

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

Unit to 101dck 'Wate'J' is deZivf1l'ed.-The lmit 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 avera.g-e irrigated area coverec1 pel' ditch tender 
in 1922. on 41 projects delivering to individuals 01' to relatively small 
units, was 3,041 acres, although elimination of three exceptional case~ 
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reduced the Iwerage to 2,'702 acres. The figures were rather variable. 
Hesllits from projec'ts delivering to larger units were even more 
variable and ol[ceed no satisfactory basis for making averages. 

Rize of p1·olect.-The size of the project is a factor of some impor­
tance on projects del i verillg only into the heads of latemls, in that 
the multiplication and greatel' lengths of fann('rs' laternls on the 
lul'gm' projects provide It largel' irt'igllted Ilreu, for each main-ditch I 
tender. 

NwtnbeJ', size, (tnd (f)'oltping of f(t}·J/l.~.---!rhe irrigated urea served 
per ditch tcndel' tenels to increuse with the incl'ease in the a\'el'llge 
IlUll1bel' of farllls served, Ilvel'llge size of flU'Il1s, and percentagc of the 
whole proje(·j; IIndel' i l'L'igation. IrritTated areas that IlI'C well 
gl'Ou PNI usually n'q1I ire less time nnd b~l~vel per j rrigated ncre on the 
part of the ditch tender than is required by those widely scattcred. 

i1IetllOd of 'lNdel' delivf!l'.'I,---!l'hc principal e1fect; of method of de­
livery is in conncetion with c1eli\'eries that arc really cOIltiIlUOU~, 
whl're fltrduntions in £low of water Ilrc rcduced to It minimum and 
ditch tenders a re not required to visit cach dclivcry gate dllily. 

OAal'a.ctel' of COllnDI',I/.-Rough topograph)' is apt to result in an 
ine1'cllst'd llurnbt'r of deli vcry gates where delivery is made to It prc­
sel'.ibcd unit of Inncl, to that extent adding to the ditch tender's work 
und cutting down the area he can serve. 

('Am'(('ctel' of conoe.'lance,-In general, as shown above, the lise of 
nn automobile inl'reases the scope of a ditch tender's work. 

jJlail/tellance LCOl'1e 1·eqlliil'ed.-If ditch riders are required to spend 
much timo on ('unal cleaning while delivering water the distance 
they tl'llYel wiU be propol'tionately reduced. 

Frequency of iJ'l'igatifm and len(fth of season.-Frequent in'iga­
tions necc!:isal'ily increase the work of wafer deli\'ery. On the other 
hand, a long il'l'igution season tends to lighten it, in that the use 
of water i.s spr'ead OVN' :l longer time and demands for water are less 
cOll~entl'llted . 

F-ill(tll.criaJ condition of In'oject.-"\Vheth('r the enterprise is hurd 
pr'essed for finanecs and requires an unusually high degree of ellie-iency 
fwm the ditc'h ridcl'!:; has Ii pl'Ilctical bearing upon the amount of 
work done by them u.ncl upon the numbel' of men required to cover 
the ground.. 

CONCLUSIONS 

That no one condition 01' itself cun be depended upon to determine 
the number of l1iteh tcmlers l'cquir'ecl .to deli vel' water on a given 
project is apparent from a Htudy of conditions on some 97 projects 
of aU sizes, types, and degrees of efficiency stuttered thl'ou&llOut 13 
States, Certi'till genel'lll tendencies are apparent, as listect above, 
but are oll'set in specific cases by local ('onditions of greater influence, 
FOl' example, other matters being equal, It system delivering water ~ 
only into the hends of Iatemls requires fewer operators than one 
deliwring to every farm, yet sevcral systems which do not reach the 
.individual liSt' l' show small aYCl'l1ge areas covered by ditch tenders, 
because of the nc('essity of ditch it'nders walking their beats, 01' the 
scattered lo('utioll of i ri'igatl'<l Ilreas, 01' the necessity for dose patrol­
ling. On (lip ot\lt'r hand, ('l'rhtin Hysfems delivering to the individual 
show largcr acrcages pel' ditl'h tender: because of infrequent changes 
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or water, or relatively large farms in compact groups, or in at least 
one, instance bccausc the solc ditch rider hae1 mOl'e work to do than 
hc coulclpropcl'ly handle, About the only reasonably safe conclusion 
to draw from thesc studics is that where dcliveries arc made to thc 
individual farm, the ditch tendcr cnri not be expected, except under 
thc most fnyorable circumstanccs, to covel' more than 3,000 aCl;es, 

RULES AND REGULATIONS 1 
t Rules and regulations have It distinct value in clarifying the 

policy of the management in conducting the intcrnnl aifnirs of 
an irrigation cnterprise, but lose much of it if not consistcntly 
enforced. It is better to C'hange a. rule than to allow it to become 
It dead lettcr, 8ubjeets which may be advantageously included 
in the rules and regulations follow, 

CONTROL OF SYSTEI\[ 

It is advisable to state nt the outset that the management will 
exercise exclusive control over all canals owned by the entcrprise, 
and to state definitely the degree of control to be exercised by thc 
management o\'cr prlyate ditches and the extent, if any, to which 
the wllh'r lIsers shall be permitted to regulate delivery gates. A 
stah'lI1ent should also be made reserving acC'ess to all irrigated 
lund::; for the purpose of controlling the flow of water. 

LIABILITY 0.' MANAGElIIENT A.'IlD WATER USERS 

The management is responsible only for damage arising from 
its own nets; thcrefore, it is wise to call attention to the fact that 
its responsibility ('eases lit the point of delivery, and that each 
watl'r IIS('I' is li:lbl(' for damage l;esulting from Ins own negligence 
01' unauthorized acts. 

METHOD OF WATER DELIVERY 

Th(' method and the circumstances surrounding water delivery· 
should be described fully. Ii 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, lind 
the frequency of delivery. If demand, state thc number of days' 
notice required before delivery may be made. Available sizes of 
delivery heads may be stated. State the point at which delivcry 
is to be made, j)oint of measnrement of water, and method of 
meaSurement. Measurement tables printed for distribution to users 
will go far toward establishing theil' confidence in the measuring 
device, 

Conditions under which transfers of water from one user to 
anothet· and exehanges on the rotation schedule may be permitted 
should be specified, . 

CONDITION OF PRIVATE LATERALS 

A private lateral not cleaned 01' in proper condition to receive 
water, results in ullsatisfactory delivery to the USCl' and waste of 
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water, and may cause the water to back up dangerously in the 
cnnal from which it is delivered. 'l'he management should re­
serve the right to refuse delivery under such circumstances. 

WASTE OF WATER 

1Vasi:t' of witter, eyen wht'l·c the usel' pays for it, is uneconomic, 
und where it results in flooding roads it becomes It public nuisance. 
'Yuste is often ditlicult to detect and to prevent. The rules 1111(l 
I'cgulations of most enterprises contain nn injunction. against w11ste 
and a pro\'ision that where wHter is being wasted it will be cut off. 
A remedy that hus proved e1fective is to reduce the delivery to an 
inclividulIl by the amount which the ditch t!)nder estimates he is 
wasting. 

INTERFERENCE WITII FLOW OF WATER 

Intedel'lng with the flow of water in It canal is n seriolls matter. 
The l'cgllilltion of It lurge cnnaI system is a delicnte operation~ easily 
thrown ont of adjustment. un(l tampering with structures may pos~ 
sibly injlll'e the system and adjoining lands. Stealing water and 
taking watel' out of tum are phase:; of the same problem. These 
.mntters should be emphasized in the rules and appropriate penalties 
provided. 

In some cases of stealing water or breaking locks on canal struc­
tllres It criminal prosecution has been fOllnd to be a deterrent for 
It while at least, though it is difficult to Secure It conviction unless 
the defendant is seen in the aet of taking the water. 

RIGHT OF WAYS AND BRIDGES 

Prol'isions should be inserted af!ainst placing any obstruction on 
the cunal right or \\":1 YS 01' fouling the cllnuls and structures. The 
bl'idgt' poli('Y shollld ~tlso be fitated; that is, the conditions under 
which bl'idges llIay be constmeted ncross canals, payment of the 
cost, and maintenance. 

CROP PltEFERENCES DURING WATER SHORTAGE 

Taking wnter from cedain crops in times of shortage for the 
p1ll'pose of assisting other crops less able to withstand drought is It 

probll'Jn that sometllnes nrises. Such procedure may orten be illegal. 
nnd in any cuse is an extreme measure to be taken only in case of 1"eal 
necessity. '''here it .is practiced, the rules should give the order 
of priority; ior cxnmple: First, garden crops; second, young trees. 
vines. lind cuttinbTS; and so on through the list. 

WATER CHARGES 

All information regnrding water rutes, including time and con­
ditions of payment, should be stated. 

COMPLAINTS 

It has proved wise to require that all complaints be made in writ~ 
ing. Some persons, especially if quick-tempered, are ready to make 
oml complaints on little or no provocation, but are more restrained 
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when required to reduce their grievances to writing. 'Vritten 
complamts are more likely to be really justified.B 

PENALTIES 

A good rule is to consider violation of any rule snfficient canse for 
shutting off water until, in the opinion of the manager, the condition 
has been remedied. In actual practice this penalty is applied in 
cllse of flagmnt violations. It is well also to call attention to Stal:e 
Ia ws under which action mny be taken against waste of water, tnm­
pering with structures, and other penal offenses. 

INSTRUCTIONS TO EIIIPLOYEES 

nt·ief general instructions to employc~:5 engaged in delivering 
water, }111L"ticulady instructions ]n which the users are directly 
interested, may he included ,,·ith the rules and regulntions. 

LOCAL INFORMATION 

Items of .information fot· local water users may often be profitably 
induded With the l"ules, uut should not be made too lengthy or they 
will not be reacl.° 

HIPORTANT FEATURES OF WATER DISTRIBUTION 

APPLICATIONS FOR WATER 

Rotation deliveries under fixl'cl schedules seldom require formal 
demnnd!-; for water, for it is ordinarily prcsumed that the user ,vill 
take his tum WhCll it comes around. Continuous deliveries in practice 
nre not sb·idly continuolls, and therefore call for application8 from 
the user when he wants the wntct turned on or off. Deliveries on 
demand require applications from the user prior to each irrigation. 

'Yhere the requcstfor the delivery of water involves any possibility 
of uncertainty or.· error, it Hhould be made in writing, preferably on a 
form l))"o"ic1ed for that purpose. Under the continuous-delivery 
method, where the user's irrigation stream is definite and its USe inde­
pendent of the liRe of any other person'!; stream, a simple verbal order 
to turn the water.· on or off is suflicient. However, if water is being 

.paid for on n quantity basis, the safer rule is to require written orders 
l'ven where delivery is continuous. 

Sensonal applications for ,yater service are required at the begin­
ning of each year on n number of l)J'ojccts from those users entitled to 
serViCe. (1!'ig. 1, p. 40.) The value of such application lies in the 

8 'rh(' method of hllnrlJln!!, cOlllplninls ndopted h~' t.he SnIt Hlver Valley Water TTscrs· 
ASRocllltlon Is worthy of note. A wllte~ US~I· dissatlslled with a zllnjero·s work. Is ndvlsed 
to Iny the ense din·ct"ly heror!' the I{CIWl'lll supCI·intendent. who Ol"lers an investigntlon, 
two Illen wltlL lllotlll'Cycll'!< being detlilleu to such work. If th!' cOlllplnint proves to b<~ 
Jusllfinhle It goes agllinst the z.lnJ(H'o·s rccord; otherwlsl' the wllter user Is llllvlsed as to 
the cln'ulll&(lltl('Cl<, some nellon 1)('lng tllkl'n on every cOlUplnint. The number ot COIll­
pl:llnls thnt hllve proved to be just hns decl'cnsed mlll'kedly since the innugurntlon of thIs 
pro('('(lure,

• In this ,·onnectloll n section of vnlllnhle ntlvice Is indnckd with the rules nml reguln­
tions of Lpthbrld~l' Nortlwrn Irrignttoll District. of Alllertll. CnnlHln, elltitk'<1 .. 8tr'rIlizlng
Wllter." .~rhIH S<lction ell1phn~lzes th<l dnn~l~r of usIng untrentcll IlItch wntcl' for drinking.
InUlHlerinl{. llIl11 Otll.Cl· Kuch t1nll1c~t1c pUl'IJOS'!S, lind gives the dctnll~ oC two methods of 
trl'lItin~ Illtch wnter, one lI1e1ho'l usIng c llot'hle of lime nnll th\' other 10<1ine. In Il new 
cOllll!r'y, wherll ditch wnte.· i~ likely to ho used tor household purposes, Information of this 
chnrllctcr Is of greut importuucl'. 
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information it gives to the management concerning the probable 
water requirements of the project for the forthcoming season. In­
formation of this character is especially valuable in framing rotation 
schedules. 

WATER TRANSFERS 

Water that is appurtenant to a definite tract of land can be 
delivered only to such tract, irrespective of its ownership. ·Where 
not appUl'tenllnt, howe\'er, as in many mutual companies, the water 
follows the stock ownership and may be transferred freely from 
one tract to a.nother, either by sale 01' by rental. 

'Yater transfers from one lateral to another during the irrigation 
senson muy cause serious trouble in delin'ring water and for that 
renson on many systems nre either prohibited during the season 
or restricted in some way. Unlimited transfers, where the canal 
capacities nrc sufficient to take care of them~ are much more reftdily 
handled under the demand system than uncler either continuous or 
rotation delivel.'ies, and arc most disturbing under strict rotation 
schedules where the heads of water and hours oiuse are blocked 
out in ac1\'!lI1ce. .A possible danger inrermitting too much water 
to be transfeLTed fl'Om a lateral would he in leaving an insuflicient 
head in the. Intend for practicul lise. On the other hand, a practical 
limitation is always to be found in the capacity of the lateral to 
which a, user wishes water changed. In old established communities, 
Innds served by It particular lateral are usually well defined, and in­
fl'equent transfers may be permittecl without greatly upsetting the 
deli very routine. . 

W AT.ER DISPATCHING 

Distribution of water, which forms 11, continuous stream from the 
point of diversion to the plnce of ultimate usc, is in some respects 
('omparnble to the distribution of gas nnd electricity in that it 
requires close control all along the line, and presents entirely different 
problems from the distribution of most commodities. Regulating 
reservoirs IH'e most useful, but do not eliminnte the necessity for 
control of all ditches cal'L'ying water. 'Vater dispatching, therefore, 
is a very essentinl fU!1ction of the operation of all systems, padicu­
InrIy large ones. and IS usually a one-man task because of the danger 
of divided responsibility. On the other hand, where water is 
Recured from diffcrent rese1Toirs or other sources for different. POI': 
Hons of It system, 01' where the systems are small and only one 01' 

two ditch tenders are im'olved, dispatching may be more readily 
decentralized, each ditch tender being allowed to order what wuter 
he needs daily from the head gate or reservoir tender and being 
held solely responsible for its proper distribution. 

'rwo examples of centralized dispatching may be cited. The irri­
gation manager of the interstate unit of the North Platte project, 
Nebr., cnlls the water maRtel' of ench division by telephone each even­
ing-beginning with the lowest division so that each water master 
in tUI'n may be instructed as to the amount of water to pass to the 
next lower diyision-securcs from each a· report of deliveries and 
gage readings, und gives instructions for the next day's diversion and 
distribution· of water. The plan used by Strawberry High Line 
Canal Co., Utah, is to prepare It hydrograph, which is developed 

.. 




DELIVEHY OF ll1UIGATION WATER 37 

continuously throughout the season. As demands for water come 
into the oflice the dispatchm' plots upon the hydrograph all deliveries 
to be mllde into each subillteral, making the necessary adjustments 
lIccording to lateral capacities, and in this way is able to keel? the 
laternls running as nearly as possible to capacity, thus aVOIding 
much cllnlll fluctuation. 

t 
I The Fltrmers Resen'oir and Irrigation Co., Colorado, affords an 

excellent example of decentralized ,yater dispatching with its inde­
pendent reservoirs, to which the rights of users in the several dis­
tricts are separately allocated. 

REGULATING RESERVOIRS 

Rescrvoil'S in which water may be held tcmporarily near the place 
of usc am 01: great value in canal opemtions, not only becam'e of 
the stol'llge facilitics provided but because of the aid they gi.ve in 
.regulnting the distribution 01: water and thus in getting the water 
where it is wllnted when it is wanted. Small reservoirs along the 
Cllnallines are most valuable in making the lower divisions pracbcally 
independent of the rest of these systems so far ns canal regulation is 
concerned. for they become sources of supply for the lower areas and 
ulso provide places to turn water not needed above. Strawberry High 
Linc Canal Co. has two very small reservoirs, with combined capacity 
of about 50 acre-feet, for the pmpose of taking up a large part of the 
inevituble fluctuations in camtl flow that result even with the use of 
the hyc1rogl'aph mentioned above. 

Tho use of the reservoirs in canal regulation is necessarily subject 
to any restrictions that mlly result from the need for satisfying river 
priorities. This matter is of particular impol'tance in northeastern 
Colorado, where reservoirs nrc lIsed extensively under strict State 
supervision. 

STORAGE RESERVOIRS 

A. stOL'age reservoir is in the natmc of things nn equalizing reser­
VOil', und is It potent factor in making water available for the user 
when he neecls it most. The wnter-!:iIlpply curve coinciding with the 
demand curvc makes for the most efficient irrigation. 

SPILLWAY FACILITIES 

Canal operation is greatly simplified if the system is well pro· 
vided with spillwa,ys. The geography and topogrnphy of some 
projects are sllch thut spillways are not practicable withm the irri­
gated area, and IInder sllch CIrcumstances close regulation is neces­
sary to prevent disastrous breaks. In a large California district, 
which is insllfliciently provided with spillways and in which the 
users are permitted to change their own head gates, an unusually 
hU'ge number took occasion to shut down one Sttturda.y night, with 
the result that the water disptttcher was kept at his telephone prac­
tically :m night switching the water around from place to place to 
prevent its breaking away. 

CONTROL OF DELIVERY GATES 

The management. of an irrigation enterprise is the judge of the 
desirability of aUowin/? water users to adjust the delivery gates. 
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TIndel' some circumstances the ",vater users can be of material assist­
ance in changing tbe gates; for example, nnder 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 ll.Ilowing him to open his gate 
at that hour. It is seldom practicable for the ditch tender to change 
a gate oftener than once a day, so that it is practically impossible 
for him to handle pet'sonnlly nIl changes on a system delivering large 
hends of water for short periods of time. He must keep in close 
tOllch 'with the situution at all times, and so arrange matters that 
when one usel' i.s through with the water another will be on hand to 
receive it. 

On t1le other hand, the management. can not afford to allow wntel' 
users to turn back their streams of water unless there is ample canal 
capacity to l)l'ovide for any emergency, for on closely controlled 
systems, especially those delivering a multitude of small heads, anci 
",\-here the discharges through many gates are closely interrelated, 
the bnlllnce can be easily upset, with resulting inconvenience to 
irrigators and possible damage due to overloading the canals. 
TInder such circumstances the irrigators must be reqmred to figure 
their needs uccumtely enough to conform to a single daily gate 
adjustment by the ditch tender. Shutting down over Sundays and 
llOlidays, where the wuter supply holds up well during the season, 
is a practice sufficiently general in some communities to require 
careful watching. 

Complete control of the flow of water is impossible without the 
use of locks on all delivery gates. If proper apportionment of water, 
ruther thun safety of the system, is the objective, gates may be 
locked in such II, way that they mny be shut down by the irrigator 
at uny time and ruised aguin to that point, but no higher. An ad­
vuntage of using locks lies in the confidence of the farmers that de­
liveries arc really supervised. 

MEASURING DEVICES 

On many systems watel: is not measured to the irrigators at ~ll, 
inasmuch us the compal'utIyely undeveloped state of the commumty 
hilS not demanded measurement, or the supply of water is consider­
ably in excess of its need. .A.pportionment of water in such cases 
is necessarily made by rule-of-thumb. It is sometimes felt that the 
('xpel'ienced ditch-tender's judgment is as dependable as a meusure­
ment mnde under improper conditions, prevalent, unfortunately, in 
so many places. Generally speaking, howey?,r, in the interest of 
economical use of water and in justice to those who pay for it, the 
adoption of a, meusuring device that will provide at least reasonable 
accuracy is strongly recommended. 

'Vater sold on a quantity basis should always be measured with 
as close an approach to uccuracy 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 wuter culls for greater and greater accurucy in its 
measurement. In actual practice it is often found difficult to install 
a IlCW method of meusurement owing to its cost and to the unfamili­
arity of the flll'merS with the new device. 'Where c(mditions are 
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fayol'llble for the use of an inexpensive measuring de\'ice, its adop­
tion in the early stnges of a project's existence may save considerable 
trouble Iuter. 

'Veirs uncI submerged orifices are the devices most commonly used 
to measure water to Irrigators on the projects included in this study. 
Cipolletti weirs are extensivciy used in the Northwest. 

TRANSMISSION LOSSES 

TL"amanission losses, as indicated above in the discussion of meth­
ods of delivering water have an important bearing upon canal op­
cmtion, Ilnd must be tn i{en into account in figuring the quuntity of 
water to deliver from most ennal systems as at present consthlctecl. 
The individual's water right determines the point at 'which the or­
ganization delivering the water ceases to bear such losses. That is, 
if the individuall'ight culls for 11 stntecl amount of water delivered 
at the highest point of each quarter section, the irrigation entet·prise 
must bear the conveyance losses in getting the water to that point. 
Again, if the right is for a certain quantity or proportionate quantity 
of water carried in the main canal of an enterprise, the individual 
mlIst stand the losses frol11 the main canal to his land. .A.ny am­
biguity as to this point will calIse trouble sooner or later. 

TELEPHONES 

'1'elephones arc indispensable to the safe and successful operation 
of an ilTigntion system. Pri vate lines reaching every important 
point of operation are of great advantnge in the direct and inde­
pendent service made possible. Private lines connecting with the 
ditch-tenders' homes are undoubtedly desirable, but their extra cost 
may not be justified in those cnse!'; in which commercial lines are 
availuble, particularly in view of the annual changes in personnel of 
ditch tenders that may always be looked for. It goes without saying 
that some -form of reliable telephone service should connect the office 
and the ditch-tenders' and reservoir-tenders' quarters at all times. 

RIGHT OF WAYS 

FE:\CES 

Trouble has frequently been experienced because right of ways 
along canals were not made wide enough or kept ft·ee from obstruc­
tions. It.is very important that. the road be free and clear and that 
the ditch ridCL' .in patrolling the canal should not be compelled to 
open and close gates constantly. '1'he use of It limited number of 
sheep and goats in pasturing It right of way has proved advantageous 
in some sections in keeping down vegetation and in consolidating the 
pmbankment. but uncontrolled access of stock will often result in 
damage. The cost of fencing the right of way, while a large item, 
may be fnlly justified in saving the ditch-tenders' time and in pro­
tecting the canal banks. 

BRIDGES 

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 
th(~ fil'st pla('~ and then require the fnrmers to maintain their own 
bridges. ~l'he mana!!ement should reserve the right to approve con­
struction of all fn rmers' bridges, to limit their number where neces­
sll~'y or advisable, and to require the removal of !Lny bridge found 
to be interfering with the operation :md 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 valuable forms c.ontain space for all essential information, 
simplified as much as possible. The record should be complete in 

South San Joaquin Irrigation Dlltr;"t South So" Joaquin Irriglltioll OIl/ric! 

A""LICATION FOR WATER 

SEASON 192_ 

#to,.,'",.... 
I 

WATER Rr;c!:l~ FOR SEASON 0,.192_IR./."_ Ii.. I01./0'•• Ii~ 1'-""Ii~ I 
OU:nrr ._._*._*____...,. ________________________ .. 
T.nanl ... ___ ._ ... _ ... _____ ....._••________ •_____ .. ____ .. 
Ltrlerat and S1a. •__e__ o_.______ .. _0, ________ 0__ ••••• 

CROPS TO BE IRRIGATED 

CROPS I ....IGATE.D...,-

I I I rTTTT'1 I I I 

SH_ •• ., _., T •• _~•• _..s.• R, ..•••••. E. ..._LL...I.....I ..... I.....1. ....IJ.....I...J.....1 .....L. 
COf1/itil>t1 o/I'2f') __ ~•••_._ ......................> 
 5«.. fl. DclhJtrr:J•• _•••• __••••• Total Houn•• __ ._•••• 

S/g.ed.................. ....................... 
''"I''''S~n.d .•• ~ •• ~ ••• _............._........_..... __ ... . 
 ......---.-..-...-...-...-..~~~,"'­....-....-.- ...-..--......-.... ~ ..-..~.... &"""'b..••..._..... _.__ .._•....•__ ....__ ••••.•. 

.--_...........-..__ .. __ ..............-....._...__ ...... 

FlO. I.-Sensonal nppllcntIon fur wutl'r lind Wllt('l' rccelpt, endl 41,4 by 7 Inchcs, used 
by South Sun ,Joaquin .Irrigation District, Cnllfornla 

order that management and water users may be informed of what is 
going on, that unnect'ssa1'Y trouble over quantities of wuter delivered 
may be averted, und thut data be providecl on which to base desirable 
changes and economies. Typical forms used in connection with the 
several funetions of water delivery are shown below. 

APPLICATIONS FOR WATER 

SEAaONAL .-\PPLICATIONS 

Figure 1 shows the form of application used by a district to estab­
lish rotation turns on laterals and to provide a crop forecast. In the 
sllme figUl'e is shown the water receipt signed by both irrigator and 
gitch tender after every turn l on which are also <,lnt(}rfi)d the acrell~es 
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of various crops watered at that irrigation. Space TO): "2d crop" 
is for It second planting on the same land, as corn following barley. 

EACH 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 
Illlother, either stating or not stating the length of time water is 
wanted at the new head gate; or for turning the water off alto~ether. 
It is a standardized form for use on Federal projects of differmg re­
quit'ements and is well adapted to continuous deliveries or to deliv­
cries on demand where the periods of use are protracted. For de­
mand deli veries co\'ering only short periods of time, the orders begin­
ning" Change .... sec.-ft." and" Close turnout" may be omitted from 
the form. 

7-307 
JU1WY. 1914 

DEPARTMENT OF THE INTERIOR 
UNITED STATES RECLAMATION GERVICE 

WATER REQUEST 

••_ •.•••.•.•••••.•....•.••.•••••••••..••••••••• , 19 _••. 
U. S. Reclamation Service: 

Pleose make tho following changes in the water for my land: 
Deliver ............ sec.-ft. to turnout .........._ on •.•....•..•••..•••••••.•••••. _ 

lateral beginning ........................... until ............................................. 
Change ............ sec.-ft. from turnout ............ on .............................. 

laLeral to turnout .......,. on .................. lateral beginning •••.••..•••.• _ ••_ 
until __..................._............................... 


Close" turnout .......__ on ................_. lateral on ••.•••.••••.•••••• _ •.•.•••••• _ 


·····-·········································..w~i; u..... 
Received: ....................................... 


···············································-c,;,;;;i Rider. 

To thu Wnter U:str: In roquostlng wllter servlco give nt l~t two days adn.nco ootloo of your noOOs, wing one or 
tlJese cards ror tllCh run of watot (rom each tW'llOUt. ~~ 

FIG. 2.-Wnter·request carll, 31f., by 51f., inches, usell 011 Felleral projects 

(iI. Figure 3 shows another water-request form used on Federal 
projects for demand deliveries, containing information on crop 
acreages. 

DlTCH·TENDER'S REPORTS 

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 Ilre charged for on a quantity basis. Every delivery 
report should be signed and dated by the ditch tender before being 
tumed in to the office, in case the matter should be brought into 
court. ea'ses are on record in which users have disclaimed their sig­
natures to applications for water, but are extremely rare, for a water 
llser 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 individual report, on the reverse side of an 
appliC'ation card, is shown in Figure 4. This provides the manage­
ment -with the necessary information regarding each delivery, upon 
which to base clH~rges for water, but does not provide details of the 
ditch-tendel"s measurement, which should be recorded in order to be 

DEPARTMENT OF THE -INTERIOR 

UNITED STATES RECLAMATION SERVICE 


WATER REQUEST 

........._.._!........_ ..____ t 192 

U. S. RECLAYATIOIf SEnVICE : 	 _ 

. - -	 rsecond·teet *}I b oreby ro?ue.t doh very of :water at the rate oL-···-----------lminer'. incbee 
for._•.. _. __\g~r:::}beginning.•.•_._•...__.... _ .... __..._._...____, 192 , at turnout' 
No.... _.____.on .... _ .._ ..__._.___.......... _ .......... __.._lateral or canal to inigo.te 

.tho following crop.: ............ncre. 01._._........_.......... ; ....... _ ...llCreB of___.._.___...... ; 

_ .......ncroa 01._...._......_...........__.............. _ .......... _ ......_._._.._.____.• _ ......_ 


...........- ..............- ......__..._--.-...._--..-------------- ........ --.--------_....._-_....__........----..... _-----.... ----_.._----- ....--------........_-...... 

Water U.er'a I.'arm Unit or Holding 


......_.__.•_Sec...._.T...:._...._.R.._ .._ .. 


.._._•._._.._..Sec..•. _ ... T .•.. _ ...... _R..__._. 

_.!..••_ ...__Soc.__•..•T_._..__.R._.__. •..-··-_·_·---..········-··w.;;;-;;;.;.:­
.._..._••____..Sec..__....T....__......R_..__ 

(To be ruled out by WotOf User.) 

.OIl.,o;rt~~~:t.Tfo~ ~~t~Jnor~~~:lrr~~~~Ctr;:~~'nr.ve at least two daY$' cdvanco noUce of your needs, USIng 
*Crw out word tbot doel not 81lply. _ ...... c.-a. «S-4S\U5 

FIG. a.-Wllter·reqnest cnrd, 3¥., by 5¥.llncbes, used on Federal projects 

available in case of dispute and is valuable principally as a ready 
check upon the filling of each order. 

A typical (laily report of all deliveries made by a canal rider, which 
may a.Iso be used for repOlting total deliveries to laterals, is shown in 
Figure 5. 'Where fluctuations are common it will be advisable to 

have an additional 
column so that the 

Date.____________19lL. gauge height may be 
Turned OD--__See.-F.t a1.__________II. r e cor d e d on the 

canal rider's arrival 
and again on his 

REIIARKS 	 departure after he. 
has made the neces­
sary adjustment. If 
measuring devices 
are all of one kind, 
this form may be 
simplified. 

A form of report 
FIG. 4.-Dltcll·tender's report of delivery. on reverse side covering a week's 

TumwJ off____ See.-Feet at__II., ____192_ 

of ord!'r card. :~ by 5 luclH's, used by the Fllrmers 
Hcser\'olr und Irrigation Co., Colomdo 	 operations is shown 

in Figure 6. The 
enterprise using this particular form delivers water mostly to rice 
lands, in streams ,'!hich are continuous during long periods of time. 
Under such circumstances a, weekly report is convenient. 

The monthly report used on many Federal reclamation projects is 
reproduced in Figill'e 7. The pages for each account face each other 

http:t~Jnor~~~:lrr~~~~Ctr;:~~'nr.ve
http:inigo.te
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and are bound in books 4: by 'P/.! inches .in size. This form, and that 
shown in Figure G, contain space for more information than is neces-

DATE________••2-

DAILY WATER REPORT 

DISTRICT 

FlO. G.-Dnlly watar report, 4'/.: by 8'1.: inches, used by Medford Irrigntion District, Oreg. 

t- sary to apprise the management of the ditch rider's operntions, but, 
on the other hanel, the columns into which the results of measure-

DELtvERY N..___

Western Canal Co. 
WEEK ENDINO____'8Z_DIST'UCT No.____ 

USE" OWNE"DAILY ftEl'OftT OF WATEft DIlUVEftEO TO 

n_ Toul 
TlIraM II.,.,.. ...~= ~...:c..,=;::.:-='::;.."""'=_l

OnorOtf Roo 

[- -­
:­

-I- --I--~- -.-I~---I--'\--I--J.-+-+--------I 

l---I---I--i----- ----~--I·--+-+-+-------I 

~_I_____l--I_--I-- --·1--11--+-+--1-------; 

Tot.IAGN'... ,...W_JlI_ 
..,.. ..Mt.ttrcI9·..·~·"i_ 

Total MN Feet .., S_no 

DhohRI4.r'_________
RIlPORT H'LO____ 

FIG. G.-Ditch ridpr's weekly report, 7 bv S% inches, us\'d by western Canal Co.,
CaUtornla 

ments may be extended make it possible to use these forms as perma­
.i+ nent office records of deliveries, or original books of entry, from 
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which the ncre-feet to be charged to a user may be posted directly to 
It ledger. 

The daily reportfllrnishes the office with up-to-date information on 
water c1eliyeries. The advantage of a monthly report, and in less 
measure of !1 ·weekly report, is that the ditch tender has on hand in­
format.ion concerning all recent operations. The loss by It ditch 
tender of his monthly book is very disturbing; hence the safer plan 
is to "cquire daily reports, which nre entered by the ditch tender in It 
weekly OL' monthly book before being submitted to headquarters. 

WtItWIUerOl'caulor!atenJ ....... __._______ 

_____.___•_______________..... _ 

~l'fo._,.......____
._._•••___..••___ 
Caat_ 1It.n14NWU troal-._.__.._.__•.••_____• _.urtc. cI"IH, kind __••___•___,.b: •......... _ ..._ ...•..-.. 

~~':.f--::_0"'T'O--:"_--l n:::.,~ .,.UU:Tl1aHCD- I~~ 
lft,.., Lo....... Ow. on, 

_ ••••~_",_.,,-. 0 .......... _ ..., •••___~ ••__.-11 • ....._~.K. _ 

_. _.__.' ..................._ .. _...._ ........_11. _._ 

.._ ....... _,....__.....__.................. _••• _--..111 ....._-11•••__ 

•__ .__._ ........._._ .....~••••"...........w• •__1(, _---' 


______ ..........___.........-11..--11. _ 

.._.+___.._._.._ ...................l!•._ •.lI. "_ 

_..-. __.. ,_.•. _ •. , __..... , __ .., .•_11. __.ll. __ 
___ •____ .............-- __.•••__..M _11'•._ 
_ ..__.....___..__ ...._-" .__Jr..._ 
__ •__•••__••_ •••_ ..• .....11. _Jr..._ 
__. __..__..•_._•.._._" ._•.-.l!. -->I.._ 
__ ...-..,..._ ••._._._•.•••.• _ .•••.•.~ .•.._H. __Yo ._ 

-.... -"-_....._...._...... ---". ---". - ­
_ .__...__........._ .._-.l!..._--M. ._ 

__ ..... _ .._ ......._ ..._.............--"....--'1. __ 

_ ._._•• _.__ .___•••. ___.Jl, _-.lI._ 
___..__... __"" _--"'. _-II.._ 
__••__••_ ..___.._ ....._ ...____V. __H.•_~_ 

.. ~:~~-~~=~:.:~:~:~: == 
_ .___ ...___..-.-...-.....--loC. __.le. ___ 

=:=--::::::=~ ==:.=!: =::~---___ --' . -.--. -- ...._..l!.--'<.1----»._.....II.... --_ 
_.__._._•••__ ,__K. __-11. 
___. __._. __ -.._.lI•._--1{._ 
_ .. _._..•_____ ._.11. _...Jl._ 
__•••• _~., ............ ___, M~__ 
--11. ---1(. _ 

=.::. .__,~.....__._ ._._... ........._.11. ___-Y•. 


.A.au lrrlp... _____•______ 
__._____ S.c:.__._ T.__L ___ 

_ _____•____•• 8IC __ T.__L-.__ 
___....___ 

o __._ T.__L __•s.c~ _ 

.... __... _See. T. a. 
WATER DeLIVERED. 

BaKa.au. 

------·---~·--I..------..­_.__.. -- ------ ­
--1----I-------..-_._--_.1--._--­.--- .__.. _-------_. 
-----1----1--------- ­- ------_._-- ----- ­-_..--_.-1--------- ­-_·_-_·-----1-----­--..--- -- ·---1----· ­- --_·---·---1-----­
_.~=,::r---::.==1:=:"..:...---= 
-----..__....+_.._-1------­
--+---1·----·_-1---·_-­

----- ---1---1--­
-I---I--·-f----I-·--- ­
-I--- -.-+---1----. ­-_·------1----11------­_ ._-1--­
---I----~--·~------------1------ -------- ­
-I--- --1---- ---..- ­
-----1--- --- - ...--- ­

--I---1---I-.._-j--._­
--1--·--1'----1----­
-I--- --.-- - ..-------

FIG. 7.-0pposite pnges from monthly report book used by cnnnl riders on Ifedcrnl 
projects 

STREA;\[ ~[EASURE;\rENTS 

Observations of gauge heights on rivers, main c:wals, and laterals 
are ne~decl by the watel' dispatcher daily and are usually secured by . 
telephone. For pel'lnanent record, however, it is important that the 
original 110tes of the obsen'er, signed by himself, be submitted to 
the oflice periodically. A suggested weekly gauge record appears in 
Figure 8. If the exact time of observation is essential, a separate 
sheet for each day will 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 
" Uemarks" column can take care of material irregularities. 
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BREA K R)""PORTS 

.A. written report of each break or flood is valuable. Such report 
should givc the location, description, and cause of the break, with 
full information as to damage done to land, crops, or roads, and 
time the water was turned out of the canal and estimated time it 
may be tUL'11ed back again. Amplc space should be provided for all 
descriptivc matter and notes. 

OFFICE FORl\lS 

Forms on which oflice records of cleli"ery are kept will necessarily 
depend largely upon water cl'eclit" and clHlrges. A system selling 
wuter on a quantity basis will l'equi re records and financial accounts 
clifl"ercnt from the records of one deliyering on an acreage basis, and 
It system apportioning its water and credit.iI'lg each user with It 

water dividend will need even difl'erent forms. Hence the water-

JOHN DOE IRRIGATION COMP.ANY 
01TCH TENDER'S GAGE RECORD 

St.t.lon or Lateral Tlrna Sunday Iwonda)l TUesd~ ~ Thursday frld."y SeturdC'r' RernDr"ko 
tea Ca~~G.::...iS.eI'G,.;~;s.uJ! 

....M. , 
P,M. 

00_1- - ~t-+-t-----

A.M. 

p." 
A ...... 


p..... 


"·"'·1
p.'"'.
A." 

Telttplton~ Ih~st! F'igures ,n dally 

FoMI;Urd "'is ffPorf 10 offic~ w t!nd of' It't-e-'" 


FIG, S.-Sn!;g( sled form or llitch·(endel'·s g.llngc tecorll. [jl~ by !):y, inches 

]('(lgel' and financial-ledger accounts ,,·ith users may be one and the 
same thin!!. or may haye no connection whatever. • 

Omee records of water deli,'ery often duplicate more of the infor­
mation called for on ditch tenders' reports than is necessary. That 
is, where details of watel' measurements are reported by the ditch 
tender i~ is seldom really necessary to transfer such details to another 
1'1'col'c1, for only on ran' occasions would these figures be referred to. 
Uut it is helpful to keep a filing carel for each user on which may be 
smnmarized elates of irrigation and !lcre-feet delivered, together with 
other necessary information, after having made all computations of 
quantities delivered on the ditch tenders' reports in columns provided 
for that purpose. Such cards 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
(,I'y, arc entered in numerical order in a "'Yater Rentals Accounts 
Receivable Register," from which bills and payments are posted to a 
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"'Yater Rentals Accounts Receivable Ledger," in which each account 
is debited for amounts of money clue and credited with amounts paid. 

\Vhere reservoir water is allotted to users, a simple ledger account 
with each is sufficient, the dividend of water being credited and aU 
deliveries debited against this dividend. In such case the unused 
balance may be ascertained at any time. 

OTHER FORMS 

llEAIK1ATE NOTICES 

Figure 9 shows a typical card left by the ditch tender at the 
delivCl'Y gate on a system delivering only into the heads of laterals, 
informing the users on the InteL'lll how the total flow is to be divided 

among them. Each day the ditch 
tender enters on the card the deliv­
eries for the day, 

CatrNo Division No__ 

Record or Wllter IIl.cd by 


UOTATION NOTICESTHE WATER SUPPLY &STORAGE CO. 
For wuk cndind 192 A form notifying the user of his 

Wjilh .'W~I" place on the rotation schedule for 
tn,'htl' Writ the season is shown in Figure 10. 
~ctl"P" 511.,. 

NAMJ! j ~ .! ;0 
i ;: 

i ;f ~ STATEMENTS OF DELIYERIES 

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

DISCIl.\UGE TABLES 

Ditch tenders who are required to 
read gauges on measuring devices 
should be provided with discharge 

l~IG. !l,JI£(~lld'J;ate notice, :l% by 511$ tables for the particular device 
U~~I:'~~I! lt~~ ~~lf)~'~:So WUler Supply &: used, for their own information 

and for the information of water 
l1sers, even thollgh field computations may not he required of them. 
The water uset' is entitled to know the reading of the measuring 
de\rice at any time his delivery head is going through it. 

COST OF DELIVERING WATER 

The cost of delivering water during the season of 1922 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 
endea\Tor 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 clenning, repairs, replacements, depreciation 
of structures and machinery, antI other commonly recurnng items, 
which are all factors in determining the cost of water for irrigation, 
but are not strictly a part of the cost of distributing wllter. It was 
not practicable, however, to segregate the time spent by ditch tenders 

Sc.hrduJo Ne»- .. UTAH·IDAHO SUGAR CO. 
DiatricL-", Carl.t.ad. Utah._. 

jR-------
Dear Sir:- You ..rbedole oleime (or 1nigalias_.. _. . ~ .Aaet in 5«-

Contract No. __ 
Tp__~_ '~""-_'_'~_" N. R~_ ....__._ ,_,__ "1". darla; tbl!! irrisath:ss .eaton 19~ ~ .Ul be from 

............~,.._--..--"~__,.,_ ,_\l_~~~ . .,. ___+_,_.uatil .......,._,_~_____ .~.--M 

Flow_, _~ ~ ..... .5ccoad Fed 

UT.\ll·lDAIlO SUGAR CO. 

l,'w. lO.-HotnUoll lIoUce, a',4, lt~· 8~f; II1('h('s, 11"~11 h)' L!tah-iliaho Sugar Co. on Bear 
River callal s~'stem, Vtah 

in taking carc of canals while making their daily rounds. Further­
more, as both pumping and gravity systems arc involved, the salaries 
of pump operators nre included, inasmuch as these men occupy posi­
Uons equivalent to those of dam tenders on grayity projects; but the 
cost of power for pumpjng is not included, depending as it does upon 

Form "l_11S DEPARTMENT OF THE INTERIOR 
(July, 193.)) UNITED STATES RECLAMATION SERVICE 


MONTHLY WA ~ER STATEMENT 

__.._._____ .____..____•______, 192 

DEAR Sm: 
The frcords of this offire ahow that. you have received water this 8ca&)n &.'1 rollows: 

ACRE-FEET o~· WATER. 

TOTAL. Pltll Acar. 

Entitled to (ba5Cd on minimum chorge).._____..___ .________. _____ ._____..________ 

Delivered: 
Previougly reported ........_._..________...._____..___• _______ ..__.._______________ ._.____..________ 


During __.._____..___..__.._______. _____...~....__......... _ .......___...__..._ .____..._._..............._.____ 
Total _________________._..___._.. _ ... _ .. _ .._.. _.....__ ......___ .... _ ....__________ .. _._____ 

Balanco unused (based on minimum charge). ______________ •. ___•_____ . ____________________ _ 

EXCCM over minimum ._.• _ .. u ____..... _ ......._ ....... _ ..... __ ....__ ••••__ • ___ ....__..__._... ____ _.. _ ......_ .. _ ... _ .. __ 


Description o( laud: Serial or Roference No. ______ 

=:: ~~~:: :=:: ~~~: ==.:: ~: :::::::: ~: := .\ .:::::= ~~~:: ~~~= ~~: :::~-=: ~: ::=:~: = 
Very truly YOUf3, 

•••_______________.....________________._",._______ , PToJer::t Mar.4f". 

No ohJKllonll U (o~rrot' In lh15 ~toemo.!pl_i1Ibc conslden!d UnJHS 61ed In ",rUUlI!: In the proj"' amra wlthln 10 
dAr_ {rum da,., artbia lil.t(!ment. 1'o-4i.... 

FIG. ll.-)[onthly wutt'1"-stlltclIlcnt card, :Pf by r;~" Inclws, used on Federal projects 

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 make 
lmown to irrigation managers and others the average cost of dis­
tributing water to VariO\lS delivery 1)~its in 1922 011 a number of 
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repl'esentati\'c projects. For the purpose of ascertaining the cost of 
water delivery the following items were arbitrarily selected: 

Salaries of watee-deli very employees, such as ditch tenders, dam 
tendel's, pump operators, patrolmen, during the irrigation season 
only, with value of COIl\'eyance und living quarters if fumished by 
the enterprise in addition to sulnries. Costs in this group were found 
to Iwerage 69 pel' cent of tbe total costs for all enterprises. 

Portions of salaries of manager, secretarv, and other field and 
oflice employees chargeable to water delivery averaged 19 per cent 
of the total. 

Other opemtion ('osts properly chargeable to water delivery, such 
us oflice and 'field expenses, field telephones, and proportion of over­
head, but not including power for pumping water, a\'ernged 12 per 
cent of the total costs. 

The total costs of the above items on the 61 enterprises are sum- i.... 

mal'ized according to unit of watel' delivery in Table 2. 

'l'AB['I~ !!.-Co,~t Of 'IrateI' delkery for the year 1!M2, on 6.1 projects 

Cost or delivcry-

Number 
. Uuit or delivery or Pcr mile projects Per acre oC CIInalirrigated operated 

Indh'idullls or small units ••••••_•••......••• 26 SO. 86 $100.62 

Indlvldunls llmllllteraIs .....__ •.• __......... 13 .82 128.00 

One·huH mil" rrom qunrter scction ........... 4 .76 i6.80 

lIe,lds or laternls only ...................... . 18 .30 93. ;3 


Little diffel'ence appears in the ll\'eragc costs per irrigated acre 
of the first fhree groups, but as would be expected the cost of deliv­
el'ing only into the hends of laterals is much lower. The cost of -. 
deli vering to individuals or small units ranged from .$0.31 to $2:89 
pel' acre; to individllals and laterals. $0.17 to $2.09; to 11 pomt 
,,,it hin one-half mile from each quarter section, $0.23 to $1.59; and 
to laterals only. $0.06 to $0.72 pel' acre. 

The H,'era!!e cost of delivery per mile of cannl operated on all 
projects was $102.86. 
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