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THE MEASUREMENT OF WATER

By Samuel Fortier, Chief of Irrigation Division, Bureau of Public Roads,

U. S. Dept. of Agriculture.

I

f

Soil, water aiul cliiiiate are tlie thru' main flenieuts in irrigation farming.

Little (lilfi(;ulty is experieneed in measurinj,' soils for tlie reason tliat they over-

lie tracts of land whieh can be readily surveyed and the survey recorded. On
the other hand, water and climate are very difficult to measure and record on

account of iheir fluctuatin*^ character. As a rule water is in constant motion

and the volume which passes a f^iven jjoint today may be (juite different from

that which flow(Ml yesterday or will flow tomorrow. The same is true of cli-

mate. Kain and wuid, heat and cold, not onl\- vary with the seasons but with

each day of the mouth and each hour of the day.

The people of Canada aiul the United .States have reason to feel gratified

thai they possess so admirable a system of land subdivision, land surveys anil

land recorils. These form the chief interest to farmers living in a humid cli-

mate, but where irrigation is a necessity, water usually assumes prime import-

ance. The reason for this is due to the fact that over the more arid portions

of this continent the water supply is limited, while arable land of a very fine

(juulity when irrigated, is abundant. The State of Nevada for example, has

millions of acres of the finest kind of sage brush laud, and an agreeable and
healthy climate, but owing to the scanty rainfall only a small percentage of

such land eau ever bo irrigated.

The precii)itation in Western Canada is greater than it is in Nevada and
some other western states, while the loss of water by evaporation is less. This

larger sui)ply of cloud water, coupled with greater natural conservation,

gives to the western provinces of the Dominion, a large amount of water which
can be utilized. It also follows that the more abundant the water sup[)ly the

less is its value and tlie less is the necessity for its i)roper measurement and
control. Notwithstanding these more favorable conditions as regards water,

we believe the subject of more accurate measuri'ment of irrigation water is de-

serving of the most careful consideration at the present time. ]\Iany argu-

ments might be advanced in support of this belief, but the following may suf-

fice :

( 1 I As time passes, the jn'actise of irrigation is certain to be greatly ex-

tended tliro\ighout the ])rovinces of British Columbia, Alberta and Saskatch-

ewan. To secure reliable information concerning the water resources of these

])ro\inces in order to determine the feasibility of j)roposed irrigation enter-.

prises and to safeguard capital investiMl therein, long-contimied and system-
atic nu'asurement of streams is a necessity. In this regard, the painstaking
and efficient work carried on in recent years by the Water Hraneh or the De-
partment of Lands of British Columbia, and the Ilydrometric Surveys of the

Dominion and the Province of Alberta, are to bo commended. I might add
that the stream measurement work of the Uziited States in the far western

KPt .'V
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statfs lias (loiif perhaps iimrc than any ofhiT ai.'<'iu'y iif I'ljiial fust to di'sclop

an>i staliilizc. not only ii-rijration Init hyilraulic power. ininin<: and (hunestic

wilier supplies. Conditions are so similar on eaeli side of tin- international

lioiindar\ that tin- same henefieiai ri'sidts are reasonaidy eertain to aeern<' to

th" western provinces of Canada as a result of stream jrau^rin^'s.

I -J I The j.'i'''ater part of the water which is used for irrij.'ation, power

and other purposes, falls in the form of snow and rain on the elevated ran-^es

and tahle lands. It is accordingly difficult to convey, distrilnite and appor-

tion till' water which collects in these <rreat c<dd stora}.'c plants to thousands

of users in the valley liclow. Tiiis task is well-ni^'h inipossihle without water

measurenoMits. and as a rule the more ^retieral and accurate the measurement,

the [.'reater the efficiency and the less the chalice for controversies and litifia-

tion.

Cli The- flow of rivers and creeks slioiild not he only eqiiitahly appor-

tioned amonjr irrijralion enterprises, munici|)alities, power companies, and

other le^'al takers, hut the flow (»f cacii canal or other water system should he

ei|uitahly suhdivided amonj,' those entitled to its use. ^Vater deliveries based

on ^'uess-work lead to disputes, and disputes to liti(.'ation. Keliahle wat(!r

measurements and records usually safef^uard tin- water user from hotli and

enhance thi' value of hjs rifrhts.

These and other arfrumeiits which mitrht he i)resented point to the con-

idnsion that utilized waters and those that mifrht he utilized in the fuiun-,

should he measured and the flow recorded. This conclusion, however, con-

fronts us v.ith another diffii'ulty, and that is one expense. The water user

has a rijrlit to enquire as to the cost of sindi measurements and whether he can

afford to have iiieasuriii).'' devices installed and maiiitained. In reply to such

enquiries, it mir>- he stated that most of the measuring.' devices, particularly

those used in connection with irri<ration systems, are I'clatively cheap. The
i'r)stlier watei' meters are installed hy municipalities usually at the i-xpeiise of

the consumer, to keep tah on the domestic supply, and this type could not well

he used ecoiiomii-ally hy irrijrators. In what follows, the customary methods

of stream, canal and water i)ipe measurements are hriefly reviewed and the

cJK aper devices descrihed.

The Measurement of Streams.

This work, in hotii the Dominion ami tlh I'liited States, is for the most

part conducted h.v (iovernmeiit afrencies, althoujrh private corjior'ations somc-

tiiiiis make systematic and lonjr-continued mt?asurements independently of the

(iovrnmeiit. This is particidariy true of streams titilized hy power coin-

pan es.' riie records of these companies are freiierally accepted at their full

face value liy the jrovenimeiit. and in many cases are jiuhlislied in the same

papers with the results of <rovernment measurements iiiion streams in the

neiirhhorhood. These jrovei'iiment puhlications jrive the details of the methods

of measurement used and of the iMpiipiiieiit emplo,\ed. and no oliject would he

attained in repeating; that iiifoi'iiiation here, except to sa.v that the current

meter is the staiidai'tl instrument for the measurement of the larfrer streams,

and the meter or the weir for the measureinent of small distdiarfres In many
case's a meter is used duriii}.' the flood flow, and the low water flow is led

tliroii<.'li a weir and detennined with more accuracy than is possible with a

miter. .Xmoii'r the jnihlications that may he considered of an educational

nature ahni^r llie lines of river measurement may he cited:



V'

llvilripyrapliic- .Miiiiiifil "f llir riiitcti Stjili's (lci)lo<.':ciil Siirvi-y, House

of Kcpn'si'iitiifivi's Docimii-iit No. tilC!; Water Supply ami lrriy:atiiii:

I'aper No. H4, I'. S. (1. S. \Vasliin-.'toii, D.C, l.S.A.

AeiMirai-\ of Stream .Measurements. IIoUsi- of Hepreseutatives Doell-

iiient No. <i!»4. Water Su|.pl.v ami Irrisralion I'ap.'f 'X>, l.y K. ('. Murpliy,

r. S. C. S. Wasliiiitrtoii, D.C, r.s.A.

Weir K.xperiiiieMts, Co-et't'ieients and formulas. Water Supply ami Irri-

jrafion I'ajxT No. 'JdO. Kv U. K. Ilortoii, W. S. (i. S. Wasliitie-ton. D.C.

I'.S.A.

Ki|uipmeiit I'or Current .Meter (la-rinv Stations. Water Supply \'n\n-i-

No. ;;71. \<y (i. K. Lyon, T. S. (i. S. Wasliin-;lon. D.C. l.S.A.

Itiver Diseliarv'e, hy Iloyt ami (irover. luililislied hy Wiley ami Sons,

New York City.

Essential int'ormation is also ;riviii in eonilensed lorin in the annual re-

jiorts of tlie llydrometrie Surveys (Stream .Measurements , published

liy the Dominion (Jovei'iiment at Ottawa.

I'.esides the nn'ter ami tlu' weir, there ai-e two methods ot rivei- or eaind

measurement that an' used to slicrht extent when the eipiipment foi' the more

aeeurate method is not at hand. The first of these is the float method which

will he deserihed further alonjr in conm'etion with canal measurement meth-

ods. The second is used to estimate flood (liscliar!.'i's under conditions that

prcclnde the use of the current meter, and river dischar^'es when a meter is not

availalilo. Tiiis method consists in solving: the Kuttcr or .Maniiintr formulas

for \'. sijriiifyinjr the nn-an velocity of the water in feet per second, when the

other hydi-aulic elements, except the value of the fricti(ui factor, n. are known.
These other elements are: the slope or I'ate of fall of the water surface, and

th(> avcrair<' area of the water cross-section. These elenn-nts are di'termined

from iin-asurements made in time of low water ami |)reserved for just such

uses. The value of the friction factcu', n, is a iiuittcr of .judirmciit, and may so

vary from the actual value that discharu'cs determined ti\- tliis method should

only lie considered as accurate, sa.\- within, -•> per cent. When the value of \'

has iieeii detei'mim-d hy one of these fornmla. then the discharsre. l^, is fnuml
liy mnltiplyiu'r the value of \' hy the mean area of tin' water cross-s(>ction in

sipiare feet. This "rives the dischai've in euhic feet i>er second. The Kllttc!-

and Jlaiuiin^r formidas will he ayain spoken of in coiuieclioii with eaiud mcas-

ureiru'nts.

The Measurement of Water in Artificial Channels.

It may lie stated in passin>r that the Division of Irrijratinn of the Bureau

of I'ulil'c Koads. r.S. Deiiartment of .A-rricidture. has included the measure-

meiif of water as one of its mtire important liiu's of investijrat ion for the (last

six years. Some of his woi'k has verified and confii'med similai- invest ij.';'-

lioiis nuidc thronjrhout the woi-ld hy various a<.'eucies. while other residts

lia\e refnti d the opinions of eminent h.xdraulicians who have attemjited to

appl\ one set of condili<ins the i)riuciples developed \uuler other conditions.

Tliis woi'k lias included the followiutr specuil suhjeets:

(1 1 The determination of the carr\ in<r I'apacity of artificial channels.

( :i 1 The capacity of weirs and sulimery:ed orifices tinder irrijiation and

power conditions, and the development of sjiecial measuring di;-

vicos, liased uiioii known hydraulic phenomena.



Cii Till- ilrttTiniiiHlioii of tlif iiiiTN irii: (•i|>iicity uf wimhI st;ivc ami i-un

cretc pipes.

(4) A I'oiiipnrison (if n>siilts olitaiiifil liy various iiicfhods used in tlu'

o|)orati(>ii of till- fiirrent niftcr in irrigation anil powiM* canals.

(.'») A comparison of results olitaincd li> floats and the more accurate

current meters and weirs.

((ii The determination of vclocitirs. from which dischar^'cs may lie ascer-

tained, liy means of colors in pipe sracin^'s.

(7t 'Die testin".' of maii.N types of special measuriiii.' devices to determine

their adapt iliility to irri^ration and power conditions.

in oi'dcr to dcsijrn irri^'ation or power channels correctly or to estimate

the capacity of caruds wlii<di at the time i>f inspection are carrying hut a jiart

of their maximum capacity, a lony series cd' experiments was conducted upon

caiiiils in eommereial servii-e. The results of th"se tests are eiidiodied in "Tlie

Flow of Water in Irri<ration Channels," Mwlletin N'o. 1!)4. C.S. Department of

Ajrrieulture, hy one of our Senior Frriiralion Knjrinecrs, Fred (', Scohcy. This

woi-k may be considered as followinjr the experiments made ahpti^ the same

lines l>y the writer more than twenty years aim, and deserihed in Water Supply
Taper No. 4;i, U.S. (ieolo<rieal Survey, entitled "Conveyance of Trriv'ation

Water in Clianin-ls, Flumes and I'ipes." The value of "n" in Kuiter's form-

ula, as listed hy Mr. Scohcy, confirm thost! recommended hy the writer in so

far as the types of channels are the same, hut the later work covers some
nmt^rials that were not in ireneral use in the late ei-rhtii's. For detailed infor-

maiion as to these values of "n" you are referred to the ahove puhlications,

hut in <rencral they are as follows:

No values of "X" less than 0.011 are su!,'irested for commercial construe-

tioi). In isolated eases smaller values have hceu found, hut we are of the opin-

ion that these values are. for the most part, .just those jyoints on the low side of

a ireneral curve such as are fotind in any ex|)crimental work or that the condi-

tions for exf)erinicntation were more nearly comi)aral)lc to those ohtaininjr in a

laboratory than to those foniul in commercial use.

\=0.011 for smooth steel fhimes under liest of conditions. Some <>xcep-

tioi,!ill\ liiprh "Trade concrete and wood-stave ])i|ie also show this low value.

\-O.Or2 to 0.01 (i for concrete lined chainn-ls and concrete flumes, the

value to vary aceordinsr to the conditions makinj; for smoothness; a <jroo<l de-

sij.'ii value for the averafie work to be about 0.014.

\- 0.01.1 to 0.016 for timl)er flumes; the lower values to hold for the best

lumber, ali<rnment and workmanship, and the upper values to be used for un-

surt'aceii lundicr, in crooked aliirninent s\d).iect to deposits of rock ravellitifrs

and frravel.

\ O.OK) to 0.()2'> for earth canals in materials r;in<rin;r from smooth (days,

without veiretable trrowth. up to old ditches in a fair state of tuaiidcnanee, the

accc|)ted valiH' for desiirnint.' moderately sized canals that will receive pretty

fair treatment beintr O.OL'"J.'), while small farm ditches are usually designed

with a value of 0.025,

X '0.027 to 0.0;'>2 for mountain cauiils with cobble stone bottoms.

\=(). ():',.") to 0.0.")0 for rock cut canals, dependin}? on the way the material

bi'caks.



.Muss, trc- riiiits, rofk ravfllinu'^, --iiii*!. i-ti'., all tond to makt; tli,^ vii; ^:

".N" ]\'nrh ami urr iliffii-ult to uiiticipatt! in (l(si>:ti. Imt where conditi.iii.s are

such that these rAardiiij; elements are to ho expei-teil, a (•or^e.^pon<^in^'lv• hiRh

value or"\" is to lie used: or hetti'r >lill. ti'-e a value of " N " as close as may
111. judu'i'd, l>\it desijrii for a lar<,'"' ovfrlnad as a t'aetor nf >afi'ty.

In eonneetioii with the measiireiiients of irri<.'ation and power canals, dn-

scrilied in bulletin N'o. 104 as mentioned ahove. it was necessary ii- make a

reat !Himlier of v'i"i!-'inf:s hy enrrent meter. As most earel'ul measurements

were desired, the meter was held in u frreat inimher of verticals and ifi many
points in each vertical. From the velocities at these tnimiTons points could be

de\cloped the vertical velocity curves for a ureat luimher of verticals acro.ss

the water section. The vertical velocity curve metho<l is conceded hy all

authorities to lie the most accurate means of opcratintr a current meter. In

the various vi'rticals the meter was held at .2— .4 .fi .^ etc. of the depth and
in many vertii-als. was also held near the surfaci' and near the hottom of the

channel. IIoldin<.' the meter at these particular points enahled a comparison

to lie made hetween the results as ohtaincd liy vertical velocity curves and the

results had an.v one of the so-calle<l i)oint methods heen used. The most com-
moirly used of the point methoils are the ''(l-tcrilh" fnethod and the eombina-

tioi of two points one taken at "J-tcnths ami the other at 8-tenths of the depth
cd' the water.

Simultam>onsly with, or immediately following the basic measurements

for the vertical velocity curves, the canal was measured by the so-called "in-

tev'iation method." in which the meter is moved slowly from the surface of

the water to the bottom of the channel and back, a definite number of round

trips. There is probably no type of enpineerin? measurements that has the

opinions of so many (pialified men on diametrically opposite sides rcfrardinfj

its accuracy. There appeared to-be ample prround for discountinjr the aeeur-

acv of this method for the reason that it is well known tliat the meter most

used in irri<ratioii and jiower rork will revolve if moved in a vertical direc-

tion in still water, and the results of such movement are mentioned in "The
Heliiviour of ("up Current Meti'rs I'lider Conditions Not Covered in the

Standard Ratinars," by Fred C. Scobey, published in Journal of Acrrieultural

Re--.enrch N'o. 2 (lOH^i. pajre 77. Our findin<rs in reprard to the use of the cur-

rent meter in the measurement of artificial channels may be summed up as

follows:

In Of) nicnsurcmcnts of the 0.2 and (l.S depth, or the two-point method,

pave results averapinp 0.73 of otic per cent hiph, while the 0.6 method averag-

ed 4.8 per cent biph. In TjH p-easurements the vertical intepration method
avei'aped 0.76 of one ])er cent too liiph. In other words t>ither the two-point

or the intepration method is quite accurate, while the 0.6 method pives a dis-

charpe aliout .") per cent too preat. This last result is confirmed by some of

the enpinecrs of the U.S. (leolopieal Survey. The results of these current

n. ter method c()mi)arisons are described in an article: "Experiments in the

I'si (d' Current ^Meters in Irripation Canals. ' by S. T. Harding, found in the

.Tounial of Apricultural Research for November 8, 1915.

Mr. E. J. Iloff, of this Bureau, has recently invented a cup meter, similar

to the type of the Price Meter, which does not revolve when moved up or down
in a body of still water. With such a meter the iidepration method may be

still more stronply recommended. As has been stated, the intepration method
when used with the old type of cnp meter gives results sufficiently accurate

7
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for ill! practical jiiirposcs. and the oasc with wliicl: a canal can he nii'asurcd
liy this nicthcMl is a stronj,' incentive to its use.

At tlie time of the current meter uhservations in tlu' canals, float measure-
nuMits were also taken in onlei' that <'oiiiparis()ns iiiifrht he iiuide hetween the
(piite accurat(> current meter method and the a|»proximate method of time
floats over a jriven reach of canal.

The floats were operated in th<' following.' manner. A fri'eat many small
sections id' jrreen wood wci-e prepai'cd by chopping' willow or similar hrush i-i-

to pieces aliout two incdics loni.'. (ireen wood is desirable as it sinks low in tlie

\\ater iieyond air I'esistance. Kifl\- or sixt\- of these wci-e dumped from a hat
into the swiftest part of the channel at th(> upper end of a measured reach of
canal; jrenerall\- the same leach as was used in com|)utin<,' the vahu! of "n"
for the major jmrt of the experiment. The float fii'st reaching the lower end
(d' the rea( h was assumed to have taken the maximum threads of velocity
tlir'U<.diont the reach, perhaps l.OOO feet lonir. .Many floats must he used
as !licy string' out over jx'rhaps 1*0 |)er cent of tht> course. When the fiiud
stniiy was made by .Mr. Ilardin-r he found that it was necessary to nudtiply the
velocity as found by the fastes t float by a factor ran^rinjr from .(iO for dihdies
havinj: the value of "n"" of about (!.():!( ) and a cross sectional area of two s(piare
feet up to a factor of .!tl for canals havinjr a value of "n" of 0.012 and 'i cross
sectional area of more than :!() scpiare fci't. Thus we see the co-efficieni to be
used varies with the size of the channel and also with the comlition of the
channel as reu'ards :;moothness. This infornndion is not particularly new,
beinv' analyzed in Ilerinjr iV: Trautwine's translation of the original date of
Ku'tcr and (Jansridllet. but somehow the standard works on liydrai, s have
advocated a ••o-cffieient oi' factor of .SO to 0.8:!. but it is se,n from the above
statenu'iit nt' variation that his method can he but an approximation at best.
and should only be accepted as such. Where tlii' factor of .80 is used it is

evident that the results are as liabh- to be from 20 to :!0 per cent in error as
to be I'ijrht.

The Measurement of Water in Pipes.

In order to determine the actual carryinu' capacity of wood stave |)ipe in
eonimercial service, an extended series of exjierimeids was coinlucted upon this
typ.' I,

f
pipe ranyintr in diaineter from S inches to i:JVL' t'<'''t. The records

obtauicd from tlicsi' experiments were then analysed tofrether with all other
ti's)., upon wood pipes anil as the condiined results wer<' at variance with form-
ulas at that time accept. -d for the flow of water iti that t\pe of |)ipe. a lU'w
formula was developi'd tliat did. as near as miLdit be. fit all the cxperiiiu'iital
data. The result of this study v is then submitted tc, several hydraidicians
whose work iimdified them to criticise it. and their discussions added to the
ori-inal manuscript and the wind.' jiiddislied as Bulletin :'u() of the I'.S. I)e-
parttneiit cd' Airriculture. The Fl,,w id' Water in Wood-Stave l'i|)e."" bv Fred
<'. .^eobey. The f<u-mnla offered in this paper has been acc-epted for desitrilill':
purposes by thr {'.s. Kerjamalion Service, many of ihe pipe mainifacturers in
the I nited States, and b\ the ene-ineers jiciierally throu^rhout the coinilry.

.\ similar series of experiments was conducled for two years upon the
various kinds of concrete pipits and a bulletin has beiMi prepared for publica-
tion, but it is not yet availaiih' in pamphlet form. However, the elen'eids of
the results for an.\ iiarticular kind of pipe may be obtained upon application
to Irriiralinii Division. l!urcaii of I'lddic Uoads. Federal IJIde-.. I'.erkeiev, Tali-
foriiia r.S..\.



ill (((uiicction Avitli the oxporiments upon tin- carrviii'r capacities of wood-
sta\e and concrete pipes, it was found that some method must be found of
niciisuriii}.' ihe diseharpfe witliin the pipe witliout installing a Venturi or other
set type of water meter. A "gun" was dcvidopcd with Avhich solutions of
l)owerful colors could he injected into the pipe afrainst the i)ressure existing
within the pii)e. The passa<re of the color was timed as fro7ii the moment of
injction to hoth the first appearance and the last appearance of the color at
some outlet. Due to the variation of tin- velocities in concentric rinjrs witliin
the i>ipc, the color does not hold tofjcther as one mass, hut it is distributed
throu<rh a leiifrth of the pipe eipial to ahout 10 per cent of the lenj:th over
which the color has passed. The elapsed time used in comi)ntin<r the mean
velocity of the water within the i)i|)e is take? " >m the moment of injection to
tlie mean between the moment of first and liie moment of last ap|)earance of
the I'olor. P'rom comparisons with weirs and current nn'ter measurements, it

is believed that tiiis method is accurate within about :> per cent. The injection
of colorinj.' matter determines the vcloi-ity. In onb'r to determine tlie dis-
chai'fre of the ])ipe, it is of course, necessary to nudtiply tlie mean velocity in
feet per second, as found, by the mean cross-sectional area of the pipe* in
s(|U<ire feet. The result will prive the discharge in cubic feet ]>er second.

'

Of
the possilile colors tliat may be used, the foliowiu}.' are probably the best,
named in descendinfr order: Fluorescein, (*on<ro Red and Permanfranate of
rotassium. Fluores.-ein is very difficult to obtain at the present tinie and is

pra(;ti<'ally proliibitive in lU'ice wlieu found, but the Congo lied is still obtain-
able at I'casoiiable rates.

Details of the c(piii)ment used and the results obtained bv this method
are found in Jiulletin :i7fi of the Department of Agriculture, bv Fred (

'. Scobey.
Jt is entitled "The Flow of Water in Wood-Stave I'ipes."

Weir Measurements.

The weir is the most common device for the measurement of water applied
by irrigators to fields and farms throughout the west. In its simplest form it

(•on^ists of a bulkhead or wall built across the channel of the stream to be
measured, with an oi)ening or weir-notch cut in th(> top of the wall. The en-
larged channel immediately upstream from the bulkliead is called the weir
l)ond and the height of the surface of the water in the pond above the bottom
or c'rest of the notch is called the "head."' Wheu the water flows over the
ci'cst into the air before it strikes the surface of the water in the channel be-
low the weir it is said to have a "free tall" and when this overpouring volume
of wate)' touches only the sharp upstream I'dge of the crest, thi'. weir is said
to be "sharp-creste(l."'

The basic experiments with weirs were first made l,y James U. Francis
at llolyoke. .Mass., from ]S4S to IS.VJ. ;Mr. Francis" purpose was to devise a
simple metei- which would measure I'l^latively large flows of water used to
generate hydraulic power for manufacturing plants. His device has liecoiiie
(|uite giMieral and is frec|uently applied to condificuis other than those prescrib-
ed li\- him to ensure accurate measui'ements.

In oi'der to test the accuracy of the Francis formula as applied to tlie
smaUer weirs used in irrigation practice and for the nuu-e general purpose of
de\ising better methods of measuring irrigation water, our bureau in co-oiier-
atioij with the State of Colorado, constructed in !!»!:! and l!ti:{ a hydraulic
labor-atory in connection with the Agricultural College and Experiment Sta-
tion at F(U-t Collins, Colorado.
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This plant oonsisteil in a circular storage reservoir, lined with concrete, a

hriek laboratory, a series of carefully calibrated receiviuf; reservoirs, i cctauir-

ular in form, a i>umi)ing plant and the necessary apparatus. The work from
its inception was placed under one of our hydraulic engineers—V. M. Coue.

ilr. (.'one was provided with the best apparatus obtainable, the water used in

the tests was measured volumetrically in the most painstaking and accurate

manner, and the results obtained nuiy be regarded as basic and beyond ques-

tion. Mr. Cone also ilevised and installed near the site of the laboratory, an

up-to-date station for the rating and testing of current meters. This has

l)roved a valuable adjunct to the equipment of the institution at Fort Collins,

in that current meters used within the State of Colorado can be perio<!ieally

tested, and if in error, re-rated at this station.

Referring once more to the subject of weirs, Mr. Cone and his assistant,

Mr. U. ]j. Parshall, found among other things that the weir tables in general

use, derivcil mainly from Faucis' formula, contained a fairly high pererntag"'

of error when applied to small weirs under high heads. The errors varied

from one to four per cent for low heads and from five to twelve per cent for

high heads. These errors were corrected in a new formula which, though

eomplieated, gave average results within 0.128 per cent of the experimental

data. Weir tables for the smaller weirs used in irrigation practice having from

one foot to four foot crests have been prepared from the new formula, and

may be secured by writing to the l". S. Department of Agriculture for Farm-

ers Bulletin 813 on the "Construction and Use of Farmers' Weirs," by V. M.

Cone.

About the year 1885 an Italian engineer devised a trapezodial weir in

which the sides of the notch sloped at an angle of 4 vertical to one horizontal.

This was based on Francis' weir and the i)urpose of sloping the sides was to

eliniinate automatically the correction f(»r end centractions necessary with the

rectangular form of weir. In other words, he attemptetl to design a weir the

discharge through which would be proportional to the length of the crest.

Our Bureau has been instrumental in popularizing this trapezodial or Cipolletti

Weir, as it is called, in the belief that it accomplished the purpose for which
it was designed.

This belief has been demonstrated to be erroneous by hundreds of care-

fully conducted tests ^' the Fort Collins laboratory. It has been found that

Cipolletti notches do not give discharges proportional to the length of the

crests. The tests showed that for the smaller weirs from 1 to 4 feet in length

the rectangular notches give discharges more nearly proportional to their

lengths than do Cipollelti notches. The errors increase with the head and
length of crest. The discharge through a four-foot Cipolletti notch with a

1-foot head, for example, was !J.2 per cent less than four times the flow through
a Ifoot notch with a 1-foot head. In the case of the rectangular notch it was
four per cent greater.

These defects in the trapezodial or Cipolletti weir togetlier with its more
complex form lias led this Bureau to recommend the use of the rectangular
weir instead. Those who care to look into this nuitter further will find a tech-

nical discussimi given in vohune \', \o. 'S.'>. of the .lournal of .\grieidtural

Itesearch, Dept. of Agriculture, Washiiigloii, D.C.

90° Triangular-Notch Weirs.

This form of weir is one of the best to measure small discdiarges of water
of one-half second-foot or less. It can also be used for the larger discharges
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ip to spvefal !,t>c()ii(l I'tH't, l)Ut tlie fall rccniired is "ireater than for rcctaiifrular

iiotehes of etjual capacity. 98 tests were conducted at Fort Collins, Colorado,

on this type of weir, and the results are reported in Xo. 23, Vol. V, Journal of

Apiicultural Research; also in Farmers' Bulletin 813.

Recording Devices.

As has been stated, the flow of streams, artificial cliannels and other con-

duits fluctuate often between wide limits. The methods of measurement pre-

viously referred to give the discharge at the time the measurement is takeu.

in order to determine the quantity of water passing a given point for a p'sriod

of time, as a day or a week, it is necessary vO supplement the usual measurement
by some recording instrument whose record will enable the observi-r to com-
pute the flow between the interval of his actual measurements. More than a

([uniter of a century ago there were no reliable water registers made in this

couiitry. The first used by the writer was imported from Richard Bros., of

I'aiis, France. Now there is a large variety of automatic water registers made
iiy .Amei'ican firms. Tluse devices either nmke a continuous record upon a
chait revolving by clock work, or they possess a numbering apparatus similar

to the dial on the ordinary house water meter, and this apparatus is operated
by the velocity of the water. As a ri.le the first mentioned give the fluctua-
tion of the water surface from which the flow is computed, while the second
tyi)e of device gives the total flow in acre feet or cubic feet since the meter
was installed in a manner similar to that of the ordinary house meter. This
Division is now using principally the Gurley and Leitz registers for canals,
each of which costs in the neighborhood of .'f.'G.'i.OO, and the Stevens' register
for irtreanis.

^
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