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FOR E\f.'0. :=\ D 

The studies described in this report we!8 made during the 
period of March 1950 to January 1951 partially in the Hydraulics 
Laboratories of Colorado A & M College, Fort Collins, Colorado 
and partially in the Hydraulics Laboratory of the United States 
Bureau of Reclamation, Federal Center, Denver, Colorado. The 
calibration of the 48-in. and 18-in. metergates was authorized 
by a contract between the Colorado Agricultural Research Foun
dation of Colorado A & I-I College, through the Civil Engineering 
Section of the Experiment Station and the Armco Drainage and 
Metal Products, Inc., Hardesty Division of Denver, Colorado. 

Mr. Ralph N. Tracy, I1r. H ... M., Chadwick a.nd Mr. Lo.nee 
Hansen, engineers for Armco Drainage and Me cal Products, Ino. 
inspected the installations of the metergates both before and 
during testing and discussed the results with Colorado A & M 
Laboratory staff members. Throughout the entire installing and 
calibrating of the metergates, consultations with and inspections 
by Hr. Tracy were maintained. 

Mr. George E. Shafer, dhief Engineer, Armco Drainage and 
Metal Products, Inca, reviewed the preliminary report and made 
valuable suggestions toward producing a complete final calibra
tion report. 

Mr. James W. Ball and Mr. Joe B• Summers, Research and 
Geology Division, U• S• Bureau of Declamation, Denver, Colorado, 
provided calibration data for the 12•in• and 8-irit metergates 
and were very cooperative in the assembly and analysis of the 
calibration data and in providing information for the report. 

Laboratory staff ent;ineers who contributed to the calibra
tion studies were Mr. James R. Barton, who assisted in installing 
and testing the 48-in. and 18-in. mctergates, and Mr. Chong H. 
Zee, who assisted in testins and assembly of the data for the 
preliminary and final reports. 

Tho installing and testing of the 48-in. and 18-in. meter
gates, the assembly of thG Colorado A & M College and U. S. 
Bureau of Reclamation calibration data, and tho writing, of the 
preliminary and final reports was directed by Prof. Sol D. 
Resnick under the general supervision of Prof. Maurice L. 
Albertson. 

Prof. Thomas H. Evans is Dean of Engineering and Chairman 
of th0 Engineering Division of tho Experiment Station, and 
Prof. Dean F. Peterson is Chief of the Civil Engineering Section 
of the Experiment Station. 



Chapter II 

INTRODUCTION 

The Armco Metergate Model No. 101 is highly suitable 
as a control and standard rre asuring device when the calibra
tion r.Ui.~ves are based on accurate experimental data and the 
fina~ Rccu.racy desired is not greater than that permitted by 
the ncrmal variation in gate castings and settings .• 

Previous experimental calibrations of the Armco Meter-. 
gate Model No., 101 were made by the Fresno Irrigation District 
in 1928, tests beine; made on the 8-.in., 10-in~, 12-in •. , 14~in.,, 
16~in., 18-in., 20-in•, and 24win~ gates, with data for the 
other size gates being obtained by interpolation and extra-. 
p:.:ilationo 

The Problem 

Recently the manufacturers of the gate decided to cali
brate the largest gate (48-in~) to eliminate the extrapolation 
and to recalibrate the smaller sizes at the same time. There
fore, the Armco Drainage and Metal Products, Inc., Hardesty 
Division, Denver, Colorado, engaged the Colorado Agricultur•' 
al Research Foundation of Colorado A & M College in March 
1950 to calibrate the 18•in. and 48-.in, gates, Data obt~ined 
from the tests made by the College and experimental calibra
tion data provided by the United States Bureau of Reclamation 
for the 8·-in,. and 12•in-. gates, was analysed and used as the 
basis for a report presenting calibration curves far the 8-in., 
10-in~, 12-in•j 14~in, 1 15-inl, 16~in., 18~in&, 20-in•• 21-in., 
24-in.j JO~in., 36~in~, 42-in•, and 48~in~ gates• 

In order to facilitate testing procedure and to inter• 
palate correctly to obtain discharge data far gates not 
tested, a complete theoretical analysis of the problem is 
essential& 

Theoretical Analysis 

The quantity of flaw through an Armco Metergate is a 
function of the boundary geometry, the properties of the fluid, 
and the flow. 
boundary 

The definition drawing gives the 
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Int .c•o d:u ct ion Theoretical Analysis 

cl.:i..mensions h, a, :c. 1 ru1d D which affect the problem while 
the important fluid properties are the density p and the 
Jynamic viscosity µ., • The flow is described by the differ
e:ri_ce ir. p:rossure op upstream and downstream from the gate' 
lf t~w sL( '7ariables h, a, x, D, p , andµ are held constant, 
«. gi"."8L differ0nce in well readings 4p should indicate a given 
r1.isci1nPz8,, The general function may be represented as 

'-f (h, a, x, D,p ,p. 1AP, V) = 0 (1) 

'lire foregoint:: variables may be rearranged through 
dimensional analysis into a group of dimensionless para
meters to fji ve the following equation: 

¢,(h/a, a/D, x/D, -h
2
l , Re)= 0 (2) 

v 2g 

Jrc these equations, V is the mean velocity in the outlet 
pipe, ~ h .. is· the difference in head in the stilling wells 9 
and Re is the Reynolds number VD • 

v 
Eqs 2 may be rearranged to givo 

A.h.._.;; ¢
2 

(h/a, a/D, x/D, Re) 
v212g 

V =93 (h/a, a/D, x/D, Re) -'l2g4,.h 

( 3) 

( 4) 

By letting the term within the brackets equal the discharge 
coefficient c,·., the resulting equation is easily recognized 
as the equation for flow through an orifice. 

v 1:: d " 2gah 

To compute Q 1 the continuity equation is used so that 

Q t:: AV t::: AC 1/ 2gAh 

where C ~ ~3 (h/a; a/:b; x/D, Re) 

If x/D is held constant, 

C = ¢4 (h/a, a/D, Re) 

The final equation for determining Q in terms of Ah, 
therefore, is Eq, 6·, 

(5) 

( 6) 

( 7) 

t 8) 

The equipment and procedure used for evaluating the 
foregoing £'unctions are presented in the following chapter. 

- 2 -



Chapter II 

EQUIP:MENT AND PROCEDURE FOR TESTING 

-'· :':'CLu.lities of the laboratories selected for cali-
hr2t~_1'.l.6 t::-1e fl.r.,1r~n Metergate Model No. 101 included all of 
+-11(~".le ;1.e?0f'sa-ry fer complete testing and analysis. The 48-ino 
[;b.t:; -;ras tcs ted at the Bell vue Laboratory, Colorado A & M 
College~ whore the large flows provided by the Cache la 
1-'oudre Ei ' 7ur w0ro available• The 18-in, gate was tested in 
the 1Iycrau1: cs Li'licratory, Colorado A & M College,. while the 
d-inu snd 12-in~ cates were tested in the Hydraulics Labo~a
t.cry nf t~1:; U ~ iS" Bureau of Re clama ti on, Denver, Coloradoo 

1:§.:.!.12'-' tietorga~ 

'l'b.e calibration tests on the L1.8-in. Armco Metergate wore 
c~cne hy s t8.ff members of the Colorado A & M College... The 
:Installation for testing was located o.t tho Bellvue Labora
tory which is situated on the Cache la Poudre River about 
eight miles northwest of tho C·)lleg0 campus •. Figs., 1,. 2, 3, 
and 4 illus tro.te the oxporirn.cn tal f acili ties used in the 
testing. Du.ring the spring runoff when the river is high, 
di versions of 100 cfs or more can be run through th0 lL~-ft. 
wide concrete flume, but as the rivor recedes, the flow 
that can be diverted decreases. Tests on the high flows 
through tho gate wore run in late Juno when tho maximum dits
charge was limited by experimontal set-up to about 63 cfs. 

Measurement £.£ tho discharge:- All discharges were 
measured by a 15-ft rectangular sh:rrp·-crested weir at the 
end of the flume. The weir was cal.Lbrated at high flows by 
carefully performed current meter tests, whilo for discharges 
below 17 cfs the largo weir was rated by use of a small 4-ft 
weir which had previously been calibrated volumetrically in 
the hydraulics laboratory on the campus. Thfl tests f'.::'Y' 

small discharges were made by Mr Carl Rohwer and-Mr. Ralph 
Parshall. 

The current meter measurements were made with a Price 
Current Motor which was rated in May 1950•' A total of three 
measurements were made for discharges of approximately 
60 cfs, 50 cfs, and 40 cfs. Measurements were made at o.8 
depth and 0.2 dopth in each vertical section and vertical 
sections wore taken every two feet across the 14-ft rectangu
lar flume. Tho velocity across each section was fairly uni
form. In determining the velocity at a point, sufficient 
time was taken so thRt minor variations resulting from 
turbulonco were assumed to be averaged. Several measure-
monts were repeated at each point to make sure that tho ' 
independent measurements would check each other.. In most 

.. 3 -



Equipment and Procodure for Testing 48-in. Metorgato 

caces the individual measurements choe!kod within ono per
csnt o J:'r,_o current meter moasuromonts invariably fell with
in c,ne :Jcrc.3nt of tho valuo determined by applying the 
F:..•e.1.e-1.s :;'.c·Ln"J.~2. to tho l.S-ft weir. In fact, the calibration 

c;1°chJ. u;<o ""' nc ~g - f;:,:;l: [( H + \,) 312 :." hv 312 ] 

so closniy t~.1a~= a r~~ting tablo based on this formula was 
u.sed f Or' tJ. l dis ch::i.rges above 20 cfs. For flows loss than 
20 cfs t~u rating table prepared by Parshall and Rohwer was 
U3ed. 

:Mo'l.suroment of tho wator surface elevations:- The wo.tor
su1·f'EcCO"o-levo.tionswore measured at throe points whore the 
fl.ow wac 0s son tially uniform. Each well was equipped with 
0 :Liory ~look ,)J..ge for dotermining tho watcr...:surfaco elevations, 
fJo of these wolls, Nos• 1 and 2 1 woro installed about 10 ft 
upstream from tho weir, one on each side of the flume for 
d.o·~ermining tho head of tho weir• By tho use of a surveyor's 
le·\'el, tho zoro of oach gage was found using tho crest of tho 
weir as a reforonco datum* Well No., 6, installed about 16 ft 
upstream from tho rre torgato in the flume was reforoncod to 
tho bottom invert of tho gato by using tho surveyorts level.-

For high flows tho maximum and minimum water-surface 
elevations in oach well wore road about four to six times 
during a run6 Maximum and minimum wa to1'-sUrface olova tions 
woro determined by observing tho water surf8.co and following 
it with the hook gage so that when a maximum was roached the 
roading was recorded~ The hook gage point was then made to 
follow tho surface until a minimum was attained• This pro
cedure was repoa ted four to six times during a run·• For tho 
low discharges tho water-surface olovation was essentially 
const~t; and only single readings wore recorded about four 
to ton times during oach run. When small variations were 
noticed; it was necessary to use more independent readings 
so that tho average of tho total number of rcadinss approached 
tho truo avo~ago• 

li_°-_aS1:J:!_O,~le~-~ _of ~h() E_~Q_~orr~~-tE.1-~- ~1..~ds: - Tho thrco wells 
which measured tho -.Jiezomotric hoo.ds w0ro located in zones of 
acceleration or in separation zones so that tho water-surface 
elevation in tho well roprcsontod a piozometric hoad and not 
an actual water surface.. Sincc tho watoP surface in a w0ll 
flue tw1tocl qui to rapidly and s one tir10 s vario cl over a range 
of one t<;nth of .'l foot 9 rr10rc; readings w·::.:ro required to approach 
tho corrcct o.vcraso value• For high flows, as in tho caso of 
water-surface clcv::i.tion determinations, tho maximum and minimum 
elevations irroro ;:noa~mrcd for o.:tJproximatoly four tc> six cycles 

- 4 -



:r~quipment and Procedure for Testing ]f8-in. Mctorgate 

or wa~or surface fluctuation~ Tho average values of tho maxi
"'11rn: a:c1d r;1L:11.°n1-~rn 1_~-< a well wore avoragod in -Gurn to gi vo the 
l·' M'.l F<ctJ~'"·sFrfaco elevation to bo used in the calculations" 

·J,,,~ ..... '·'"'' + .. l,y ..,, -:J•1 t·c r:'f"'I sJ"m,11+-an·"'oll" ""O"Cll'ncr 0 T-ror·~ taken at each . ·.··.' .L,11.· . .J.....J.. .• ...-.~i.1 L\....... >) ;:JJ _ / _.._, ·-0 .. I. • ..:-~ l°'.:,)U V' 1 .~ C: 

r< t:10 "':L:,"n.; hGlls and tho wc,to:t' surfaco 3levations woro calcu-
'.u t:od so t'i:.:~+- one indicated the heo.ci at a point just upstream 
·~1·cm tho e,1\~·.0 ance to tho pipe, 0110 at a point on the pipe 12 in .. 
from tho e:it:::i'ance, and the other at a point of x/D: 2/3 or 2,67 
ft. downst.J.'' C.P1 from the entrance. ThJ well at x/D = 2/3 was an 
oxperimenta:. cne whilo the one at 12 in. was tho. well actually 
usod in the c~libration of the gate~ 

It is bolievod that sufficient car-o was taken in tho reading 
Jf' tho fluctuating water surfaces to assure a high degree of 
~~curacy in the values of piozometric head dotorminod. 

_:L§.·:in, Moterga to 

':C'hn calibration tests on tho 18-in. Armco Motargate wore 
.l:1 so made by staff members of the Colorado A & M Collage. The 
ir::;t-:.,:i_Jat.ion for testing was located at the Hydraulics Laboratory, 
c~~cradu A & M College. Fig. 5 illustrates tho experimental 
fQc.ilities used in the testing. Flows up to 8 cfs wore provided 
~y a 20 horsepower propeller-type pump through a 14-in. pipe. 

Meas12-l'omont of tho Discharge:- All discharges were measured 
by a lOi-in. orifice plate which had boon carefully calibrated 
in place several months prior to testing. Tho orifice calibra
tion which was under tho direct supervision of Dr. Maurice L. 
Albertson, utilized largo volumetric tanks located below the 
floor level of the laboratory. This calibration duplicated the 
results to within one percent qf a previous calibration conducted 
by Mr. Carl Rohwer and Mr. ?1axwell Parshall in 1942. Tho range 
of calibration was from 1 cfs to B cfs, which included all the 
flows utilized in testing tho 18-in. metorgato hence none of the 
required metergate calibration data was based on extrapolated 
flow values. 

Moasuromont of tho piozometri~ heads:- The piezometric head 
difference, which indicated tho flow through tho orifice meter, 
was obtained by an average of 4 to 10 independent readings, the 
number depending on tho amount of fluctuation, taken during each 
run with a water manometer. 

, Two wells were used to meas\J.ro the piezomotric head dif~ 
ferenco across tho metorgato opening. One well measured the 
head at a point just upstream from the entrance to the pipe and 
tho other well measur•ed the head at a point on the pipe 12-in. 
from tho entrance. Sinco x/D = 2/3 is identical with x .r 12 ·in. 
for the 18-in. motorgato, the latter well was identical with 
the third experimental well, sot in each case to measure tho 

-5-



i~~quipment and Procedure for Tosting 12-in. nnd 8-in. Motorgatc 

~)iozcnetric ~1ead 'lt x/D = 2/3, usod on tho other sizes of 
m0~0rga~~ t03tode By ~ho uso of '1. s~rvoyor's level, the zero 
of' cE'.-c·-~ C"_Lcf!,l TrLs 1'0und nsing tho bottoY"J. :'.EV'nd· of the gate as 
a 1'f~1 c ·"'-:. c: ~~ l''- t.1-.m. 

Flout indicators, which h0lp0rl to damp the fluctuations, 
AG~"o usod in tho two wells for do ccr1~0ining the water-surface 
olovationsG For each test 20 to l~O readings, tho number 
depending c·-1 l-.he amount of flue tua U. cn 1 woro taken simul tan
oously at G3.cll well. Tho readings wore spaced approximately 
two seconds apart~ 

12-in~ and 8-in. Motergates 

Tho calibration tests on the 12-in. and 8-in. Armco Motor
g:atos wore supervised by Mr. James w. Ball and conducted by 
1·:."'o Joo B. Summers, Research and Geology Division, u. s. Bureau 
_::,_( nee lama ti on. Tho installation for testing was located at 
tn:: Eyd--:>aulics Laboratory, which is under the direction of 
\1.,,.." Ear..:ild M. Martin, U. S. Bureau of Reclamation, Federal Cen
t'J.' ~ :Ocnvor, Colorado. Fig .• 6 illustrates tho experimental 
Lw:::..litLcJs used in tho testing. Flows from 0.34 cfs to 7.27 cfs 
N0rc pi-•ovided by tho laboratory pumping system. 

Hep.suroment of tho Dischars;o :- The discharges wore mea
sured by 4 banks of calibrated Venturi motors, 4-in., 8-in., 
10-in., and 12-in., located in the feeder lino to tho head box• 
Tho sizo of Venturi motor used was determined by the quantity 
of flow desired. 

Moasuremont of tho piozometri_£ heads:- Tho piozometric 
head differences across the motergato openings wore measured by 
piezomoters in most cases, 10-in. wells being used occasionally 
f'or comparison purposes.. While piezomotcrs were tapped into 
the top of tho pipe at many points, for both the 8-in. and 12-in. 
gatos, one piozomotor in i;;ach case indicated tho hoad just up
stream from tho entrance to tho pipe, one indicated the head at 
a point on tho pipe 12~in. from tho entrance, and a third experi
mental piozometor indicated tho piozomotric head at a point on 
tho pipe of x/D = 2/3, or o.667 ft. in tho case of the 12-in. 
gate or 0.44-4 ft. in tho case of tho 8-in. gate. downstream from 
tho entrance. Fig. 6 shows a partial detail of tho location of 
piozomoter taps in the 8·ini installation. 

Tho piozomctcrs wero connected to a central manometer bank 
which was scaled to 0.01 ft, of w'ator; readings to the closest 
0.005 ft. woro easily ostimatodJ Sinco fluctuations in the 
piozomotors i:.-J<Jro dnnipod to a laf'igo extent bf! carborundum disks 
sot irt tho loads to tho barik, approximatoly ton readings of 
oach piozomctor wore considered sufficient to givo an abcuratc 
test avorago. 

- 6 ... 



Chapter rr::: 

PRESENTATlON 0F DATA 

·r,,,_,, s<::,6ri•w;nt.al clata, cee Tnbles 1, 2, 3, and 4, were 
~Gdlin~~ ~J ~tular form by graphical ~rocesses explained and 
~_J.Jus1:;1•[ -~,,,1 . r1 the following discussion. The graphs were made 
)n logari c'1n1'.c scales to provide a pr3.ctical means of plott:2.ng 
~JH:: data -w_r .:h cover a wide rangs cf VB.::_ues; furthermore, as sho~Jr, 
o;.r Eq. 6, l ~ -vas anticipated that ·;_,}13 locus of experimental poinc:-: 
plotted in ~11~s ma~ner would clos0ly a)proximate a straight line4 

The p.10-Cting of the experimental data for the 48-in., 18-in., 
12-in., and '3·-i:'l" gates as discharge versus difference in h0ad 
.;:~or various g2te openings resulted in plots which were straight 
_._:1-nes for relatively high values of Ah but which deviated from 
r;ij_e straight line for the lower values of.,6h, for example, see 
~~~. 7. Since it was necessary to interpolate for the inter-
" ;fliate gat0 openings and gate sizes to complete tho tables, it 
· r1tc d;s:i_ra1Jle to study the data to learn the causes of the devia
:~1.cn J.11;, the points of dovia ti on. Therefore, (as suggGsted by 
;l G mn:~-Y'3is in Chapter II) plots wero made of the discharge 
,;u_-,f~'j_ ·_cnt C versus tho relative head on tho gate h/a with 
~:l.r: I't' ~-"''ti ve ga to opening a/D as the third variable, see Fig. 8. 
r;Lc. I'J..Lf'tive location of the downstream well was kept at a con
Jtt:,nt valu0 of x/D = 2/3. After car0ful examination of tho 
data, it WQS concluded that for the 48-in., 18-in., 12-in., and 
J-in. gates thsro was no consistent affect on variation of C 
oocauso of variati0n in h/a. Plotsrof C versur:i Ra with a/D 
as the thi:i:•d v0i:·iable and x/D constant at 2/3 were made next 
for the 48 ·..L"l. J 18-in.' 12-in.' and s .. in. gates and the cause 
for the deviation at low discharges became apparent at once• 
With small head differences and corresponding relatively low 
values of Re, the discharge coefficient C increased as Re 
decreased for all gate openings for the 48-in4 gate; increased 
for all but full gate openings, where C stayed constant for 
tho 18-in. gate; increased for all gate openings below a/D = 0.9 
whore C stayed constant and thon decreased for larger gate 
openings for the 12-in. gate; and C increased for all gate 
openings below a/D = 0•75 where C stayed constant and then 
docroasod for larger gate openings for the 8-in. gate. 

Since hoad difforonces for the well at x = 12-in. correlate 
well with head differences for x/D = 2/3, it was decided to 
plot C versus Ro with A/D as tho third variable based on 
head difforonces using tho well at x = 12.in. Correlations 
between tho L~B-in. ·' 18 ... iri., 12-in., and 8•in~ gates were con-
s is tent with varying a/D vahws; 

From the above graphs a plot was mado of C v0rsus a/D 
for high values of Ro, for constant Cj and with gate size 
as the third variable, soe Fig. 9. A second plot for high values 

- 7 -



Pr,os0:r.~2t.i.on of Data 

uf' 'RG W'l:J n12rl-J for C Ju1·sus ;;rto ~~ize with a/D as tho third 
vcriablo .. ~hi:3 r:Lct ·r1cJ.2 u~iJiz'3ec tu -tdjust tho curves in Fig. 9. 
'.T1Lo adjus~cc; 1_l C'Xl'·,-0c:, .i11ich were uccd cc obtain tho constant 
cocff ic :J 011 +;:3 r:: f u5 .s Gi-i<J.r e:,o C fur metnr gate sizes not tos ted, 
:'.:'ittod t~J.o l1.;:pe:.•i11:on-+~al dqtn. CXG'']Jt fn1· ::;, few co.sos whore tho 
o.djustocl ~J.T'\8 va~.uo3 doviatec s:i_i[ht~-:v· from. tho 8.verago tosL. 
do.ta" 

To ob·c1...~ :. t~1c final plots ::e•r:1 .v-~1~ ch tabular values couJ d 
bu com-·"Jutod, ,~ 1rns plotted at:,J.lLst :?{O with a/D as the 
third varin.b].o, for tho 48-in., 18-·i.:.1.;; 12-in., and 8-in. mutor
gates, Fig3. 10, 18, 21, and 23. Poin~s of constant C with 
minimum Ro -;,_rere connected as shown by broken lines in Figs. 10, 
17, 21 and 23,.. From Fig. 9, C values were obtained and plotted 
on Figs. 10, 17, 21 and 23 for intormodiatu gate openings not 
t;ustod. rh0 rumaining portion of ouch curve (low Ro) was inter
:'ola ted botwe;on tho cali bra tod curves. Figs. 11, 12, 13, 14, 
~5, 16, 18, 19, 2) and 22 are final C versus Ro plots 
obtained for th0 42-in., 36-in., 30-in., 24-in.; 21-in., 20~in., 
i.6-in., 15-in., 14-in., and 10-in. motorgatos (which wcro not 
tested) by a series of intorpolati9ns: constant C ~aluos were 
obto.incd by interpolating between tho adjusted calibrated curves 
.'.:'or t>c 48-in., 18-in., 12-in., and 8-in. motorga-+:cs as shown 
..Lll Fig. 9; loci of constant C with minimum :r~o wcro obtained 
by interpolating ~ctwoon similar curvos based on ~est .data in 
Figs. 10, 17 .• 21 and 23; and tho remaining portJ.on of each 
0urvo (low Re) ~ns easily obtained by interpolating between 
tho portion::; (l0w Ro) of tho calibratod curves whoso slopes 
~ere fo~nd t0 vary uniformly between gate sizes and gate openings. 

In order to provide a diroct solution for obtaining tabular 
v~i.1-i;.os r'rom the final plots, a third grid system, which was 
1J~1..~0d on tho dimonsionloss DO.ramctor, D2.Ahg/v 2, obtained by 
rcnrranging tho variables in Eq. 1 through dimensional analysis, 
wa.:J added. In general, to find tho discho.rge Q for a given 
hc,ad difforonco 6...h, for a given size m0torgate, and a given 
g.'.lto on ... ming, tho following procedure can be utilized; solve 
ti1c dimonsi onlo s s parameter . n2Ab.g/u 2 by subs ti tu ting tho . 
pipe dioxr1otcr in ft. for D; tho given head difference in ft. for 
Ah; 32.2 fti p

5
or soc. por soc~ for accoloration of gravity g; 

and 1. 21.. x io- sq. ft, por soc., based on a tompo ra ture of 
60°F soloctod c:.s tho avorago condition for tho United States, 
for kinono. tic viscosity v • With .this vo.luo for n2 .6.hg/v 2, 
ontor tho figur0 wh:.i..ch applies for tho given gato size, and fol
low down tho prop:.;r sloping line to tho loft until tho curve 
rcprL;sont:ing tho given go.to oponing is intorsoctod. Finally, 
drop vo::0 t:lcally duw:i from this point, to road tho value of 
Roynol d.3 rrc:.inbcr ;tu fr om which o i tho r V or Q may be com-
pu tod by t~--: :o follmnns oquo. ti ons: 

- 8 -



Re ~ ... 

~T .u 
·v 

L. .,,. 
,\ 

_Cl_ 
-VD 

= le 052xl8s' Q 
D 

F'ron:. Pig. 10, utilizing the c>.bovo mo thod of compu to.tion, 
'l\:.,bl.; 5, D:i.s cho.rg0 Datn for 48-in. Armco ~fotorgo.tc was tabulntod. 
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DISCUS3!0N OW RE3U~TS 

f}.t-hm:t;i' J~ 1 ~" 13 ~..:icJudec1 n'3JY'Cli~3. fo.l"'luer Re, it was believed. 
c.t ':;he o~nset r;1L2.t· c~1.e influen..?.e of r:Ce r•elative head on the gate 
h/a was gre&tG~ t~~n the influsLcs 01 Re and therefore the 
fi:>:>st anal;y LL c H µ L-J·c made, Fig. 8., \'•;t-.E of discharge coefficient 
C vsrsus r /a -;;i t:1 the re la ti ve gB. ::;e opening a/D as the thi:'..'d 
variable , ho•.vever s close examina tiou revealed a scattering of 
the points 8. t; 10w cHscharges demons tr a ting that so me variable 
ether than :C/a was of paramount importance. Fig. 52 of Ele
llientary Mechanics of Fluids, by Hunter Rouse, substantiates the 
icregoing conclusion in that the correspondingly smallest head 
or the or:fi'.;e results in a deviation of 1~·0% from the constant 
G 01:' 0 ~· /)l ,". 

The second analytical plot, C versus Re with a/D as 
th0 'chird variable, resulted in no appreciable scatter of the 
data and yielded consistent trends demonstrating that Re was 
an ).mpcr>t3.nt variable. This was substantiated by t~J.e fact that 
te3+; c.ata followed the same trend in spite of vs.rying the rela
tivo hoad h/a on the gate for successive test::.::" :B1 igs. 10, 
l 7, 21 nncl 23 show these consistent gradual trencis of C as 
Re decronses fGr all gate openings for the 48-in.~ 18-in., 
12-in~, a~d 9-i~~ motergate, the slopes varying consistently in 
all caso.s, Tho Reynolds number effect is due to the extent ,,f 
C'_;VnJ.oprwmt. oi' the laminar sublayer at the entrance which in turn 
:lnn.uencos tho separation point and the size and character of the 
Esp·:i.rution zone downstream. The Reynolds number effect will vary 
wi L1 gat 1 ) size having the greatest effect on the smaller size 
ga-':;,;q!' since, while the radius of curvature of the leaf of the 
gate ro~ains practically the same regardless of the size of the 
sate~ tho relative radius of curvature will become larger as the 
gat-:: s:l. ze becomes smaller. 

Aside fran possible variations in gate castings and settings, 
tho discharg0 data, Table 5, obtained .from Fig. 10 and the di,s
charga data which can be obtaihed for tho .other sizo gates from 
Fig::'., 11 through 23, are accura to to within approximately :t 3%; 
however_. tb.e table is based on a water temperature of 600F, which 
was o.ssu.mod to be an average for the United States, and utili
zation of the tables with a deviation in water temperature of .. · 
:!: 2ocF1 mg_y cause an ad.di tional : 1% error. Thus tho data are 
accurate tc :!:" 4% at tho maximum deviation. This deviation may 
be found orly under sxtrome cohditidns ~hd under most conditions 
tho maxi:nvm do7i a ti on wilJ. bo only ~ 2%. 

- 10 -



D~ ·-=' cJ.~1&i .)£.;. of Rosul ts 

Fer c''.c 48~::,_n., ?11E:Jt0r,3ate '1 comyu j .s :m of discharge data 
rev:::;a~_ed 1~}:.1:1t t~~,r 20::.~:.+.IvoJ;r hJ.n;L d~'i1.J::a_2ges through the 2-in. 
g2 to err:: t1-'!_1J.f', -S~i.n .?1•uFnc ,;1-:.rv·)s r·e 3..i 22% :1igh and for rel a ti voly 
L.lgi1 aJ schar ge ·1 thr ·)l1gh tnc 2~ .... -~n., c~ ,·,.c o~;ening their curves 
read 18% ::..N1,, Co~r:r- J8pcnl5-:ng Cl i_.ff\:..: L'r-.c.s 0xisted for other gato 
f'lZ8Sr 

- 11 -



IT°e.L ~.-,'·~'·c·c-·'·-1 r •. -,.,.,f'r- t'L.._I(-< '· i8• 12' ~,l -~-'- ,,~,_,_ ,,,,.1. ;_,_ c.. .. .1 ,,lt.L\T8.., _,_.;r 1~e •f·'' JL ••. -in., -in., c.nu 

P ... J:-10 mctu:1 gc.t.03 cro bnseri nn a0C'.l.t.l"?'~r· ex.1)erimontal data. WhL;_e; 
. h " " 1 • - . " . . .. . 2 . 36 ° 30 . "..; c rom£.in.n~-; ::ci. .. :.-orJ.i::;1on curvss 2·c:.·· ·;11:: t..J- ... in .. , -in., ···in. E' 

C2l1.-in~; 21·-iL,;\ ·1.\..,-in~, 1,5-in., :L--in._, and 10-in. motergatos 
aro bo.8od on i'.1c•;1:po:l .. '1·cod do.ta, ·i:;hc nurn.o.rkably consistent rola-
ti.onships m;_d trcnc13 betwoon tho cur7vs based on test data indi
~L,tss that c;l1c il1tol'."polated curves should bo of an accuracy 
-::Josol_y app1•caching tho accuracy of tho calibration curves 
~rsod on t.jst data. 

•rt.c A:i•nco Moterga to Model No. 101 is highly suitable as 
n central and standard· measuring device with utilization of 
the cri.l:Jbx•ation curves, Figs. 10 through 23, if tho final 
~wcu.r~'.c~- desired is not groat or than that pormi t·;;od by tho 
iwr.n:-i.J_ vo.r~ation in gate castings and settings.,, 

Ji::: C'- J.n be soon from Figs. 10, 17, 21 and 23; t-he portions 
nf th8 C versus Ro curves (high Ro), which o.ro horizontal 
0r in1inato r conAtant value of C, fit tho test data very 
·.;Jcso~y; h,;nco 1 i~; is recommended that with a given metergate 
J.nc: f:Jr a i'Pqu.L:•r;cl. discharge the gate opening be regulated so 
chat chc np~1·rtion takes place in tho zone (high Re) to the 
:r:'.'..p·.nt C'f +,;n<) broken lines, Figs. 10 through 23, which connect 
,,u]Lts 0f Gonstant C with minimum Ro. 

It ls also recommended that the calibration data obtained 
_;~-..-.":,1n the above study bo used for motorgatos whoso settings do 
nr·t va:cy greatly 1'rom the installations used in the testing 
p:...:ograr-i. soo Figs. 4, 5 and 6. 

- 12 -
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Table 1 

Experiments.l Calibration Data for 48-in. Armco Metergate Model No. 101-:i-

Opening 
of Gate 

48" 

36 11 

24tr 

Q 
cf s 

60,,29 

49.,s8 

+2.,4'-~ 

:<j.7'0 

::...1 () v ,,. 

58.26 

c:'t 'l 7 
- 0; ; 

«5q., u2 

1 /~ _, 
..1..4-"" \_J..) 

, I, ,, ;.) 

>'h, l, l 
I • 

J , " 

J _; G i .. _;i 

_.-: ,"t .:s· 

L)ii in ft. D.h in ft. 
x = 12 11 x/D ::: 2/1 

0.932 Oa720 

0,.674 

07485 

0" 3011-

U;;;J.23 

1.078 

l,, 009 

0.,.496 

0.,067 

o.;;Gb3 

C) < r:25 

~- ,_ )l)f.; 

Q,,579 

Cc5':.C.Li-

0,359 

0~212 

0.084 

1.037 

0 .. 968 

0.,467 

0.059 

0.,054 

0,,203 

1.,_::;3~2 

C; ~5Gs: 

h/a 

2 .. 020 

1.880 

1.779 

1 .. 696 

1.596 

2.688 

2 .• 651 

2.349 

2.334 

2,050 

?, lF~ 7 

~J. 0~ OL ·1-l - ,-

"' i /_/ 
>:;;>-LT\..._ •. ) 

c 
x/D =. 2/3 

0.700 

0.690 

0.701 

0.725 

0.743 

o.566 

o.565 

0.566 

o.597 

0~608 

0,,580 

') ~42L~ 

'i. J, ,.,,I 
\~ .... '!. i_,.c:. -~ 

:·r2 J_ E. --~::. ,y,1 c~:i:i_c:::>.1.(" o f! Pc >1 c;c1:;_~g:3 -~ •_ij :P :- c 0 c !':1 u.ga. t e d p 1.r'e 

Re 

12.88x105 

io.67x105 

9.06x105 

7.19xlo5 

4.65x105 

12.43xlo5 

i2.02x105 

8.35x105 

3.12x105 

3.04x105 

~,. 64x105 

ll,.33xl05 

6. 95xJ_o5 

l'rn:nd-1,..,:~ l1 ft. ___ .._, . --' .Lt.:;i -·1- · 

c 
x '::. 12 11 

0.602 

0.601 

.0.603 

0.606 

0.612 

0.556 

0..,552 

0.549 

0"561 

o.S64 

C.,5!52 

0 ,43::; 

() ~ _! ~;~J 

::i =:... i9 e~ .. 



+"' 

Opening 
of Gate 

24" 

16" 

8 If 

I, :t 
+ 

Table 1 (continued) 

Experimental Calibration Data for 48-in. Armco Metergate Model No. 101 

Q. 
cfs 

25.17 

15.82 

io.12 

43.07 

32,.46 

21.43 

l?.48 

8.05 

?5.,C~ 

Lr: ·j'f 

c 3·· /• I 

5~ ,~e 

') {.. r\ 

,:_ .·'c-' 

2> 6 ~. 1_0 

r' -i ,, -· ~ ' 

._, ') ;> 

Ah in ft• A h in ft. 
x -::. 1211 x/D = 2/3 

0.350 

0.137 

0.052 

1.933 

1.103 

0.479 

0.316 

0,.063 

2.258 

0.810 

0.304 

" l 1 ') 
-- (... .1. -'-_.I 

0.,044 

~ .. l.O( 

J"' 1 l.<J 

() ·~ r..::.' r·" 
V(,;-~.-·:.J 

("\ -, -, •) 
(· ..L 

0.349 

0.140 

0.050 

1.956 

i.114 

0.482 

0.318 

0.061 

2.255 

0.810 

0.300 

1 ., •, o .. ..!..:.+ 

o. o~J~ 

2- .i u·, 
c - . 

()<, 1.Lo 

0~3;4 

1:1 , 1 l!~ 

h/a 

3.303 

3,.562 

3.429 

6.100 

5,.480 

4.970 

4.820 

5.100 

12.26 

10Ql3 

- r-. ,, 
J..V' .'.:'4 

1
., .~., 

1'-J '(1 C:...L 

~, "4 \..... -i') 

2.) :C5.S 

2c!.,RJ 

r.r ·l[" 
'-LI • L.../ 

1 '7 - 7 
• C· _!_ 

c 
x/D = 2/3 

0.422 

0.419 

0.488 

0.305 

0.304 

0.314 

0.306 

0.322 

0.,,165 

0.168 

Ocl69 

•.) .. 170 

() 0 l_,71 

o.,us·~? 

01'0J+6 

n ,- pr J 

v •. ,J~;:i~ 

il"'O'.J~ ~ 

Re 

5.39x105 

3.38x105 

2.16x105 

9.2ox105 

6.9Jx105 

4.59x105 

3.73xl05 

l.72x105 

5.36x105 

3.26x105 
c' 2.00xlO,...; 

c.' 
1.,24xl0--' 

r' 

0~ 77zl ')-' 

2 :· (~l:v:J.0_';:1 

J,'lsx105 

la09xlo5 

0 : ?J,r.., 1S 
C '--'L- ...;i.....i...-.. 

c 
x ""' 12" 

0.421 

0.424 

0<}441 

0.307 

0.306 

0 .. 307 

0~308 

O,,JJ.7 

0 ,16C:: 
/ 

0,.lf.8 

c. j 6-'.:l 

:) _ l'?() 

(\ , ~( 
"·-' ~" .. L. ,' .: 

'.) -08.3~ 

Or, r1845 

0.,0850 

J,. 0802 



Table 1 (continued) 

Experimental Calibi.:5 ation Data for 48-in. Armco Metergate Hodel No,. 101 

Opening Q .Ah in ft. .Ah in ft. h/a c Re c 
of Gate cfs x = i2 11 x/D = 2/3 x/D = 2/3 x. = 12" 

2" 6.01 2.417 2.417 49.,00 0.0384 l,.29xl05 0,,0383 

4.98 1.629 1.630 44~-20 0.0388 l.06x105 0.0387 

3.33 0.710 0.7095 3 7 _. 75 0.0393 o.711x105 a .. 0391 

2.57 0.412 0 .. 4135 35.05 0.0397 0.550x105 0.0397 

i.41 0.117 0.1175 31.40 0.0409 o.301x105 0.,0409 

UT 



Table 2 

Experimental Calibration Data for 18-in. Armco Metergate Hodel No. 101~:-

Opening Q ..(\ h in ft. .c. h in ft • h/a c Re c 
of Gate cf s x = 12" x/D = 2/3 x/D = 2/3 -x -.:: 12" 

~= .. ~~ 
5.9lxlo5 

--~i-=~ 

18" 8.01 0.570 2.020 0.749 

6.96 0.406 1.862 0;,768 5.13xl05 

6.24 0.315 l.,750 0.784 4.6lx105 

6.23 0.311 lc744 0.,789 
r' 

4.60xlO_::J 

5.84 0.281 1,,697 0.779 4.31x105 

5.15 0.212 L,602 0..,787 J.81x105 

4.46 0.171 1.,842 o~, 764 3,.3ox10S 

3. 78 0.126 1.590 OQ749 ::~78x105 
()' 

2.,2') 0.046 i.,380 0 '') ~ l.66x105 "fLJ-c'. 

0 ., 038 2.210 0., 749 l.5Jx105 
,._, 

13 1/2 11 }, 14 o,_,054 ::\ ~! 7C OJi53 l.50xl0-" 

""1 ;-·, "., o_Sl l '_J 53 0 C>5S l,5~x!O~ 

'. U2 U , Olt I) ?,'::80 • ( J., 

u' 1)'.:)J. 
1 ;.n"- r 5 -- ~ '-+· ? -~.-1... ',;-

;;t. ~.JF·t1 ~-'01'•' C:n1~·r·~j -111 A/'/- JVt C1)l_; ·~-" - ti f!:, ('(1Y'f'1J.ij8-Led r,_,1-pe 

':t.,,-~: J -,_ !.· .1. \...' •,"._; ).~ ~ t:· "';. ,""'- ,/ :J ' ·, -., < - ....... J...., . 
· C.1 ;J I·':-! J_(,·~-H·J.C.-t_L 

,, 
- " ·- ' . -, ,, .. . . l :; .< , • , 0 ·-1 

v-J_:_ 1,11 _r.._ "'- _1_,.-:-_ · y I'--'. _i]-::. K !1,1'~ irtel1 ;,J._GC:.-1. ivl ,,·1 '.'d~ le::; J.L. 
Q/"'r-nnE--1r-.1-,:-1-1 :r &- r.;,e-:·1_·-;rr-r_1 
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Table 2 (continued) 

Experimental Calibration Data for 18-in .. Armco Metergate Model No. 101 

Opening 
of Gate 

9" 

3" 

,.-- -,\ _, ,j,_l, 'j J 

Q 
cfs 

6.96 

6.28 

6.24 

5 ... 03 

J.77 

2.54 

l.57 

2.80 

2.62 

2.,37 

1 (' ~' t 

I ,.. 1:>F'1 

:i....,2~' 

..., -I <; 
............ 

!"_/ -

ah in ft. Ah in ft. h/a 
x = 12" x/D = 2/3 

~ ! ") 
" '--(..) 

1.120 

0.920 

0.924 

0.601 

0.338 

0.149 

0.058 

1.242 

1.072 

o .. 894 

0.626 

(): 388 

0.,220 

c.210 

') _ 190 

1J _j,,I _:l~t ~l-Eil 

~Hf 

1/\: l : J-_ 

6.582 

6.138 

L:-" I.I 1_~4 

5.482 

5.542 

2.896 

4.526 
13.,36 

13.00 

12.,JC 

]_' ~JI_ 

·' iJ '.. ~' 

l.l ( -~i+ 

'\ ...... , 
I '' c:._ / -· 

e)r3(t,~ 

.~C =' :::_2 II> V:J.~.U0;__, 

.... c .... ..i. E. d ~.:\.. .. 11 1~ ~r~cl r_ ._)_ l. ;~·-1) 

c 
x/D = 2/3 

0.462 

0-.461 

0,.456 

0 .. 456 

0.456 

0.464 

0.459 

0.177 

0,,179 

0¥177 

0~1-75 

() J "(9 

J 0 li3:; 

r ..., 0r 
v,..LlV 

'J,:l'.:] 

Re 

5.13x105 

4.6Jx105 

4.61x105 

J.7lxlo5 

2.78x105 

l.88x105 

l.l6x105 

2.01x105 

l.9Jxlo5 

l.75x105 

l.45xJOr:; 
,, 

1.,l?xl0_; 
,.., 

O~SJCJC£-~C-~ 

0 .--, / J 1 '\ c; "oo_,:;;. v· 

C r~---; v., c·.S 
0. -- - ~·- ~--

c 
x = 12 11 

~z.·:~ 

T .. e ..:.c~2.1J:::,L~c~l CJ::':.t~1 valW.38 L1 
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Table 3 

Experimental Calibration Data for 12-in. Armco Metergate Hodel No. lOH:· 

Opening 
of Gate 

12" 

9" 

8" 

Q 
cf s 

7.27 

6.14 

5.08 

3.98 

3.85 

2.95 

2.31 

2.02 

4~64 

4,.,26 

3.64 

2.98 

2.12 

1.24 

4.23 

4 .. 18 

3.14 

Ah in ft. 4h in ft. h/a 
x • 12 11 x/D = 2/3 

2.13 2_28 4 ... 23 

1. 60 1 .• 66 3. 54 

1,.06 

Q._66 

o .. 59 

0,.3 7_ 

0.25 

0.20 

1.16 

0..,98 

0.72 

0.49 

0.24 

0.08 

1.18 

1.17 

0167 

1.19 

0.77 

0.60 

0.48 

0,.28 

0,.22 

1.39 

1.28 

o.85 

0.57 

0.29 

0.10 

1.21 

1,.22 

o.69 

2.87 

2.32 

2.14 

1,.98 

1.75 

1.76 

4.12 

3.44 

3.07 

2.69 

2.35 

2.09 

4.02 

4.38 

J.29 

c 
x/D :: 2/3 

0.764 

0.755 

0.739 

0.720 

0.789 

o.677 

o.694 

o.685 

0.624 

o.598 

0.627 

0.626 

0.625 

0.623 

0.610 

0.603 

0:>603 

~~Data fi"}c~~·-:_ ::.;-_ 2 ... ·J1JrGa1.1 of Ticcl£Jna·:ion ... 2 ft..., ccr~")~-2.:~_:,~d. 

Re 

8.8ox105 

7.44x105 

6.16x10.5 

4.82x105 

4.66x105 

3.58x105 

2.8lxlo5 

2.45x105 

5.62x105 

5.16x105 

4.41x10.5 

3.61x105 

2.57xJo5 

l.5ox105 

51- ·1··~ 
• )J\...Ll·--

5.,0S::z10S 

3.8Qyl()_) 

_;J_.J ... .,J ~-'.:~ ~-· - . 

c 
x = 12 11 

0.788 

0.767 

0.780 

0,.774 

o. 793 

0~768 

0.732 

0.714 

J"682 

0.679 

0.679 

o.675 

nc66c 

u~6~4 

o.G16 

0.612 

0~60b 

• ,,. ::i1J t·1 r Ll);_ 



Table 3 (continued) 

Experimental Calibration Data for 12-in. Armco Hetergate Model No. 101 

Opening Q Lh in ft. ,4h in ft. h/a c Re c 
of Gate cfs x "" 12 11 x/D = 2/3 x/D = 2/3 x = 12!1 

8 fl 2.73 0.48 0.50 2.98 0.613 3.3lxlo5 0.625 

1.92 0.23 0.26 2.61 o.598 2.32x105 0.635 

6 fl 2. 63 0.74 0!'76 4. 70 0.478 3 .. 19xl'l5 0.486 

2.63 0.73 0.77 4.50 0.476 3.19xlo5 0.489 

2.16 0.50 0.53 4.00 o. L~ 70 2.61x105 0.1-1-84 

1.86 0.35 0.40 3.70 0.466 
c:' 

2.2.5xlO.::> 0.499 

1.55 0.24 0.29 3.50 0.456 l.88x105 0.502 
(/';) 

4" 2.30 1.20 1.23 9.09 0.329 2.,79x10.5 0,.333 

1.52 0.48 o.59 6.90 0.314 l.84x105 0.348 

1.22 0.30 0.34 6.18 0.332 i.48x105 0.353 

0.76 0.11 0-.11 5.16 0.360 0.920xl05 8.3 SJ 

2" 2.08 3.38 3.37 29.50 0.179 
r' 

2.52xl0.? 0.130 

l .L~3 1.63 1.67 19.80 0.176 c:' l.73xlO.::> 0.178 

0.93 o.65 0.64 lJ.70 0 .. 185 l.13xl05 0.183 

0.72 0.36 0.46 lL.50 0.169 o.873x10.5 0.191 

o.6~- 0.29 0.32 10.50 
r' 

0 ... 179 o.777x10> 0.189 

0.51 0.19 0.18 9.12 0 .• 191 o.62ox10.5 0.186 



I 
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0 

Table 4 
Experimental Calibration Data for 8-in, Armco Metergate Hodel No. 101~~ 

Opening 
of Gate 

8" 

7" 

Q 
cfs 

2.34 

2.31 

2. 02 

1.82 

1.81 

1.56 

1.52 

1.43 

i.42 

1.11 

1.10 

o.87 

0.81 

0.73 

2. 24 

1.87 

Ah in ft. Ah in ft. h/a 
x = 12 11 x/D = 2/3 

1.08 1~09 6,06 

1.02 

0.79 

o.66 

0-.67 

0~49 

0,48 

0.40 

0.40 

0.25 

o.2~-

0.16 

o.lLJ-

0.11 

1.00 

0.72 

1 .. 05 

0~78 

o.68 

0.71-

0 .. 48 

0.42 

0.41 

0.26 

0.24 

5.76 

4.67 

4.56 

4.09 

J.75 

3el6 

3 .3L1-

4 .s5 
2 .. 25 

~--62 

6.51 

4.91 

c 
x/D = 2/3 

0.801 

0.805 

0 .. 821 

o. 791 

0.768 

o .. 784 

0.788 

o. 792 

0.779 

Oe803 

->:- Data from U. S. Bureau of Reclamation - 20 ft. corrugated pipe 

Re 

4.03x105 

4.oox105 

3 .. 5ox105 

3.16xl05 

3.15x10.5 
c 2.7lx:lO.::> 

2.64x105 

2.49x105 

2.47x105 

l.93xlo5 

l.91x105 

l .. 5lxlo5 

l.41x105 

l.27x105 

3 .89x105 

3.25x105 

c 
x = 12 11 

0.804 

o.317 

o.311 

o.rJoo 

0.789 

o. 796 

0.782 

0.806 

0.802 

o. 793 

0.803 

0.777 

0.772 

0.786 

0.800 

o. 787 



Table 4 (continued) 

Experimental Calibration Data for 8-in. Armco Metergate Model No. 101 

Opening Q. Ah in f't. Ah in ft. h/a c Re c 
of Gate cf's x = 12" x/D = 2/3 x/D = 2/3 x = 12" 

7" 1.70 o.59 -.-- 4.20 --- 2. 95xio5 o. 790 

1.44 0.43 --- 3.38 --- 2._5ox105 0 .. 785 

1.19 0.31 --- 2.72 --- 2.06x105 0.763 

1.05 0~23 --- --- --- l.82x105 0 .. 782 

0.97 0.19 --- 2.12 --- l ... 68xl05 0.795 

0.97 0.20 --- 4.27 --- l.,.68x105 0.775 

o.87 0.17 --- --- --- l.51x105 0.754 

' 0.81 0.14 l.41x105 0.774 --- --- ---p..:> - r' 

0 .. 81 0.14 --- --- --- l.4lxlO.'.:> 0.774 

o.69 0.,10 --- --- --- i.2ox105 0~780 

6" 2.14 1.10 1.36 7 .l.~8 o.653 3.72xlo5 0.726 

1 .. 83 0 .. 79 0.98 _s,. 78 0.661 3.18x10.5 0.733 

1.65 o.65 0.80 J.02 0.663 2-..87xl05 o .. 729 

1.,44 0.51 0.64 4.26 0.643 2.5ox105 0.718 

1.20 0.38 0.48 3.52 0.622 2.08x105 0.693 
r' 

1.10 0.30 --- --- --- 1 .• 9lxlO.? 0.724 

0.97 0.22 0.27 3.58 o.664 l.69x105 o. 737 



Table 4 (continued) 

Experimental Calibration Data for 8 ... in. Armco Hetergate Model ·No. 101 

Opening Q Ah in i't. .Ah in ft. h/a c Re c 
of Gate cfs x = 12" x/D = 2/3 x/D = 2/3 x = 12 11 

6" 0.97 0.22 0.28 3.02 o.656 L,69x105 o. 737 

0.80 0~155 --- --- --- l-.J9x105 0.726 

0 .. 80 0.155 --- --- r' 

--- L.39xlO.? 0,,726 

0.76 0.14 --- --- --- l.J2x105 0.725 

o.69 0.12 --- --- --- l.3)x105 0.712 

5" 2.14 i.40 --- 9 .. 58 --- 3.72x105 o.64tti 

1.78 0.96 --- 7.18 --- J.09x105 0.650 
I 

N i.46 !"-l o.66 --- 5.43 --- 2.54x105 0.641 

1.16 0.41 --- 4.01 --- 2.02x105 0.646 

0 .. 28 
r' 

0.96 --- 3.24 --- 1 .. 67x10:::> 0.648 

0~85 0.21 --- 2.78 --- l.48x105 0.663 

0,.81 0.195 --- --- --- J-4lxlo5 0.,655 

0.76 0.17 --- --- --- .l.32x105 o.658 

0.14 
r' 

Ot70 --- --- --- l.22xlO.? o.668 

0 .. 63 0.11 --- --- --- l.09x105 0.678 
r' 

0.62 0.11 --- --- --- l .• 08x10.::i o.654 

4" 1..99 1\)79 2.12 13.05 0.490 3~46x105 0~531 



Table 4 (continued) 

Experimental Calibration Data for 8-in. Armco J'1etergate I.'Iodel No. 101 

Opening Q. .dh in .ft. .6.h in .ft. h/a c Re c 
of Gate cf s x = 12 11 x/D = 2/3 x/D = 2/3 x = 12 11 

4" 1.73 1.36 1.,60 10.59 0.490 3.01x105 0.530 

1.30 0.76 0.90 7~41 0.489 
.-' 

2.26x10> 0,532 

1.15 o .. 58 o.69 6.36 0.496 2.oox105 0.539 

0.94 0.39 0 .. 47 5.16 0.487 l.63x105 0<>538 

o .. 89 0.35 --- --- --- l.55xio5 0.537 

0~74 0.23 0.28 4.11 0.500 
r' 

l.29x10.:::i 0.551 

0.73 0.23 
. r::' o .. SLl-4 --- --- --- 1.27x10.:::i 

I"" o.66 0.18 --- --- --- l.15x105 0 .. 548 CJ.,) 

o.57 0.13 --- --- --- o. 9907:J.o5 Jo556 

o.51 0.10 --- --- --- o.886x105 0.562 

0.51 0.10 --- --- --- o.886x105 0.562 

3'' 1~78 2.21 --- 16 .. 60 --- J,.09xlo5 0.428 

1,1.5 0.90 --- 8.68 --- 2.oox105 Oc433 

1,,06 0.79 --- 7 .96 --- l.84x105 0.426 

0,.9: o .. 58 --- 6.56 --- l.58x105 0.426 

0 .. 80 0.44 --- --- --- l.39x105 0.430 

Oc69 0.33 --- --- --- i.2ox105 ),,429 



Table 4 (continued) 

Experimental Calibration Data for 8-in. Armco Metergate Model No. 101 

Opening Q 4h in ft. t>. h in ft. h/a c Re c 
of Gate cfs x = 1211 x/D = 2/3 x/D = 2/3 x = 12 11 

3" o.65 0.27 --- --- --- l.13xlo5 o.~4-47 

o.58 0~·22 --- --- --- l.Olxlo5 () ~ ILi;.6 

o.53 0 .. 18 --- --- --- o.921x10.S (j_,4j'3 

0 • .51 0.17 --- 5.28 --- o.886x105 0,,441 

o .L~b 0.13 --- --- --- Q r' () 4 c'6 0 . __ ')2xlO.? v. ~ 

0.;41 0.10 --- --- --- 0.715x105 0.463 

2u 0.97 1.32 1.48 16.86 0.284 l,.68xl05 0.302 
7--> .p. 0.93 1.25 1.39 16.20 0.281 l .. 62xlo5 0$ 297 

o .. 89 1 .. 23 1.37 16.02 0.271 1-.55x105 Oo287 

0.80 0.91 1.01 13.50 0.284 h 
l~ .. 39xl0-' 0.300 

Ov66 0 .. 62 o.69 l:.i_.,10 0.284 l.15x105 0.300 
,._, 

c .. 64 o~56 --- - "'-~· ., .. --- l.llxlo.? 0,.307 

O~ (,2 o.55 0.61 10~41-1- 0.284 
. r' 

l.08x10~ 0,,299 

J.,45 0.28 --- --- --- 0.,. 781x105 0.,301 

c 1, ') 
0'-+ .... -· 0 .. 24 0 .. 27 12.SO 0,.288 o. .. 730x1o5 0.306 

0,,38 0,18 --- --- --- o.66ox105 0 .. 320 

o~ 34 0 .11+ 0 .. 16 6$78 0.304 0.590xlo5 0~325 



"' GT\ 

Opening 
of Gate 

2" 

Table 4 (continued) 

Experimental Calibration Data for 8-in. Armco Metergate Hodel No. 101 

Q, /lh in ft .Ah in ftr, h/a c Re 
cfs x = 12 11 x/D = 2/3 x/D = 2/3 

0.34 o~"'4 0.16 10 .. 98 0.,304 o.59ox10S 

0.14 
,--' 

0.33 --- __ _, 

9"0!"-- 0.57Lp-10_'; 

0.28 
,J 

0.10 --- --- --- o.486x10_, 

G 
x = 12'1 

... ,..,,,....,,r 
I:; _jc:_;> 

,') '· 31-9 

),_325 



Table 5 

D:tscharge Dat~ 
'+d·<i.:r. A:r:•mco Metergate Model No. 101 

~a~:-=-=.:--=~·=~~~·=:.=-~::: ~="if e:_~=~ Ga §f~E~ning In:haf _ 
--·--... ··----~- .. __ ,, __ 

~ ~i- 6 ·C 

in ···----·J·---·-··?lL ... __ ,1_. ____ 32 k . _ g~--
~t~s Dischar~e in Cubic Fe~_p~£.. Second ---·· ·--- -- -- --··--· --·· ... -'"-· ·-··--
l 1.19 L,51 1085 2.21 2.52 2.84 3.15 3.45 3. 75 4.3LJ 

1-t l,, JC'. l;;.69 2 ,,06 2.47 2.80 3.16 3.50 J.83 4 .. 18 4. 8L1 
l·=!,_ 

. .3 1,,43 lr6c{ 2,,25 2.70 3.06 3.4.4 3.83 4.19 4.55 5. 2S 
1 1.54 2e 00 ;2"43 2.91 3. 29 3.70 4.13 4.50 4.90 5. 7C 1,· .. 
-~ 

2 1.,65 2.,12 2@ 59 3.10 3.52 3,.95 4.40 4.80 5.24 6.os 
,, l 
c::·4 L.75 2.24 2,74 3~29 3.72 4.20 4.66 5.08 5.56 6 .. 4c 
,. :L 1.84 2.36 2., 89 3.,47 3 .. 92 4.L~2 4.92 5~36 5.87 6. Si '-·2 

'· 
41- 1~93 2.48 3,,02 3 ., 63 4,.11 4.64 5.16 5,'.,62 6.14 7 .1.: 

'T' 

3 2.01 2.59 3.,15 3. 79 4.,29 4.85 5~39 5.86 6.40 7 .. L; .' 

3i 2e09 2o6S 3o27 3.94 4.45 5.05 5.60 6 .. 10 6.66 7. 7' 
~l 2-.17 2.79 3(>39 4,08 4 .. 61 5.23 5<;81 6•33 6.89 800· Y2 

') 2. 2"24 2.88 3.51 4. 22 4~77 5.40 6.02 6.56 7.12 8 i 2c ...14 . . 

4 2.Jl 2.97 J.63 4.36 4.92 5.56 6.22 . 6. 79 7.35 8 .5l 

4t 2(>38 3.06 3.74 4.49 .5.07 5.71 6.40 7 .. 00 7·.58 8. 8; 

4! 2 .. 44 3.15 3.84 4.62 5..,20 5.87 6058 7.19 7.81 9 .oi 

4fi. 
4 

2.s1 3a 21~ Jo94 4374 5"33 6~01 6 c, / 
'· 10 7.36 8.03 9. 3! 

5 2.,.57 3>32 L~~o5 L1 er.; ... ,:') 5~h6 6' 18 () c 9 ~~ '7 r-5 i .:) :.,.J 8"23 9.9 

5i 2 2.68 3,,47 4"23 5.07 5., 73 6 .. l_j-8 7 0 ?1_! '!I; 9?. 8'\63 io~o; 

6 2., 79 3~62 4,,41 5. 2CJ r.:' o 7 
.-) ~\ ,I I 6.75 7 ~ 5;~·-~ f:ic28 9,)01 10 I' . t. -~-

(_ l Oz 2c 90 '3 7 t' ~ ... , ,·] i~., 59 5. 51 t~20 7.,02 ~ ;:; .. 
:' (J!Jb 8.62 9.36 in ry . ., '"/ 

- 26 -



'7..::.1::.. 3 10 I '3 ., 

(3 3. 20 

4.04 4.,92 

4.16 5.08 

Tn.blo 5 ( continuod) 

5.92 

6.10 

6.66 

6.88 7.79 

8.54 

8~73 

---·-----

9u55 10.41 12.11 

8~ J.30 4•28 5.22 6.27 7.10 8.02 9.00 9.85 10.73 12.48 

9 3.40 4.40 5.,37 6.,44 7.30 8.25 9;i26 10.,13 11-.04 12.85 

9i 3.49 4.52 5.52 6.61 7.,50 8.48 9.51 10a41 11.35 13.20 

_o 

.1 

_2 

3.58 4.63 

3. 74 4,.85 

3.90 5.06 

4.05 5.26 

4~35 

6" 77 

7.10 

7.42 

7,,, 72 

8. 29 

7.69 8.70 9.76 10.69 11.64 13.53 

8.05 9.13 10.23 11~20 12.20 14.19 

8.41 9.53 10,70 11.71 12.76 14.8L 

8,75 9.92 lL,12 12 .. 19 13.30 15 .. ~_;-' 

L6 4.50 5.83 7.10 8,.56 9(70 11.00 12.,34 1J~52 14,,72 l?~L.1 

L7 4,63 6~01 7i31 8.82 10~00 11.34 12a72 13.93 15.18 17.6~ 

L8 4,76 6.18 7e52 9.08 10i30 11.67 lJalO 14~33 15.61 18.l~ 

- 27 .. 



Table 5 (continued) 

Discharge Data 
4El~in,Armco r:etergate Model No. 101 

~ acf. --------·------Tf0 t~-Ga.Te 
0-p e~1-J1:.Llnche_s 

6 
· -rs---

~ 1 8 -~· ·-c;-·-- i0 ----11 12 lli _____ l _____ !__ 
-----

20 --22-
. .-,-. ., 

;1Le s ---· ,, _____ u..f?~_h8.:~i;~ -£~ Cubic Feet p~r __ ~ec_on~-- -------------···· 
1 4,,93 5i.48 6,~05 6.56 7.12 8.06 9 "-00 9.88 10.78 11. 73 _,_ 

1)..-
4 5'148 6.11 6,, 73 7.JO 7.88 8.98 10"'00 lffi~94 12.,00 12.98 

li 5.98 6.67 7,,33 7.,96 8058 9. 79 10091 llt\98 13 .14 l~-· 22 

iti 6.44 7,,20 7.90 8i.;55 9.25 10.57 11,, 79 12"92 14.20 15.34 

2 6.90 7..,66 8.43 9.,08 9.89 11.28 12 ,,60 13-.,82 15.18 16 .L1.2 

2.1. 4 7,..32 8,.12 8.,95 9.61 10•49 11.98 13 .. 37 14~67 16 .. 10 17 .-l+O 

2i 7.70 81156 9.4Lt 10.) 12 lL:,05 i2.;63 i4.10 15.,47 16~96 18,_ J!: 

23 
4 8.05 8 •. 97 9n90 10 .. 62 11.60 1Jc24 J4 -~ 78 16{, 21 l71180 19 '> ?,;·; 

.. 
3 s.40 9.37 10"33 11.10 J2 (:11 J.3 "83 15ol:.) lh"93 181'60 20 ;:o 

Ji 8 .. 75 9o76 10~76 llv55 J2 c60 lJ.~e 40 16,,C6 l7t~62 19,.J4 20,,c;is 

3~~-
r~ 9.10 10.,13 llol8 llci98 lJ_,08 14.92 16 .. 67 :~_u (,J 27 20007 21,~·;:~ 

3 34 9 .. ~-2 10.,49 11.56 12'040 13 .. 53 15 .. 44 17.26 18093 20.79 22~LJ.~~ 

4 9f 73 10.83 11.94 12.81 13(;98 15. 91~ 17.82 19~57 21.47 23.19 
I l 
4-~I 10.03 11.17 12.31 13.20 14.41 16.,44 18037 20.16 22.13 23.9? 

4i 10.,32 11.49 l2i;.66 lJ.,59 14.83 16.92 18.90 20074 22.78 24.62 

4t 10.61 lL,80 lJ.OO 13 .,96 15023 17 ~40 19 ,,41 21~.31 23.39 25.,30 

5 10.,88 12010 13,.iJL~ 1 i I ':~ ;.) 

'i"'(' - -· ·~~-~~;;;62 ., 7 '1P j_ •.'.i (_j v 1'.:?(,;·J 'j'") 8 c' 
'_J_ ,, ::> 23.99 25.9.S 

.--' J_ 11.40 12(,170 14000 l_j ," (_; !. -:.6t4C 1 ,,-. 17 r ;J.r_) .)C·rj ,.)') 03 25' ,, 19 27 "2: :~2 ..s.b.~. j ,__ (. - {.,.~ .I 

I lle90 lJ G 2-S JJ:_" 6 ~~ 1 c'." ?C ' ~ ~ -~ }_<~} '" .~~J '.-· 2~~ , G? ·-::; r 96 26.29 . 28 ,,lL2 t) ' ' ~ ..L ) 

6l 12"'40 1 .. Q -1 !- r").·· v: ') ') ·~; ... ,, ~} ;j ~3 ?(),1C.: ?? - r 'JJ. r,. ?"' 38 29 ~'~~\~I 2 -'-,_,! " u .L i_"J 0 •. ~\.) . ) ,, .,) ~- _.._.·..,I'_./_.· -'- '-/ -:... -•Le '1ll ~ { . 



Table 5 (continued) 

-----·------- ------.. ----·-------

'7 12"87 J.4".32 15.,;G 16093 18 • .50 2Lil0 23a58 25085 28.40 30.i70 

/~~· 13.32 i4.,S2 16-;]h l7c.S3 19.14 21.85 24e40 26.76 29~38 31.00 

J 13~75 15.31 16.88 18~13 19.77 22.60 25.20 27065 30.33 32.80 

d! 14.18 15.79 17.40 18.67 20~38 23.30 26.00 28~51 31.27 33.80 

9 14.60 16,24 17.90 19.21 20,97 23.95 26.75 29.34 32nl9 34.80 

'1~ 15.oo 16.68 18.J9 19.73 21.56 24.60 27.47 30<>13 33 .. 07 35.75 

o 15.38 17.11 18.87 20.24 22.11 25.22 28.18 30.90 33.93 36ry6S 

.1 16.13 17"95 19~79 21.23 23.19 26.46 29.53 32.41 35:;60 38.,L1-5 

2 16.85 18.77 20:,68 22.,19 24.22 27.65 30"86 33.s~ 37,.15 40.,2c: 

4 18.20 20.25 22.33 23c96 26.16 29a85 JJ,J5 3f~60 40,15 4Jth0 

5 18~84 20096 23"13 24Q80 27.08 JO<l95 3~-"50 J7ogl') 41060 :+4-095' 

6 19045 21.64 2Ja87 25.61 27~95 Jl,95 35065 ~9~10 42095 46.4~ 

7 20.05 22.31 24060 26n40 28.81 32~90 36&75 40.JO 44.25 47.80 

8 20~64 22.97 25.32 27.18 29066 33.84 37~80 41050 45.55 49,20 

- 29 -



I 
J.. 

1 1-
- 'I, 

·l 
l ;3° 

~l 
.-'8 

12 .. 46 

13081 

15.16 

16,,37 

17050 

18.,57 

19~57 

20()52 

21,,42 

22.30 

23()15 

23.,96 

13. 23 

17r42 

18 ,. 63 

20.,85 

2L,85 

23,77 

2L~. 67 

25 •. 52 

Ta.bl0 5 (continued) 

D:.:.8charge Data 
1-1-CJ,.,~ n,, A:rmc0 Me terc;a te Hodel }.io. 101 

13 ~92 J.)-1-,, 72 

19 ft 23 

20060 

21~83 

22<:02 

23~10 

25,20 

25., lJ 

27~25 

28.18 

15 ,,82 

17.57 

19.20 

201172 

22 .. 10 

23~40 

24_.,65 

25i:87 

27-: 02 

?P 1111 '-'.) IJ ~ -t 

17.00 17~20 

18~75 19•)10 

20.30 2L,OO 

21ii84 22~s3 

23 033 24~ l_s' 

2L~e67 25J,o 

26,,00 26 0 9~ 

27 ~ 28 28 dr. 

21. 048 21,68 

23 ~ 24 23 .. JS 

24. c 78 24,, 98 

J ) ,_·Jo ')2 81 
'-"'- / ..) .. 

-!- 24c75 26,36 27,.85 ?9ol0 3L,20 32.90 34"27 34,98 35.05 

+t 25~52 .::.:7,.18 28~70 30,00 32~20 33•93 35.32 36~05 36.17 

3 +r 4 

I 

) 

26., 2.5 

26,,9 7 

29'101 

27.95 

28~71 

30,88 

33 .. 60 

29453 

~ 1 l') .·1_,., . 

33,,11 

·31 ,..,., .. '.-> U.l 

JG,60 

J R ?' ·") .v 

~· 30 -

36.JG 37,.06 

33 ,07 

IU .. (J8 
~/ / ,,. 

i_; ~· 0 ::u lfl_,.,00 

;. l ·;7 
·-t- _.. ) ~ 

37.20 

38,20 

J9.20 

41016 

~;_! 1 •• 70 



.L :.:. 

1 ' . .. c. 

'~ I 

J?,,78 

3S'.Ol 

38.15 

41.,10 

lt-2 .. 90 

4lt- .. 68 

l-1-6 .. 35 

, ' :? ') - , I c. __ ) 

"8 ' (\ .) tP-J. I 

47,,50 

49oJ2 

5i,,oo 

'4 c' 5 eJ;:; 

"";1· ') :._(1 _, . I 

~,.6 ,20 

48 ')("' 
Q ( .;) 

!)J ... ,.JO 

s2.,1S 

5 7 li.O 

TC1.blo 5 (continued 

· I Jr' c.j. (; -.::> 

i-:-Jc.65 

4J~o8J 

lt-6,, 00 

61. <1 7) 

!1.l c30 

41: ... 17 

45.,50 

46.80 

4s.05 

4S.29 

51.,70 

5L; .• 10 

62c4U 

"" .31 .. 

l ~ 5·) Lj-5 o L_ 

45 ()_C.: 

: r' ') ;:; '-\- ~-, \,,. _, . ...._ 

I ,. .. p ,90 

46 ~ 50 1+d l16 1:.9' 1+.3 

47.95 49u95 5G.96 

49 aJ.5 .5LJ;_o ,~;--(. 1+8 

50j70 52?50 53"89 

54.60 

57,00 

)9 ,,JC 

6J J 1'0 

67,,8_S 

69"ec 

56.,83 

611>7<; 

5S(>26 

5C~co 

'(;_c.lJ 

46~42 

L!.8 .o5 

49,.62 

51,,17 

52$64 

9-:--.10 

55,48 

58,,20 

f0.75 

I .J ,15 

72,,37 

74~48 



Fig. l 
General View of Laboratory on Cache La Poudre River 

Flow from Diversion Works at Left Through Flume to Calibrated Weir at Right 
Calibration 48-in Armco Metergate Model No. 101 

Colorado A ec M College Hydraulics Laboratory, Bellvue, Colorado 



Fig. 2 
Flow Patterns Downstream from Metergate to Calibrated Weir 

Calibration 48-in Armco Metergate ~ Model No. 101 
Colorado A & M College Hydraulics Laboratory, Bellvue, Colorado 

Fig. 3 
Metergate and Flume Viewed from Downstream 

Calibration 48-in Armco Metergate Model No. 101 
Colorado A & M College Hydraulics Laboratory, Bellvue, Colorado 
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Killing Two Birds With 
One Stone 

0 IRRIGATION districts and other supply systems which 
mea ure water to users it has, until recently, been thought 

necessary to erect two structures for each individual turnout 
- a gate and a measuring device. This, of course, involved a 
rather serious expenditure in fir t co t and in maintenance in 
behalf of each user, and when these were numbered by lmn
dreds, a on many active system , the burden was correspond
ingly multiplied. 

Recent development have made it possible to avoid this 
double expense by in tailing a turnout gate which serves both 
purpo es and reduces the labor of recording and regulating to 
the absolute minimum. This is the Calco Metergate. 

The Calco Slide Headgate ha been accurately calibrated by 
means of a series of experiments carried out by the Fresno Irriga
tion District under the direction of Chief Engineer George L. 
Swendsen. This investigation determined the loss of head pro
duced by flow through Calco Slide Headgates of the various di
ameters under various heads and with different degree of opening. 

The full text of the report of Chief Engineer Swend en is 
available upon request. Graphs and table are included giving de
tailed discharge data on all the usual diameters and gate openings. 

The maximum size shown in this report is 24 inche in 
diameter. Table are available, however, covering the intermed
iate small sizes and the 30", 36", 42'', and 48" sizes. 

The Calco Metergate i the combination of the Calco Slide 
Headgate, Model 101, with mea uring wells which show the 
difference in head between the water in the canal or reservoir 
and in the discharge pipe one foot from the gate face. This dif
ference is conveniently measured by means of a hook gauge, and 
the discharge in cubic feet per second is read from the tables. 



Convenient Tables 

FOR convenience of users the tables showing rates of flow with 
various sizes and openings of Calco Metergates have been pre

pared in pocket-size books especially adapted for use in the field. 
Tables are also included for ready conversion of quantities in 
cubic feet per second to miner's inches. The same data is available 
on separate cards, as shown below. These books or cards will be 
furnished gratis to users of the Metergate. 



Typical Discharge Chart for 24" Metergate 

as Made by Fresno Irrigation District 
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DIFFERENCE IN HEAD IN FEET 



AMOUNT OF GATE 
OPENING IS SHOWN 

BY DISTANCE BETWEEN 
NOTCH ON ROD AND 
TOP Of HANDWHEEL 
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CALCO MODEL IOI METERGATE 

METHOD OF USING 
HOOK GAUGE 

DIFFERENCE [ 
IN HEAD 

TO DETERMINE 
DIFFERENCE IN 
WATER LEVELS 



Adaptability 
The Calco Metergate is furnished either complete with metal 

wells (made of welded steel pipe) as shown in the accompanying 
photographs, or for use with a concrete well divided into two 
compartments by a metal partition, as shown by the drawing 
on the preceding page. 

l 

The Fresno Irrigation District has many hundreds of these 
Metergates in operation and experiences no difficulty in measur

ing water to its users. The canals 
are held at or very near a uniform 
gauge height, and the gates are 
installed in such a manner that 
should the water surface vary in 
the canal, the proportional varia
tion in the Metergate discharge is 
so small as usually to be negligible. 
Should the variation be large, the 
flow can still be kept constant by 
changing the gate opening. Ditch 
tenders in a short time become 
adept in the use of the device. 



The experience of various districts using the Metergate is that 
there is a large saving of water and that the water users are better 
satisfied because of the effective method adopted for giving them 
their allotted quantities. 

Delivery to Lower Levels 
The operation of the Metergate requires that the outlets of 

the turnout pipes be submerged at all times. In order to accom
plish this in locations where the levels of the canals are much 
higher than those in the turnout ditches or on the land, Engineer 
W . F. Woolley of the \'V'e t Stanislaus Irrigation District installs 
wells as shown in the accompanying photograph. 

With corrugated pipe and riser, the Meter
gate is made for such situations as shown here
with. This photo shows the pipe asphalt-dipped 
in which form it will be furnished on order. 

The Calco 
Metergate with 

Armco 
Corrugated 

Pipe .. 
These arrangements operate to maintain submerged outlets 

at all times so that delivery to lower levels can be measured just 
_as accurately as that to ditches of approximately the same eleva
tion. This improvement greatly extends the usefulness of the 
Meter gate. 



Use 
. 

t1on 
of the 

With 
Metergate 
the Calco 

m Conjunc
Radial Gate 

The accuracy of this method of water measurement depends 
to some extent upon the maintenance of reasonably constant 
levels in the canals or reservoirs. If the head on the gates fluctu
ates widely between readings the accuracy will be affected. 

Calco Automatic Radial Gate i11stalled to maintain constant level downstream. 
West Stanis/ans lrrigalio11 District , California. W. F. Woolley, Chief E11xi11eer. 

On most systems fairly constant levels are maintained, but 
where there is a tendency toward abrupt changes the problem can 
be fully solved by the use of Calco Radial Gates with Automatic 
Control. The construction and operation of these are fully de
scribed in the Calco Radial Gate Catalog, a copy of which will be 
mailed upon request. 



How successfully the Calco Radial Gate operates to main
tain constant levels may be seen from the reproduction of a 
chronograph showing the record of a week at one installation 
on the West Stanislaus Irrigation District of Westley, California. 

Chrono graph of 
/1 er forma11 ce of 
doum-stream co11-
trol by Calco Au-
t 0111-atic Radial 
Gate on We s t 
Stanislau s Irriga
tion Di strict, W. 
F. W'oolley, Chi e f 
Engineer. 
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of elevation up-
stream of twelve inches. This variation is reduced by the auto
matic control to the comparatively negligible variation shown 
by the graph. On account of the uniformity of the curve, it is 
possible to average the flow with great accuracy. 

This combination makes possible the safe and convenient 
operation of water supply systems with a minimum of labor and 
supervision and a maximum of satisfaction to operators and users. 



Cairo A11tomalic R adial Gate maintaini"g com la11t fc t,el i11 ca11al. 
Calco Slide Headgate at right . 

How to Install the Metergate 
In general, the Metergate is installed in the same manner as 

any other Calco gate of the same type. The most important 
point is to have sufficient submergence at the outlet: six to eight 
inches over the top of the outlet pipe as a minimum. Otherwise 
urge will occur in the stilling well and inaccurate readings will 

result. 
A notch is made with a cold chisel or hack-saw in the stem 

of the gate at a point flush with the top of the handwheel when 
the handwheel is without slack on the stem and the bottom of 
the gate slide is exactly level with the bottom of the inside of 
the gate seat. This is called the point of zero gate opening. The 
amount of any gate opening is obtained by measuring the dis
tance from the chisel mark to the top of the handwheel. 

When the turnout is in use the water stands in one well at 
the level of the water in the canal and in the other at the static 
level of the water in the turnout pipe at a point 12 inches down
stream from the face of the gate seat. The difference in these 
two levels is the head in feet or inches given in the tables. A 
si mple and effective t ype of hook gauge for this measurement is 
furnished (as an extra ) by the manufacturer, or, upon request, 
directions will be given for making it. 

The use of corrugated pipe makes these installations very 
simple. When corrugated pipe is ordered for use with the Meter
gate the manufacturers should be informed so that a %" outlet 
may be welded on 12 inches from the gate seat for connection 
with the stilling chamber. 

For convenience of identification it is well to paint the diam
eter of the gate on the well. 



Calco Slide Headgate 
MODEL 10 1 

To serve as an inlet gate under 
various heads of water up to a 
maximum frame height of twenty 
feet. Useful in controlling the 
flow from reservoirs, rivers, canals 
and ditches. Convenient, Practi
cally Watertight, and Durable. 
How It Is Constructed and Why 

1. All parts are of ca t iron ex -
cept the lifting rod and frame, 
with incidental bolts and nuts. 
The gates and frames are painted 

black. The frames will be 
galvanized before painting, if 
so ordered. 

2. The slide i guided by 
angles in alignment with seat, 
and surf ace of each are 
machined smooth. 

3. Machine-cut threads on 
the stem permit of rapid op
eration of the slide. When 
closed, the lide wedges tight
ly against the eating ring, 
insuring f1rncticnl water
tightness. 

4. The eating ring for slide and frame is securely attached to 
desired lengths of Armco Corrugated Pipe. Structures of a mod
erate size may be shipped complete, ready for installation. 

Armco Corrugated Pipe, while the trongest of cylinders in 
proportion to the material employed, is of comparatively light 
weight, and can be easily transported and handled. Its corruga
tions impart, not only great strength, but a certain flexibility as 
well, which enables it to conform to uch yielding or unstable 
foundations as may be encountered in wet earthen banks. 

Calco SI ide Headgates are often employed on the inlet ends of 
corrugated pipe which have Calco Automatic Gates on their 
outlet ends. This arrangement makes it easily possible to retain 
drainage water on marsh lands when desired for silt upbuilding 
or for pond maintenance and at other times to permit free out
flow, while wholly preventing re-flooding from the river or bay. 

Calco Slide Headgates are made in diameters ranging from 
8 to 72 inches. 

TERMS AND GUARANTIES - Al/ orders J!/a< et/ m oae/J!rd ore sub. 
ire! lo the terms a11d g11ara11/ies appearing in nur principal cc1t alogs. 
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