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FOREWORD

The studies described in this report we’e 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 I 8-in., and 18-in. metergates was authorized
by a contract between the Colorado Agricultural Research Foun-
dation of Colorado A & M 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, Mr. He.M..Chadwick and Mr, Lance
Hansen, engineers for Armco Drainage and Meval Products, Iné.
inspected the installations of the metergates both before and
during testing and discussed the results with Colorado A & M
Laboratory stafl members. Throughout the entire installing and
calibrating of the metergates, consultations with and inspections
by Mr, Tracy were maintained.

Mr. George E, Shafer, Chief Ingineer, Armco Drainage and
Metal Products, Inci, reviewed the preliminary report and made
valuable suggestions toward producing a complete final calibra-
tion report,

- Mry James W. Ball and Mr, Joe Bs Summers, Research and
Geology Division, Ui S+ Bureau of Recldmation, Denver, Colorado,
provided calibration data for the 12«in: and 8~in., metergates
and were very cooperative in the assembly and analysis of the
calibration data and in providing information for the report.

Laboratory staff engineers who contributed to the calibra-~
tion studies were Mr. James R. Barton, who assisted in installing
and testing the [8-in. and 18-in., metergates, and Mr., Chong H.
Zee, who assisted in testing and assembly of the data for the
preliminary and final reports.

The installing and testing of the L8-in. and 18-in, meter-
gates, the assembly of the Colorado A & M College and U. S,
Bureau of Reclamation calibration data, and the 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. Ivans 1s Dean of Ingineering and Chairman
of the Ingineering Division of the Experiment Station, and
Prof, Dean F. Pcterson 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 we asuring device when the calibra-
tion curves are based on accurate experimental data and the
final accuracy desired ig 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 being made on the Beine, 10=ins, 12-in., ll=in.,
16wine, 18-in., 20=in., and 2Lh=~in. gates, with data for the
octher size gates being obtalned by interpolation and extra=
volatione

The Problem

: Recently the manufacturers of the gate decided %o cali=-
brate the largest gate (1i8-ine) to eliminate the extrapolation
and to recalibrate the smaller sizes at the same time, There-
fore, the Armco Drainage and Metal Products, Inc., Hardesty
Divisiony Denver, Colorado, engaged the Colorado Agricultur=’
al Research Foundation of Colorado A & M College in March

1950 to calibrate the 18«in, and 1i8=in, gates, Data obtained
from the tests made by the College and experimental calibram
tion data provided by the United States Bureau of Reclamation
for the 8~in, and 12+iny gates, was analysed and used as the
basis for a report presenting calibration curves for the 8-in.,
10=ine, 12=insy 1l+ingy 15-ini, 16=in,, 18«iny, 20-inyy 21l~in,,
2li=in,, 30=in.,, 36=ini, l2-ini, and };8=ini gatesi

In order to facilitate testing procedure and to inters
polate correctly to obtaln discharge data for gates nob
tested, a complete theoretical analysis of the problem is
essentialy '

Theoretical Analysis

The quantity of flow through an Armco Metergate is a
function of the boundary geometry, the properties of the fluid,
and the flow. The definition drawing gives the essential
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Introduction Theoretical Analysis

dimensions h, a, x4y and D which affect the problem while

the important rluid properties are the density p and the
dynamic viscosity m o+ The flow 1s described by the differ=
ence 1n proessure A p upstream and downstream from the gateg

1f the six variables hy a, x, D, g , and are held constant,
a givel difference in well readings ap should indicate a given
Adiscnarge. The general function may be represented as

¢(na 8y X3 Dy pyps sAP» V) =0 (1)

The foregoing variables may be rearranged through
dimensional analysis into a group of dimensionless para-
meters Tto give the following equation:

¢, (n/a, a/D, x/D, -‘5-23/1-5-, Re) = 0 (2)

Ve/ 2g

ir. these equationsy V 1s the mean velocity in the outlet
pipe, A h 1s the difference in head in the stilling wells,
and Re 1s the Reynolds number VD ,

‘ vV
Egs 2 may be rearranged to give

%;l__ =¢, (b/ay 8/D, x/D, Re) (3)
V= 2g

v =g3 (8/a, /D, x/D, Re) Vogh (1)
By letting the term within the brackets equal the discharge

coefficient Cye the resulting equation is éasily recognized
as the equation for flow through an orifice,

v & ¢ V2ogah - (5)

To compute @ 4 the conblinuity equation 1s used so that

Q = av = ac VZamm (6)
where G =@y (h/ay a/b, x/D, Re) o

If x/D 1is held constant,
c =¢u (h/a, a/D, Re) (8)

The final equation for determining @ in terms of Ah,
therefore, is Eq, 6.

The equipment and procedure used for evaluating the
foregoing functions are presented in the following chapter,



Chapter II
EQUIPMENT AND PROCEDURE FOR TESTING

[

ine Tacilitles of the laboratories selected for cali-
brat. ng the Ar.acs Metergate Model No, 101 included all of
those nenersary for complete testing and analysise. The L8-ine
pats rag tested at the Bellvue Laboratory, Colorado A & M
College., where the large flows provided by the Cache la

Poudre River were available, The 18-in, gate was tested in
the Tycraulics Leboratory, Colorado A & M College, while the
-in, &and 12-in, gates were tested in the Hydraulics Labora-
tcry of the U, S. Bureau of Reclamation, Denver, Coloradoe

LB8=in. Metergate

The calibration tests on the 118-in. Armco Metergate were
cdcne by staff members of the Colorado A & M College.,. The
installation for testing was located at the Bellvue Labora-
tory which is situated on the Cache la Poudre River about
eight miles northwest of the College campus. - Figs. 1, 2, 3,
and L. 1llustrate the experimental facilities used in the
testing., During the spring runoff when the river is high,
diversions of 100 cfs or more can be run through the 1l-ft,
wlde concrete flume, but as the river recedes, the flow
that can be diverted decrcases, Tests on the high flows
through the gate were run in late June when the maximum dis- -
charge was limited by experimental set=-up to about 63 cfs..

Measurement of the discharge:- All discharges were
measured by a 1b=ft rectangular sharp-crested weir at the
end of the flume., The weir was calibrated at high flows by
carefully performed current meter tests, while for discharges
below 17 cfs the large weir was rated by use of a small L-ft
welr which had previously been calibrated volumetrically in
the hydraulics laboratory on the campus, The tests for
small discharges were made by Mr Carl Rohwer and .Mr. Ralph
Parshall,

The current meter measurements were made with a Price
Current Meter which was rated in May 1950« A total of three
measurements were made for discharges of approximately
60 cfs, 50 cfs, and L0 cfs. Measurements were made at 0,8
depth and 0.2 depth in each vertical scction and vertical
sections were taken cvery two feeb across the 1l-ft rectangu-
lar flume, The velocity across cach section was falrly uni-
forme In determining the velocity at a point, sufficilent
time was taken so that minor variations resulting from
turbulence were assumed to be averageds. . Several measure-
ments were rcepeated at each point to meke sure that the
independent mecasurements would check each other. In most

-3 -



Equipment and Proccdure for Testing L8=in, Metergate

cases the individual mcasurements checked within one per=
snt, The current meter mcasurcments invariably fell with=-
in ¢ne pcercent of the valuce determined by applylng the
Fraieis Jcrmile to the 15-f% welr, In fact, the calibration
ciuncksd the Trencis formula

3.33 L{(H + ) 3/2 hy 3/2

so closcoly that a rating table based on this formula was
ased for e«ll discharges above 20 c¢fs. For flows less than
20 c¢fs the rating table preparcd by Parshall and Rohwer was
used,

Measurement of the water surface elevationst= The water-
surfscc clevations were measurcd at three points where the
flow was cssentially uniform, Iach well was equippcd with
o Lory ncok sage for determining the watcr~surface clevations,
I70 of these wells, Noss 1 and 2, were installed about 10 %
upstream from the welr, one on each side of the flume for
determining the head of the weir, By the use of a surveyor'!s
level, tho zoere of cach gage was found using the crest of the
welr as a refercnce datum, Well No, 6, installed about 16 ft
upstream from the me tergate in the flume was refercnced to
the bottom invert of the gate by using the surveyorls levels

For high flows the maximum and minimum water-surface
clevations in cach well were recad about four to six times
during a run{ Maximum and minimum watecr-surface clevations
werc detcecrmined by obgerving the water surface and following
it with the hook gage so that when a maximum was rcached the
reading was rccordedsy The hook gage point was then made to
follow the surface until a minimum was attaineds, This pro=-
cedure was repeated four to six times during a rune For the
low discharges the water-=surface elevation was essentially
constant; and only single rceadings were recorded about four
to ten times during each run, When small variations were
noticedy 1t was necessary to use more independent readings
so that the average of the total number of rcadings approached
the truc averageé

Measurement of the piczometric heads:~ The thrce wells
which moasurcd the wiezomctric hoads woere located in zones of
acceleration or in scparatlon zoncs so that the watcr-surface
c¢levation in the well reprcscnted a pilszometric head and not
an actual watcer surfaccs Since the water surface in a well
fluctuated quite rapidly snd sonetimes varicd over a range
of one tenth of a Toot, more rcadings were rcecquired to approach
the corrcct average valuo. For high flows, as 1in thec case of
water-surface clovation detcrminations, the maximum and minimum
clevations were measurcd for approximatcely four to six cycles

..)_1_..‘.



Touipment and Proccdurc for Testing 38-in. Mctergate

ol water surlace fluctuation, The average valuecs of the maxi-
s oand wminimem i a well were averaged in furn to give the
fiuel sretsosurface clevation to be used in the calculations.
“Her low flovs 20 to 59 simialbtanzous readings were taken at each
n. the *rres wells and the water surface clevations were calcu-~
lated so that one indicated the hesd at a point just upstrpam
“rem the eavrance to the pipe, orie at a point on the pipe 12 in.
from the entrance, and the other at a point of x/D = 2/3 or 2.67
ft. downstr-am from the entrancec. Ths well at x/D = 2/3 was an
cxperimental cne while the one at 12 in., was the well actually
uscd in the celibration of the gate,

It is bclieved that sufficient care was taken in the rcading
of the fluctuating water surface§ to assurc a high degree of
a~curacy in the values of piezometric head determined,

18~-in. Metergate

The calibration tests on the 18-in. Armco Mctergate were
areo made by staff members of the Colorado A & M College. The
irstallation for testing was located at the Hydraulics Laboratory,
Jricrado A & M College. Fige 5 illustrates the cxperimental
facilities used in the testing. Flows up to 8 c¢fs were provided
by a 20 horsepower propeller-type pump through a 1lli-in. pipe.

Measurcment of the Discharge:- All discharges were measurecd
by a 10z-in. orificc plate which had been carcfully calibrated
in place several months prior to testing. The orifice calibra-

tion which was under the dircct supervision of Dr, Maurice L,
Albertson, utilized large volumectric tanks located below the
floor lcvel of the laboratory. This calibration duplicated the
results to within one percent of a previous calibration conductcd
by Mr. Carl Rohwer and Mr. Maxwell Parshall in 1942, The range
of calibration was from 1 c¢fs to 8 cfs, which included all the
flows utilized in testing thc 18-in. metergate hence none of the
required metergate calibration data was based on cxtrapolated
flow valucs.

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

Two wells were used to measurc the piezometric head difs
ferencc across the metergate opening. One well measured the
head at a point just upstream from the entrance to the pipe and
the other well measured the head at a p01nt on the pipe 12-in,.
from the entrance. Since x/D = 2/3 is identical with x+« 12 in
for the 18-in. mctergate, the latter well was identical with
the third experimental well, set in each case to measure the

-5



HWauipment and Procedure for Testing 12-in. and 8-in. Metergate

piczemetric head at x/D = 2/3, uscd on the other sizes of
motorga“oet°~+od, By the use of = GMPthor" level, the zero
ol eac rug? wee Iound teing the bottom ‘nvort of the gate as
a vefcreies ‘.th,

Float indicators, which helped to damp the fluctuatloBG,
were uscd in the two wells for decormining the water-surface
clevations, For cach test 20 to L1700 recadings, the number
depending c¢m the amount of fluctuaticn, were taken simultan-
cously at each well, The readings werc spaced approximately
two seconds apart,

12-in, and 8-in. Mctergates

The calibration tests on the 12-in. and 8-in. Armco Meterw
gates were supcrviscd by Mr. James W. Ball and conducted by
13n Joc B. Summers, Rescarch and Geology Division, U. S. Burcau
oo heclamation, The installation for testing was located at
tn> HEydwaulics Laboratory, which is under the direction of
V=, Harold M, Martin, U. S. Burcau of Reclamation, Federal Cen-
g, Denver, Colorado. Figs. 6 illustrates thc experimental
facilitics used in the testing., Flows from 0,34 cfs to 7.27 cfs
were provided by the laboratory pumping system.

Measurement of the Discharge:- The dischargcs were mca-
sured by | banks of calibrated Venturi meters, L-in., 8-in.,
10-in., and 12-in., located in the feeder line to the head box;
The sizc of Venturi meter uscd was determined by the quantity
of flow desircd.

Mecasurcment of the piczometric hecads:-~ The piczometric

hecad differences across the metergatc openings werce measured by
plozomotors in most cases, 10-in., wells being usced occasionally
for comparison purposcs. While piezometers were tapped into

the top of the pipc at many points, for both the 8-in, and 12-in.
gates, one pieczometer in cach casc indicated the hcad just up-
strcam from thce entrarnce to the pipe, one indicated the head at
a point on the pipe 12«in, from the entrance, and a third cxperi-

ental piczometer indicated the piczometric hecad at a point on
the pipc of x/D = 2/3, or 0,667 ft, in the casc of the 12-in,
gate or O.hlyly £t. in the case of the 8-in. gatc: downstream from
the entrancc. TFig. 6 shows a partial dctail of the location of
piczomctor taps in the 8«ini installation.

The piczomcters werc connectod to a central manomecter bank
which was scalcd to 0401 fts of watcr; rcadings to the closcst
0,005 ft. werc casily cstimateds Since fluctuations in the
piczometers wore damped to a labge extent by c carborundum disks
set 1n the leads to the bank, approximatcly ten rcadings of
each piczomcter were considercd sufficient to give an atcurate
test average.

-6 -



Chapter IIX

PRESENTAT1ON OF DATA

The zcoerimantal data, cee Tables 1, 2, 3, and L, were
reducal w2 wltular form by gravhical nrocesses explained and
iilustreted “n the following discussion. The graphs were made
o>n logaritiucic scales to provide a practical means of plotting
she data war.h cover a wide range cf values; furthermore, as shoun
w7 Eg. 6, it vas anticipated that ihz locus of experimental pointe
plotted in “1ifs manner would closely anproximate a straight line.

The plonting of the experimental data for the L8-in., 18-in.,
12-in,, and d8-in, gates as discharge versus difference in head
Jor various gate openings resulted in plots which were straight
~ines for relatively high values of Ah but which deviated from
viie straight line for the lower values of Ah, for example, sce
“lg. 7. Since 1t was necessary to interpolate for the inter-
~wudlate gate openings and gate sizes to complete the tables, 1t
rac degirable to study the data to learn the causces of the devia-
sien and the points of deviation, Therefore, (as suggested by
st anniysis in Chapter II) plots werc made of the discharge
cosffi-cnt € versus the relative head on the gate h/a with
tl.e reletive gate opening a/D  as the third variable, see Fig. 8.
Mi¢ porotive location of the downstream well was kept at a con-
stent value of x/D = 2/3. After carceful examinabion of tho
data, it was concluded that for the L8-in., 18-in,, 12-in., and
d-in, gates there was no consistent affect on variation of C
occause of variation in h/a, Plots:of C versuz Re with a/D
as the third variable and x/D constant at 2/3 were made next
for the 18-in., 18-in., 12-in,, and 8~in. gates and the cause
for the deviation at low discharges becamec apparent at onces
With small head differences and corresponding relatively low
valucs of Re, the discharge cocfficient € - increased as Re
deccreased for all gate openings for the L8-ini gate; increased
for all but full gate openings, where ¢ stayed constant for
the 18-in. gate; increased for all gate openings below a/D = 0.9
whore € stayed constant and then decrecased for larger gate
opcnings for the 12-in, gates and € increased for all gate
openings below a/D = 0475 where C stayed constant and then
deccrecased for larger gate openings for the 8-in, gate.

Sincc head differences for the well at x = 12-in, correlate
well with head differences for x/D = 2/3, it was decided to
plot ¢ vcorsus Rc with A/D as the third variablc based on
head diffcronces using the well at x = 12.in. Correlations
between the U8-in.,, 18«in., 12-in., and 8«in., gatcs were con-
sistent with varying a/D values.

From the sbove graphs a plot was made of C versus a/D

for high valucs of Re, for constant ¢; and with gate size
as the third variable, sce Fig. 9, A sccond plot for high values

-7 -



Prosorvetion of Data

of Re was meds for C velsus gete size with a/D as the third
veriable, This plict tras utilizca to adjust the curves in Pig. 9.
Ti.e adjusbed coree, which were uscd ve obtain the constant
cocfficienty of uischarge ¢ for melergate sizes not tested,
Titted the vrperimental data cxenpt for a fow casces where tho
adjusted curie values deviated slight’y from the average test
data,

To obvouir tae final plots Jrrm walch tabular values could
be commuted; ¢ was plotted agaiist ke with 8/D as the
third variable, for the 8-in., 18-ia., 12-1n,, and 8-in, meter-
gates, Figs. 10, 18, 21, and 23. Poinuvs of constant ¢ with
minimum Rc¢ were connccted as shown by broken lines in Figs,. 10,
17, 21 and 23. From Fig. 9, C values werc obtained and plotted
on Figs. 10, 17, 21 and 23 for intcrmecdiatc gatce openings not
toested., The remalning portion of each curve (low Re) wag inter-
nolated betwoen the calibratced curves. Figs. 11, 12, 13, 1k,
15, 16, 18, 19, D and 22 are final ¢ versus Roc plots
obtained for the l2-in., 36-in., 30-in,, 24-in,, 2l1-in,, 20-in.,
16-in., 15-in., 1llh=-in., and 10-in. mctergates (which were notb
tested) by a scrics of intcerpolations: constant € values were
obtained by interpolating bctween the adjustcecd calibrated curves
for the LB-in., 18-in., 12-in., and 8-in. metecrgatcs as shown
i Fig. 95 locl of constant € with minimum Re wcre obtained
by intcrpolating between similar curves based on *cst data in
Figss 10, 17, 21 and 23; and the remeining portion of ecach
curve (low Re) was casily obtaincd by interpolating between
the portions (1ow Re) of the calibrated curves whosc slopes
were found to vary uniformly betwcen gatc sizes and gatce openings.

In order to provide a dirsct solution for obtaining tabular
valves rrom the final plots, a third grid system, which was
hascd on the dimcnsionlcss parameter, DaAhg/v 2, obtained by
roarranging the variables in Eq. 1 through dimensional analysis,
wag addcd. In gencral, to find the discharge Q for a given
hcad difference A\h, for a given sizec metergate, and a given
gote oponing, the following proccdurce can be utilized; solve
the dimensionless parameter D2Ahg/u 2 by substituting the ‘
pipc diemcter in ft. for D; the given hecad differencc in ft. for
Ah; 22,2 £t por scc. per secs for acccleration of gravity g;
and 1.2% x 10~ sq. ft. per scc., bascd on a temperature of
60°F selocted as the average condition for the Uniped States,
for kincriatic viscosityvy . With this valuc for Dzthg/u 2,
entor the figure which applics for the given gate size, and fol-
low down the proopcer sloping line to the left until thce curve
representing the given gate opening is intersccted., Finally,
drop vertically down from this point, to recad the value of
Reynolds numbcr R¢  from which cithcr V. or Q may be com=-
putocd by thhz following cquations:



ntation of Data

8
. . T . oL
Fe = =2 = 0,02x10- VD
g
ur

; ~
Ro= B Q= 10504300
¢ W VD

U ikQ

From Fig. 10, utilizing the obove method of computation,
Table 5, Discharge Data for j8-in., Armco Motcrgate was tabulated. .



Chapcar IV

DISCUSSTON OF RESULTS

Lithovgr An, & facluded Royrnclds nuamoer Re, 1t was belisved
el the outset that the influence c¢i tre relative head on the gate
i/a was greatss thian the influencs nz Re and therefore the
first analyticiy plov made, Fig. 8, wes of discharge coefficient
¢ versus hya with the relative gsie opening a/D as the third
variable. hLowever, close examinatiow revealed a scattering of
the points at iow discharges demonstrating that some variable
cther than h/a was of paramount importance. Fig. 52 of Ele=-
mentary Mechanics of Fluids, by Hunter Rouse, substantiates the
r'cregoing conclusion in that the corresvondingly smallest head
or. the ozifice results in a deviation of 1.0% from the constant
¢ »nf G.Hlw :

The second analytical plot, € versus Re with 2a/D as
the <third variable, resulted in no appreciable scatter of the
data and yielded consistent trends demonstrating that Re was
an impcrtant variable., This was substantiated by the fact that
tesn cdatva followed the same trend in spite of varyiang the rela-
tive head h/a on the gate for successive teste. Figs. 10,

17, 21 and 23 shew these consistent gradual trends of C as

e decreases for all gate openings for the L8-in., 18-in.,
iZ2-1n., and S8-in, metergate, the slopes varying consistently in
all cases. Thc Reynolds number effect is due to the extent of
duveropment. of the laminar sublayer at the entrance which in turn
influencecsg the separation point and the size and character of the
soparation zone downstream., The Reynolds number effcct will vary
witn gatce size having the greatest effect on the smaller size
gatss, sinee, while the radius of curvature of the leaf of the
gate remains practically the same regardless of the size of the
‘gate, the relative radius of curvaturc will become larger as the
gate size becomes smaller,

Aside from possible variations in gate castings and settings,
the discharge data, Table 5, obtained from Fig. 10 and the dis-
charge data which can be obtailhed for the other size gates from
FPig=, 11 through 23, are accurate to within approximately T 39%;
howcver, the table is bascd on a water temperature of 609F, which
was assumcd to be an average for the United States, and utili=-
zation of the tables with a deviation in watcr temperature of .-
* 200 may cause an additional + 1% error. Thus the data are
accurate tc I L% ot the maximum deviation. This deviation may
be found orly under cxtreme condltions and under most conditions
the maximum deviation will be only T 2%,



Discuassion of Results

Fer the U8-in, meterzute a2 comparison of discharge data
revaaled “hat fur relaitively hingh disckharges through the 2-in.
geto cpeatug, the Frosne ourvss read 28% high and for relatively
hign discharges through the Zi~In, g.vc opening thelr curves
read 18% Low. Corrispeoniing diffcrsarcs oxisted for other gate
csizes.



Charver V

CONCLUSIONS AND RECCGHMMUTTDATIONS

Trhe calfbraticn curves for the U8-in.. 18-in,, 12-in., =nd
fedin, mctu“g tea ere based on accurats experimental data., Whiic
the romein’ng zalibration curves ¢ She g2-in., 36-in., 30-in,.,
Zh=ine; 21-ir. . 1l-in., 15-in., il~in., and 10-in. mctergates

arc based on inu.;poLauod data, the wumarkably consistent rela-
tionships and otrcnds between the curves based on test data indi-
nutes that the 1luterpolated curves should be of an accuracy
~to°e7y apprcaching the accuracy of the cqllbratLon curves

cesed on tost data,

Tre Armco Mctergate Model No. 101 is highly suitable as
a ccnbtrol and standard measuring device with utilization of
the calibration curves, Figs. 10 through 23, if the final
accuracy desired is not greater than that permitted by the
nermal variation in gate castings and settings.

Az can be seen from Figs. 10, 17, 21 and 23, the portions
nf the £ versus Re curves (high Re), which are horizontal
ny indicate ¢ constant value of (€, fit the test data very
slesely; nence, iv is recommended that with a given metergate
anc for a required discharge the gate opening be regulated so
chat the operation takes place in the zone (high Re) to the
rignt of tno broken lines, Figs. 10 through 23, which connect
noinbs of constant € with minimum Re.

It ig also recommended that the calibration data obtained
crom the above study be used for metergates whosc settings do
n~t vary greatly from the installations used in the testing
p;ogram» see Figse. L, 5 and 6.

- 12 -
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Table 1

Experimentel Calibration Data for L8-in. Armco Metergate Model No. 101

Opening Q Ad in ft. ah in ft. h/a C Re
of Gate cfs x = 12" x/D = 2/3 x/D = 2/3

148" 60,29 0.982 0,720 2,020 0.700 12,88x105
15,58 0.67L: oSl 1.880 0.690 10.67x10°
2l 0,485 0.359 1.779 0.701 9.06x10°
2570 0,300 .212 1.696 0.725 7.19x10°
| 21 lE 0.123 0,08l 1.596 0.743 I 65x105
36 58,26 1,078 1,037 2,688 0.566 12.143z105
26,17 1,009 0.968 2.651 0.565 12,02x105
39,02 0.196 0.467 2.349 0.566 8.35x10°
.63 0,067 0.059 2433l 0.597 3.12x10°
ST 0,063 0.05L 2,050 0.608 3.04x10°
2NN 0225 0.203 2 167 0.580 Z.6Lx10°
o)t 33,03 L0 1,537 L OLY 0.L2l 11,33%10°
SR 0.579 0,559 3,165 0:l2n 6.95x10°

sTa*e “rom Coleorado £ % I Ocllegs - 8 £+ ccrrugated pipe irnceinding L £
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Table 1 (continued)

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

Opening Q Ah in ft, ah in ft. h/a c Re c
of Gate cfs x = 12" x/D = 2/3 x/D = 2/3 x = 12"
2L 2C5.17 | 04350 04349 34303 0.422 5.39x105 O.h21

15,82 04137 0.140 3.562 0.419 3.38x105 0.l2l

10,12 0,052 0.050 3129 0.488 2.16x105 0441

16" 13407 1.933 1.956 6.100 0.305 9,20x105 0.307
32,146 1.103 1,110 5,480 0.30L 6.93x105 0.306

21443 0.1479 0.482 L.970 0.314 l.59%x10° 0.307

17.48 0.316 0.318 1..820 0.306 3.73x10° 00308

8.05 0.063 0.061 5.100 0.322 1.72x10° 0,317

g" 25,02 2,258 2.255 12,26 0,165 5.36x105 0,165
LT 0,810 0.810 10.1.3 0.168 3.26x105 0,168

Se37 0.30L 0.300 10050 0.169 2.00x10% (o168

NG 2,110 0,114 10.2L 0,170 1.2Lx105 SN

2,60 0,0l 0.0l N 0,171 0.77219° o170
e il 2,107 2105 085 0. 0827 2,61x105 0. 0A3L
Bald Ua9iS 0,510 22,60 Us03116 3. 75x105 9,08L5

Tl 0355 o33k 20,28 C.0E55 1,09%x105 0.0850

e SRR ool 17,17 01,0867 0.423x105 0.0852
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Table 1 (continued)

Experimental Calibration Data for L8-in. Armco Metergate Model No. 101

Opening Q 4h in ft, Ah in ft.  h/a c Re
of Gate cfs x = 12" x/D = 2/3 ~ x/D = 2/3
o 6,01 24417 2417 19,00 0.038} ‘1.29:&105
1198 1.629 1.630 L} 20 0.0338 i.oexloS
3433 0,710 07095  37.75 10,0393 0.711x105
2,57 0ul412 0.4135  35.05 0.0397 0.550x10°
1okl 0,117 0.1175  31.40 0.0L.09 0.301x105

o
X-z 12"

0,0383
0.,0387
00391
0.0397
0009
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Experimental Calibration Data for 18-in. Armco Metergate MModel No. 1013

Opening Q

of Gate

18"

13 1,/2" 2014

i

8,01
6:96
6.2l
6423
5.8l
5:15
L.L6
3478
225

Ty B Rt
WA E ?\_- AL TOTN

e N L o BN
ORI AL i

SOTTMOENNNIT g co W

cfs

Table 2

Ah in Tt.
X = 12"

0.570
0,406
0.315
04311

Ah in ft.
x/D = 2/3

0,281
0.212
0.171
0.126
0.0L46
0.038
C.05L
", 051

0,006

Cognrsin A & M Colinre

-~ L [ s b - PR N
5o/ % 03 ddenticar Welil X o=

-6 f

T,

h/a x/DC=
2,020 04749
1.862 0,768
1.750 0.78L
1.7h4 0789
1,697 0.779
1,602 0,787
1,842 0. 76k
1,590 0,749
1,380 0.742
2.210 JaT49
2,470 0.653
1.253 n_ 655
2,980 U. 651

M

12

corrugated vipe

7

VA L= & Hle

2/3

et lcal wich

Re

5.91x10°
5.13%10°
L.61x10°
I, 60x105

lL.31x105

3.81x10%

3.30x105
3978X105
1.66x105
1.53x10°
1.59x10°
1.55%102

P
LIRS

C
x-= 12"

Vel 1€5  Li.



-} -

Table 2 {(continued)

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

Opening Q
of Gate cfs

CAN 6.96
6.28
6.24
5.03
3.77
2454
1.57
3" 2.80
2.62

aAh in ft. 4ah in ft,
x = 12" x/D = 2/3

oy

1.120
0,920
0.92h
0.601
0.338
0.149
0.058
1.242
1.072
0.89L
0.626
(. 388

%

h/a c Re ¢
x/D = 2/3 x = 12"

6.582 0162 5.13x10° -
6.138 0.461 I .63x105

RN 0.456 l.61x10°

5,182 0.156 3.71x10°

5.542 0.1456 2.78x105

2.896 0.1L6k 1.88x10°

lL.526 0.1459 1.16x10°
13,36 0.177 2.07x10°
13.00 0.179 1.93x105
12,3C 0.177 1.75x10°
1 0.175 1.45x10°
00 N 179 1,17x1.05
11, 4l 0,135 0.9665.02

PPN C.106 0,8672107

2,004 7.1h3 C.87241C°

1

2%, valuco ave

Zceaticecd with valuss ina
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Experimental Calibration Data for 1l2-in. Armco Metergate Model No. 101

Opening
of Gate

12"

9"

8"

3+ Data frow U.

Q

cfs
T.27
6,14
5.08
3.98
3.85
2.95
2.31
2.02
L6l
Iy 26
346l
2.98
2.12
1.2l
L.23
1.18
3.1k

Ah in ft.
x = 12"

2.13
1.60
1+06
0,66
0459
0.37
0.25
0420
1,16
0.98
.72
0.49
0.2l
0,08
1.18
1.17
0,67

~

! D]
v 2ureaun

O

Table 3

42/%n=f§73 h/a
2,28 .23
1,66 3.5L
1.19 2.837
0,77 2.32
0.60 2.1Y
048 1.98
0.28 1.75
0,22 1.76
1.39 .12
1.28 3a Ll
0.85 3.07
0.57 2.69
0.29 2.35
0410 2,09
1;21 4. 02
1,22 .38
0.69 3.29

f Reclema®

ion = 2 ft, ccrrugzals

e

X/D = 2/3

0.755
0.739

0,720

0.789

04677

0.69L
0.685
0.62}
04598
0.627
0.626
04625
0.623
0.610
0.603
0,603

[o

oy
Ao g

Re

8.80x105
7.4lx10°
6.16x105
li.82x10°
I 66x105

13,58x105

2.81x105
2.115%x10°
5,62x10°
5,16x10°
L.L1x105
3.61x10°
2.57x10°
1.50x105
5.15310°
5.06%10°

3.80x10>

£ ns

x = 12"
0.788
0.767
0.780
0. 77l
0.793
0,768
0.732
0,714
J2.682
0.679
0.679
0.675
0,H6c
U.69l
D.016
0.612
0,608

. owoothh ripe
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Opening
of Gate

8"

6"

)4'"

2”

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

Q

cfs
2.73
1.92
2. 63
2463
2.16
1.86
1.55
2430
1.52
1.22
0.76
2. 08
1.3
0.93
0.72
0.6l

0.51

x = 12"

0.48
0.23
0.7hL
0.73
0.50
0.35
0«20
1.20
0.148
0,30
0.11
3.38
1.63
0.65
0436
0.29
0.19

Table 3 (continued)

Ah in ft.

x/D =
0.50
0.26

2/3

h/a

2498
2.61
L.70
L4550
1,00
3«70
3.50
9409
6.90
6,16
5.16
29450
19.80
13.70
11.50
10,50
9.12

C
x/D =

0,613
04598
0.478
0,476
0.470
0.4466
0.4.56
0.329
0.31L
04332
0.360
0.179
0.176
0.185
0,169
0179

0,191

2/3

Re

3.31X105
2.32x10°
3.19x1%°
3,19%x105
2.61x10°
2.25x10°

1.88x105

2.79x105

1.8lx105
1.48x105
0.920x10°
2.52x10°
1.73x105
1.13x105
0.873x105
0.777x10°

0.620x105

x = 12"
0.625
0.635
0.486
0.4,89
0.8l
0.499
04502
0.333
0.348
0.353
0.353
0180
0.178
0.183
0.191
0.189
0,186
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Opening
of Gate

8"

7"

% Data from U. 3. Bureau of Reclamation - 20 ft. corrugated pipe

Q

cfs
2.3k
2,31
2,02
1.82
1.81
1.56
1.52
1.43
1.442
1.11
1.10
0.87
0.81
0.73
2. 2L

1.87

Aah in ft,
x = 12"

1,08
1,02

O.72

Table U

Ah in T
x/D =

1,09
1.05
0478
0,68
0471-
0,48
0.42
0.1
0,26

te
2/3

h/a

6406
5.76
L. 67
u.56
.09
3.75
3.16
3.3L
l4.85
2.25
g.éé

6.51
L.91

X/Dgz 2/3
0.801
0.805
0.821
0.791
0.768
0. 78l
0.788
0.792

0.779
0.803

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

Re

4403x10°
L., 00x10°
3.50x105
3.16x10°
3.15x105
2.71x105
2.6l x105
2.19x10°
2.M7X105
1.93x10°
1.91x105
1.51x105
1.41x105
1.27x105
3.891105
3.25%x10°

C
x = 12"

0.30l
0.317
0.311
0.300
0.789
0.796
0.782
0.806
0,802
0.793
0.803
0.777
0.772
0.786
0.800
0.787



Table I {(continued)

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

-\t -

Opening Q Ah in ft. ah inft,  h/a c Re
of Gate cfs x = 12" x/D = 2/3 x/D = 2/3
7" 1.70 0,59 --- L1420 - 2, 95x105
1.4 0.3 ——- 3.38 - 2.50x10°
1.19 0.31 -—- 2.72 —-- 2.06x105
1.05 0.23 -——- --- —-- 1.82x105
0.97 0.19 .- 2,12 -— 1.68x105
0.97 0.20 -—- k.27 - 1.68x105
0.87 0.17 - - —- 1.51x10°
0.81 0.1l - ——- ——— 1.41x10°
0.81 0.1l -—- - ——- 1.41x10°
0.69 0.10 _—- _—- —— 1,20x10°
6" 2.1h 1,10 1.36 7.48 0,653 3.72x10°
1.83 0.79 0.98 5,78 0,661 3.18x10°
1.65 0.65 0.80 3.02 04663 2.87x10°
1.4l 0.51 0.6l L. 26 0,613 2. 50x105
1.20 0.38 0.48 3.52 0.622 2.08x10°
1.10 0.30 —- ——- - 1,91x10°
0.97 0.22 0.27 3.58 0466l 1.69x105
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Opening
of Gate

6"

5"

L""

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

Q

cfs
0.97
0.80
0.80
0.76
0,69
2.1l
1.78
1146
1.16
0.96
0.85
0.81
0.76
0.70
0.63
0.62

1.99

Ah in Tt,
x = 12"

0,22
0,155
0.155
0.1k
0.12
1.440
0496
0.66
0.L1
0.28
0.21
0.195
0.17
0.1l
0.11
0.11
179

Table I (continued)

Ah in ft,.

x/D =
0.28

2/3

h/a

C
x/D =

/3

Re

1.69x105
1.39%10°
1.39x10°
1.32x10°
1.20x10°
3.72x102

3.09x105
2.54x10°

2,02x105
1.67x105
l.h8x105
1.1x105

1.32x105

1.22x10°
1.09x105
1.08x105
3.M6X105



Table It (continued)

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

- T ~

Opening Q Ah in ft. ah in ft. h/a C Re
of Gate cfs x = 12" x/D = 2/3 x/D = 2/3
L 1.73 1,36 1,60 10,59 0,190 3.01x10°
1430 0476 0490 7.41 0,189 2.26x105
1,15 0.58 0.69 6436 0,496 2.00x10°
0.94 0439 0.47 5.16 0,487 1.63x105
0.89 0.35 S ——- - 1.55%x10°
0.7k 0.23 0,28 L.11 0.500 1,29x105
0473 0.23 -—- --- - 1.27x10°
0.66 0.18 - ——- ——- 1.15x10°
0.57 0.13 - - ——- 0.990x1.0°
0.51 0.10 - - --= 0.886x105
0.51 0.10 ——- S ——- 0.886x105
3 1.78 2.21 _—- 16.60 ——- 3.09x105
1,15 0.90 - 8.68 - 2.00x105
1.06 0.79 _—- 7.96 _—- 1.84x10°
0.91 0.58 - 6,56 _— 1.58x105
0.80 0.1yl - -—— - 1.39x105
0.69 0.33 --- - - 1,20x10°
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Opening
of Gate

3"

2"

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

Q

cfs
0465
0.58
0.53
0.51
0.46
Oelil
0.97
10,93
0,89
0.80
0,66

Ah in ft.
x = 12"

0.27
0s22
0.18
0.17
0.13
0:10
1.32
1.25
1.23
0491
0.62
0456
0.55
0.28
0.2
0,18

0,1l

Table I {continued)

Ah in ft.

x/D = 2/3

h/a

C
x/D =

2/3

Re

1.13x105
1.01x10°
0.921x10°
0.886x105
0.292x10°

0.715x105

 1.68x105

1.62%x105
1.55%10°

1.39x105

1.15x105

1.11x10°
1.08x105
0.781x105
0. 730x105
0.660x105
0.590x105

C

x = 12"
0.4

O;hué
U453
Ol
0.456
0.1163
0.302
0.297
0.287
0,300
0.300
04307
0,299
0.301
0,306
0.320

O
N

Ao
)
1
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Opening
of Gate

2“

Table I (continued)

Experimental Calibration Data for 8-in. Armco Metergate

Q

cfs

0. 3L
0.33
0.28

Ah in It

x = 12"
Oc&u)_{_
0.1l

0.10

Ah in ft,.

x/D =

0.16

2/3

h/a

10.98

C
x/D = 2/3

0.30L

Model No. 101

Re

0.590x10>
0.57hz10°

0.186x10>

1L O

>

Yot~
Jy LD

2.319

3,325

ny



Table 5

Discharge Data
"13-ir., Armco Metergate Model No. 101

cad T 7T Tie% Gate Opening Inches
n 2. 2z .3 3z 4 5 5 bz 5
cbes Discharge in Cubic Feet per Second

1 1,19 1.51  1.85 2,21 2.52 2.8L  3.15 -3;u5 3,75 L.3b
11,32 1.69  2.06 207 2.80 3.16  3.50  3.83 L.18  L.8l
13 1,b2  1.67 2,25 | 2,70 3,06  3.,4L 3,83 L.19 L.55 0 5.2¢
12 1,50 2,00 2,43 2,91 3.29  3.70 1413 .50 L.90  5.7C
2 1.65 2,12 2,59 3,10 3.52 3,95 L.40  L4.80  5.2L 6.0
x 1,75 2.2k 2,74 3,29 3,72  Le20 L4.66 5,08 5,56 6.l
5 1.8l 2,36 2,89 3,47 | 3.92  LJh2 L.92 5,36 5,87 6.8
ag 1,93 2,48  32.02 3,63  L.11 l.6l  5.16 5,62 6,1 7.1
3 2,01 2,59 3,15 3.7 L.29 L.85 5,39 5,86  6.40  T.L
3z 2.09 2,69  3.27  3.94  L.L45 5,05  5.60 6,10 6,66 7.7
3 2,17 2479 3,39 L.08  L.,61 5,23 5.81  6.33 6,89 8.0
3& 2.2  2.88  3.51  L.22  4i77  S.40  6.02  6.56  7.12 8.
i 2,31 2.97  3.63  L.36 .92 5,56 6.22 6.79  T.35 8.5
bF 2,38 3,06 3,74 L9 5.07  5.71 6,40 7.00 7458 8,8
L& 2.4l 3.15 3.8 L.62 5,20 5.87 6,58 7,19 7.81 9.0
L2 2.51 3.2k 3,94 La7h 5,33 6,01 6.76  7.36 8,03 9,3l
5 2.57 3,32  L.05 L.&5 5.6 6.18 5,93 7,55 8,23 9.t
55 2,68 3.4h7  L.23

—

{g 07 So 73 60)_‘_8 7(_}&)}_! ’-,/ lg??« 8@63 lO(' O)

B e
6 2.79  3.62 L4l 5,29 5.97  6.75  7.55 828 9,01 10.l;
6 2,90 3.75 1,59  5.51 £,20 7.02 7,86 . £.62 9,38 10,9



Tablec 5 (continucd)

Gate Opening Inches

ad Net
;ges = 2%150ha%g§ in gébic Fget perbr_gecond5 = : ?
7 3,00 3,90 L.76 5.72 6,43 7.28 8,16 8.95 9.7h 11,37
7% 3,10 L.OL Lo92  5.92 6,66 7.54  B8.54  9.25 10,09 11,72
3 3,20 L.16 5,08 6,10 6,88 7.79 8.73 9.55 10,41 12,11
85 3.30 428 5,22 6,27 T7.10 8,02 9,00 9.85 10,73 1l2.48
9 3.40  L.LO 5,37 by 7.30 8.25 9.26 10,13 11,04 12.8%
9%  3.49 L.52  5.52  6.61  7.50 8,48 9.51 10,41 11,35 13,20
.0 3458  L.63 5.67 6,77 T.69 8.70 9,76 10,69 11,6l 13.53
1 3,7k .85  5.94 7.10 8,05 9,13 10,23 11,20 12,20 1L.19
2 3,90 5,06 6,20 7.42 8,41  9.53 10.70 11.71 12,76  1l.BL
.3 1.05 5.26 6,43 7.72 8.75 9.92 11,12 12.19 13.30' 1547
;i .20  Lei6 6,66 8,01  9.08 10430 11.5L 12.6L 13,78 16.0:
5 .35  5.65 6489 8,29  9.40 10.65 . 11.95 13.10 1,26 16,50
L6 1,50 5.83 7,10 8;56 9:70 11,00 12,34 13.52 1«72 1710
L7 L«63 6.0l 7431 8,82 10,00 11,34 12,72 13.93 15,18 17.6i
L8 Le76 6,18 7452 9,08 10.30 11,67 13.10 14,33 15.61 18,17



Table 5 {continued)

Discharge Data
L8~in. Armco lMetergate Model No, 101

sad et Gate Opening Inches
‘2 0 g 0TI 17 1L 16 18 20 27
shes Discharge in Cubic Feet per Second
1 493 5.8 6,05  6.56  7.12 8,06 9.00 9.88 10.78 11,73
13 5.48 6,11 6,73  7.30 7.88 8,98 10.00 10.94 12,00 12,98
X 5,98 6,67  7.33 7,96 8458 9.79 10,91 11,98 13,1k 1l.22
1& 6.l 7,20 7.90  8.55 9,25 10.57 11,79 12.92 14.20 15,3k
2 6,90 T7.66 8.3 9.08 9,89 11,28 12,60 13.82 15,18 16.0Z
2 7.32 8,12 8.95  9.61 10449 11,98 13.37 1Le67 16.10 17.L0
2% 7.70 8,56 9.4l 10,12 11,05 12:63 14.10 15.47 16,96 18.3
2& 8,05 8.97 9,90 10.62 11,66 13,20 .78 16,21 17,80 19.73
3 8.0 9,37 10.33 11.10 2 .11 13.83 15,5 16,93 18,60 20.10
3L 8.75  9.76 10276 11455 P ¢60 1 L0 16.C6 17,62 19,34 20.9%
339,10 10.13 11,18 11.98 13.08 1h.92 16.67 18,23 20,07 21,70
3 9442 10,49 1156 12.40 13.53 15.4L 17.26 18,93 20,79 22.45
I 973 10,83 11,94 12.81 13,98 15,94 17.82 19.57 2147 23,19
L3 10,03 11,17 12,31 13,20 1lLl 16.4L 18,37 20.16 22,13 23,92
£ 10632 1149 12,66 1359 1L.83 16,92 18,90 20.7h 22,78 24.62
uﬁ 10,61 11.80 13,00 13,96 15,23 17.40 19.L1 21.31 23,39 25,30
5 10,88 12,10 13.3L 1h.32 15.62 17,28 19,91 21.85 23,99 25,95
S5 11.40 12,70 1h.00 12.0% UALC 18,735 20,00 22.93 28,19 27.20
6 11.90 13.25 1.6 18,70 17,13 192,50 2007 25.906 26429 -28,.hZ
6 12.40 15.81 5,00 15,32 7,32 20,35 22070 2u,%10 27.38 29,40



Tablec 5 (continucd)

1
"
O

T g T e e
es __Discharge in Cubic Feet per Second

7 12.87 1432 15.78 15,93 18,50 21,10 23,58 25.85 28,40 30470
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Fig. 1
General View of Laboratory on Cache La Poudre River
Flow from Diversion Works at Left Through Flume to Calibrated Weir at Right
Calibration l;8-in Armco Metergate Model No. 101
Colorado A & M College Hydraulics Laboratory, Bellvue, Colorado



Fig. 2
Flow Patterns Downstream from Metergate to Calibrated Weir
Calibration }j8-in Armco Metergate %£6 Model No. 101
Colorado A & M College Hydraulics Laboratory, Bellvue, Colorado

Metergate and Flume Viewed from Downstream
Calibration };8-in Armco Metergate Model No., 101
Colorado A & M College Hydraulics Laboratory, Bellvue, Colorado
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