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FOREWOID

The studies described in this report we’)c 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 L8-in., and 18-in. metergates was authorized
by a contract between the Colorado Agricultural Research Foun-
dation of Colorado A & !1 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 Mecal Products, Iné.
inspected the installations of the metergates both before and
during testing and discussed the results with Colorado A & M
Laboratory staff membersi Throughout the entire installing and
calibrating of the metergates, consultations with and inspections
by Mr. Tracy were maintained,

Mr. George E. Shafer, Chief ILngineer, Armco Drainage and
Metal Products, Inc., reviewed the preliminary renort and made
valuable suggestions toward producing a complete final calibra-
tion revnort,

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

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 Hq
Zee, who assisted in testing and assembly of the data for the
preliminary and final recports.

The installing and testing of the 48-in. and 18-in. mcter-
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.
Resn¥ck under the general supervision of Prof. Maurice L,
Albertson,

Prof., Thomas H. Lvans is Dean of Engineering and Chairman
of the Engineering Division of the Experiment Station, and
Prof, Dean F. Pcterson is Chicef of the Civil Engineering Section
of the Expcriment Station,




Chapter TI
INTRODUCTION

The Armco Metergate Model No., 101 is highly suitable
as a control and standard me asuring device when the calibra-
tion curves are based on accurate experimental data and the
final accuracy 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 being made on the 8-~ine, 10=in,, 12-in,, 1llh~in.,
16-in,, 18-in.,, 20-in., and 24-in, gates, with data for the
octher size gates being obtained by interpolation and extra-
polation,

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 Agriculture'
al Research Foundation of Cdolorado A & M College in March
1950 to calibrate the 18-in, and }8-in, gates, Data obtained
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 for the 8-in,,
10~in,, 12-in,, 14-in,, 15-in,, 16=in,, 18-in., 20-in., 2l1-in.,
2ly=in,, 30~in,, 36-in,, L42-in,, and }j8-in, gates,

: In order to facdilitate testing procedure and to inter-

polate correctly to obtain discharge data for gates not
tested, a complete theoretical analysis of the problem is
essentiall '

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
boundary ™)
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Introduction ~ Theoretical Analysis

dimensions h, a, %y and D which affect the problem while

the important fluid properties are the density p and the
dynamic viscosity m o The flow 1is described by the differ-
ence in prcssure ap upstream and downstream from the gates

If the six wvariables h, a, x, D, # , and u are held constant,
a givel. differcnce in well readings ap should indicate a given
discnargs., The general function may be represented as

¢ (h, a, x, Dy, p ,H:Ap; V) =0 (1)

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

¢,(h/a, a/D, x/D, ':‘r%h-a——; Re) = 0 (2)
[2)

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

Vv
Eq, 2 may be rearranged to give

—%}71; ::'¢ (h/as a/DJ K/D: Re) (3)
2
V= 2g _

\ =¢3 (h/a, a/D, x/D, Re) V2gsh ‘ (L)
By letting the term within the brackets equai the discharge

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

C J2gnh _ | (5)

To compute Q , the continulity equation is used so that

v

Q & AV = AC Y2ghh (6)
where C ='=d3 (h/a, a/D, x/D, Re) - r- (7)

If x/D is held constgiﬂ:, ‘
¢ =¢) (n/a, a/b, Re (8)

The final equation for determining Q 1in 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

“he Tacilities of the laboratories selected for cali-
brating the Ar.aco Mctergate Model No, 101 included all of
thcse uesersary fer complete testing and analysis, The }8-in,
gats 1ras 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 Lrboratory, Colorado A & M College, while the
8-in, and 1Z-in, gates were tested in the Hydraulics Labora-
tery of the U, S. Bureau of Reclamation, Denver, Colorado,

L8-in, Mstorgate

“he calibration tests on the l8-in, Armco Metergate were
acne 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, Figse. 1, 2, 3,
and L 11lustrate the cxperimental 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 1l4-ft.
wide concrete flume, but as the river recedesy the flow
that can be diverted decrcasesy Tests on the high flows
through the gatc were run in late June when the maximum dis-
charge was limited by expcrimental setesup to about 63 cfs.

Measurement of the discharfei« All discharges were
measured by a 15«4ft rcctangular shap-crested weir at the
end of the flumei 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
weir which had previously been calibrated volumetrically in
the hydraulics laboratory on the campuss The tests for
small discharges were made by Mr Carl Rohwer and .Mr, Ralph
Parshalli C i

The current metcr measudements were made with a Price
Current Mcter which was rated in May 19504 A total of three
measurements werc made for discharges of approximately
60 cfs, 50 cfs, and L0 cfs, Measurecments werc made at 0.8
depth and 0,2 depth in each vertical section and vertical
sections were taken cvery two feet across the 14-ft rectangu-
lar flume, - The veclocity across cach scction was fairly uni-
form, ,.In determining the velocity at a point, sufficient
time was taken so that minor variations resulting from
turbulence were assumed to be averaged. Several measure=
ments were rcpeated at each point to make sure that the
independent mcasurcments would check each others In most’

-13—_




Equipment and Proccdurc for Testing I 8-in, Metergate

cases the individual mcasurcmcents checked within one per=
cant. The current meter mcasurements invariably fell with-
in c¢ne pcrcent of the value determined by applying the
rarcis Jermaila to the 15-ft weir, In fact, the -calibration
cneclsd che Peeneis formvla

Q = 3433 L[(H + h,) 3/2 Z.hy 3/2]

30 closely that a rating table bascd on this formula was
ased for ¢ll discharges above 20 cfs. For flows less than
20 cfs the rating table preparcd by Parshall and Rohwer was
used, '

Measurement of the water surfacc clevationst«~ The water=-
surfacc clevations wecre mcasured at thrce points where the
flow was cssentially uniform, ILach well was equippcd with
& Lory ncok _age for determining thce watcre-surfacc elevations.
T-70 of these wells, Nos, 1 and 2, werc installed about 10 ft
upstrecam from the weir, one on cach side of the flumec for
determining the hcad of the weire¢ By the use of a surveyorts
level, thc zero of cach gage was found using the crest of the
weir as a refcrcence datum, Well No., 6, installed about 16 ft
upstream from the me tergate in the flume was rofcrcnccd to
the bottom invert of the gatc by using the surveyorl!s levels

For high flows the maximum and minimum watcresurface
elevations in cach well wecre rcad about four to six times
during a run, Maximum and minimum watcr-surface elevations
werc determined by observing the water surface and following
it with the hook gagc so that when a maximum was rcached the
rcading was rccorded. The hook gage point was then made to
follow the surface until a minimum was attained, This pro-
ccdure was rcpeated four to six times during a run., For the
low dischargecs the water=-surface elcvation was essentially
constant, and only single rcadings were recorded about four
to ten timecs during each run, When small variations were
noticed, it was neccssary to use more independent readings .
so that thc average of the total number of rcadings approached
the truc averages

Mcasurcment of the piczometric hcads:~ The thrce wells
which mcasurcd the »iezomctric hcads were locatcd in zones of
acceleration or in scparation zoncs so that the watcr-surface
elevation in the well rcprecscnted a pilezometric hcad and not
an actual water surfaccs Since the water surface in a well
fluctuated quite rapidly and sonctimes varicd over a range
of onc tenth of a foot, morc rcadings wcre rcquired to approach
the corrcet average valuce For high flows, as in the case of
water-surfacc clevation detcecrminations, the maximum and minimum
clevations were measurcd for approximatcly four to six cycles

-l -
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nquipment and Proccdurc for Testing i8-in. Mctergate

ol waiter surlace fluctuation, The average valucs of the maxi-
Jn aad minimem i a well were averaged in turn to give the

£inel vatso-.surface clevation to be uscd in the calculations,

for low flouws 20 to 59 simil%anzous rcadings were taken at each
n. te trhre: wells and the water surface 2levations were calcu-
lated so thut one indicated the head at a point just upstream
“rcm the eaveance to the pipe, one 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. downsts am from the entrance. Thz well at x/D = 2/3 was an
cxperimental cne whilc the one at 12 in., was the well actually
uscd in the cclibreation of the gate,

It is bclieved that sufficient carec was taken in the reading
of the fluctuating watcr surfaces to assurc a high degrec of
anrcuracy in the values of pieczometric head dctermined.

18-in. Meteorgate

The calibration tests on the 18-in. Armco Mctergate wcre
also made by staff members of the Colorado A & M Collegc. The
inrstalilation for tcsting was located at the Hydraulics Laboratory,
gricrado A & M Collegec. Fige 5 illustrates the cxperimental
facilities used in the testing. Flows up to 8 cfs werc provided
by a 20 horsepowcr propeller-typc pump through a llj-in. pipe.

Measurcment of thc Discharge:- All discharges werc measurcd
by a 103-in. orificc plate which had becn carcfully calibrated
in place scveral months prior to testing. The orifice calibra-
tion which was under the dircct supervision of Dr, Maurice L.
Albertson, utilized largc volumctric tanks located below the

- floor lcvcl of the laboratory. This calibration duplicated the

results to within one perccnt of a previous calibration conductcd
by Mr. Carl Rohwer and Mr, Maxwell Parshall in 1942. Thec range
of calibration was from 1 c¢fs to 8 cfs, which included all the
flows utilized in testing thc 18-in. mectcrgate henee none of the
requircd metergate calibration data was based on cxtrapolated
flow valuecs.

Moasuromont of the piezometric headss- The¢ piezometric head
difference, which indicated the flow through the orifice metecr,
was obtained by an avecrage of L to 10 independent readings, the
number depending on the amount of fluctuation, taken during each
run with a water manomcter,

Two wells werc uscd to measurc the piezometric head dif-
ferencc across the meterpgate dpeningl One well measured the
head at a point just upstrecam from the entrance to the pipe and
the other well mecasured the head at a point on the pipe 12-in,
from the entrance. Since x/D = 2/3 1is identical with x«12'in
for the 18-in, mctecrgate, the latter well was identical with
the third expcrimental well, set in cach case to measurc the

i




Equipment and Proccdure for Testing 12-in, and 8-in. Mctergate

niczcmetric Mead at x/D = 2/3, uscd on the other sizes of
mesergates fested, Ey the use of 2 survcyor's level, the zero
of eac: rug> wee Iaund using the bottom invort of the gate as
a refcruies dAntin. .

Float indicators, which helpcd to damp the fluctuations,
Aerre uscd in the two wells for deccrrnining the water-surface
clevations, For cach test 20 to 170 rcadings, thc number
depending c< "he amount of fluctuaticn, were taken simultan-
cously at cach well. The rcadings wcrc spaced approximately
two seconds apart,

12-in. and 8-in. Mctergatcs

The calibration tcsts on the 12-in. and 8-in. Armco Mcter=-

‘gates were supcrvisced by Mr, James W. Ball and conductcd by

2>, Joe B. Suimers, Rescarch and Geology Division, U. S. Burcau
of Keclamation. The installation for testing was located at

tn» Fydraulics Laboratory, which is under the dircction of
M», Harsld M, Martin, U. S. Burcau of Reclamation, Federal Cen-
~ tny, Denver, Colorado. Fige. 6 illustrates thce experimental

facilitics uscd in the testing. Flows from 0.3l cfs to 7.27 cfs
Werc provided by the laboratory pumping system,

Measurcmecnt of the Discharge:~ The discharges were mca-
sured by [, banks of calibrated Venturi meters, l-in., 8=in.,
10-in., and 12-in., located in the fceeder line to the hcad box,
The sizc of Venturi mcter uscd was detcrmined by the quantity
of flow desircd.

Mcasurcment of the piczomcetric hcads:- The piczometric

* head diffcrences across the metergate openings werc mcasurced by
piczometers in most cascs, 10-in, wells being uscd occasionally
for comparison purposcs., While piezomecters were tapped into

the top of thec pipc at 'many points, for both the 8-in, and 12-in,
gatecs, one piczometer in cach casc indicated the hecad just up-
strcam from thc entrance to the pipe, one indicatcd the head at

a point on the pipce 12+in, from the entrancc, and a third cxperi=-

mcntal piczomcter indicated the piczometric hcad 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.4lly ft. in the case of the 8-in. gatc: downstrcam from
the entrancc, Fig. 6 shows a partial dctail of the location of
piczomcter taps in the 8«in; installation,

- The piczomcters were connccted to a central manomcter bank
which was scalcd to 0.01 ft, of watcr; rcadings to the closest
0.005 ft. were casily cstimatedi Since fluctuations in the
piczomcters were damped to a large cxtent by carborundum disks
set in the lcads to tho bank, approximatcly ten rcadings of
cach piczomcter werc considercd sufficient to give an accurate
test avcragce.

- 6 -
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Chapter III
PRESENTAT10N OF DATA

The e<uerimental data, cee Tables 1, 2, 3, and L, were
rcduced. 2 trtular form by graphical nrocesses explained and
iillustrcticd “n the following discussion. The graphs were made
on logarithinic scales to provide a practical means of plotting
che data warch cover a wide range cf values; furthermore, as shom
o7 Eq. 6, 1% wvas anticipated that {th2 locus of experimental points
plotted in ‘*hL:s manner would closely approximate a straight line,

The plotiing of the experimental data for the L8-in., 18-in.,
12-in.,, and 3-in, gates as discharge versus difference in head
for various gate openings resulted in plots which were straight
i1ines for relatively high values of Ah but which deviated from
the straight line for the lower values of Ah, for example, see
Pig. T« Since it was necessary to interpolate for the inter-
~wdiate gate openings and gate sizes to complete the tables, it
rac d2sirahle to study the data to learn the causes of the devia-
tien and the points of deviation. Therefore, (as suggested by
she anniysis in Chapter II) plots werc made of the discharge
coeffi~icnt C versus the relative head on the gate h/a with
tl.e reletive gate opening a/D as the third variable, see Fig. 8.
e p2iotive location of the downstream well was kept at a con-
stent value of x/D = 2/3, After carcful examination of the
data, it was concluded that for the }8-in., 18-in., 12-in., and
3-in., gatcs there was no consistent affect on variation of C
bccause of wariation in h/é. Plots'of C versus Re with a/D
as the third variable and x/D constant at 2/3 were made next
for the 4j8-in., 18-in., 12-in,, and 8-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 cocfficient C 1increased as Re
dccreased for all gate openings for the 8-in. gate; increased
for all but full gate openings, where C stayed constant for

the 18-in. gate; increcased for all gate opcnings below 8a/D = 0.9
where € stayed constant and then decrecased for larger gate
opcnings for the 12-in. gate; and € increased for all gate.
openings below a/D = 0,75 where C stayed constant and then
decrcased 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 ©C versus Re with A/D as the third variablc based on
head differcnces using the well at x = 12.in. Correlations
between the L48-in., 18-in., 12-in., and 8-in. gatcs were con-
sistent with varying a/D values.

From thc abovc graphs a plot was made of € versus a/D

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

s Ty




Prcscrnvetion of Data

of Re was mad: for C versus goete size with a/D  as the third
veriable. This plct -ras utilizzu to adjust the curves in PFPig. 9.
Ti.c adjussed curves, whicn were urcd ve obtain the constant
cocfficien*y of uischurge ¢ for meitergate sizes not tcsted,
fitted the crperznmental dava excapt o1 o fow cascs where the
adjusted ~uris valucs deviated slighcy from the average tesi
data, .

To obruerr tiie final plots Ternm waich tabular values could
be commuted, ¢ was plotted agairst Re with a/D as the
third variablc, for the }8-in., 18-ia., 12-in., and 8-in, moter=
gates, Figs. 10, 18, 21, and 23. Points of constant C with
minimum Rc were conncctcd as shown by brokcn lines in Figs. 10,

17, 21 and 23. From Fig. 9, C valucs wecrc obtaincd and plotted

on Figs. 10, 17, 21 and 23 for intcrmcdiatc gatc openings not
tcsted. The romaining portion of each curve (low Re) was inter-
polatcd betwecen the calibratcd curves. PFigs. 11, 12, 13, 1U,

5, 16, 18, 19, D 2and 22 are final C versus Rc plots
obtained for the 42-in., 36-in., 30-in., 24-in., 2l-in., 20-in.,
16-in.,, 15-in., 1l4-in., and 10-in. mctcrgates (which werc not
tcstcd) by a scries of intorpolations: constant C values were
obtained by interpolating bctween the adjusted calibratced curves
for the 48-in,, 18-in., 12-in., and 8-in., metcrga*tcs as shown

in Fig. 9; loci of constant C with minimum Rc wcre obtained
by intcrpolating between similar curves based on *cst data in
Figse 10, 17, £1 and 23; and the remaining portion of ecach

curvc (low Rec) was casily obtaincd by interpolating between

the portions (low Rc) of thc calibratced curves whosc slopes

were found tn vary uniformly between gatc sizcs and gatc openings.

In ordcr to provide a dircet solution for obtaining tabular
valves rrom the final plots, a third grid systcem, which was
hascd on the dimonsionlcss varamctcer, Danhg/v 2, obtained by
rcarranging the variables in Eq. 1 through dimcnsional analysis,
was addcd. In gcencral, to find thc discharge Q for a given
hcad diffcecrence A h, for a given sizc¢ mcetergate, and a given
gate onuning, the following proccdurc can be utilized; solve
the dimcnsionless paramcter DPahg/v 2 by substituting the
pipc diameter in ft. for D; the given hcad diffcrencce in ft. for
Ah; 22,2 ft. per scci ber sec. for acccleration of gravity g;
and l.2%. % 107 sq. I'ts per sce., bascd on a temperature of
60°F sclocted as the average condition for the United States,
for kincmatic viscosityv . With this valuc for Dezshg/v 2,
enter the figurc which applics for the given gatc size, and fol-
low down the propcr sloping line to the left until the curve
rcpresenting the given gate opening is intersccted. Finally,
drop vertically down from this point, to rcad the valuc of
Reynolds numver Re  from which cither V. or Q may be com=-
putca by ths following cquations:

w B o




Preszniation of Data

or

b
>
\J

R. - 4 Q - 1,052« -H%

From Fig. 10, utilizing the cbove mcthod of computation,
Tublo 5, Dascharge Data for L8-in. Armco Motcorgate was tabulated.,




Chapcar IV

DISCUSSION OF RESULTS

lthougk &1 € facluded R2yncliis ramoer Re, it was believed
et She outset wnhiet the ianTluvence c¢i 're relative head on the gate
Lh/a was greater tiaan the influence ~2 Re and therefore the
rirst analyticr vloat made, Fig. ¢, wes of discharge coefficient
G versus hkya with the relative g=ie opening a/D as the third
variable. hLowsver, close examinatiow revealed a scattering of
the poin%s atl lew discharges demonstroting that some variable
cther than L/a was of paramount importance. Fig. 52 of Ele-
mentary Mechanics of Fluids, by Hunter Rouse, substantiates the
rcregoing conclusion in that the correspondingly smallest head
or. the orifize results in a deviation of 1.0% from the constant

C onf 0.5i.

The second analytical plot, C versus Re with a/D as
the Third variable, resulted in no appreciable scatter of the
data and yielded consistent trends demonstrating that Re was
an wmpcritant variable. This was substantiated by the fact that
tes® cdava followed the same trend in spite of varyiang the rela-
tivo head h/a on the gate for successive tests. Figs. 10,

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

Ee decrenses for all gate openings for the 8-in., 18-in.,
iZ2-1n., and 8-in. metergate, the slopes varying consistently in
all cascs. The Reynolds number effect is due to the extent of
dovoliopment. of the laminar sublayer at the entrance which in turn
infiuenccs the separation point and the size and character of the
separation zonc downstream. The Reynolds number effcct will vary
witih gete size having the greatest effect on the smaller size
gat38, since, 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 sizc becomes smaller,

Asidc fraom possible variations in gate castings and settings,
the discharge data, Table 5, obtained from Fig: 10 and the dis-
charge data which can bc obtained for the other sizc gatcs from
Figz. 11 through 23, arc accuratec to within approximately 4 3%;
howcver, the table is bascd on a water temperaturc of 60°F, which
was assumcd to be an average for the United States, and utili-
gation.of the tables with a deviation in watcr tcomperature of
- 20°F may cause an additional ' 1% crror. Thus thc data are
accurate tc I 4% at the maximum deviation. This deviation may
be found orly under cxbtreme conditions and under most conditions
the maximum deviation will be only T 2%,

- 10 =




Disecassiy of Results

For the U8-in, meterzate 2 compar ison of discharge data
revoaled that fur eolatively hnink dlscharges through the 2-in.
geto creaiug, *ie Frusne curvs:s read 28% high and for relatively
hign discharges through tne zi~'n. g.vc opening their curves
read 18% Zow. Corrispeonding dilfcro.anrcs cxisted for other gato
sizes.
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Charter V

CONCLUSICONS ANL RECCGIMLITDATIONS

Tre ¢alibeaticn curves fae the 48 in.. 18-irn., 12-in., cnd
8~in, metergotes ere based on accur2t~ experimental data, Whilc
the remcining zallbration curves ¢ “he 42-in., 36-in., 30-in.,
2h-in,., 21--ir... 1C-in,, 15-in,, il'~in , and 10-in. mctergatecs
are bascd on inc~cipointed data, che —umarkably consistent recla-
tionships anrd btronds between the curves based on test data indi-
nutes that (hc iuterpolated curves should be of an accuracy
~l.osely apprcaching the accuracy of thc calibration curves
taesed on t.st data.

Tke Arrmco Mctergate Model No. 101 is highly suitable as
a ccntrol and standard mcasuring device with utilization of
the calibration curves, Figs. 10 through 23, if thec final
necurcey desired is not greater than that permitted by the
normal vorZation in gate castings and settings.,

AZ cia be scen from Figs: 10, 17, 21 and 235, the portions
nf the C versus Rc curves (high Rec), which are horizontal
nr indiecate ¢ constant value of C, fit the test data very
slecscly; neince, it is rccommended that with a given metergate
arc for e rcequired discharge the gate opening be regulated so
chat thc oporation takes place in the zone (high Re) to the
rient of tas troken lines, Figs. 10 through 23, which conncct
nuints of 2cnstant € with minimum Re.

It is also recommendcd that the calibration data obtaincd
f»cm the above study be uscd for mctergatos whosc settings do
n~t vary greatly from the installations used in the testing
program, sce Pigs.. L, 5 and 6.

o 1D w
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Experimencal Calibration Data for [ 8-in. Armco Metergate Model No. 10l::

Opening Q A4 in ft. ah in ft, h/a (& Re c
of Gate cfs x = 12" x/D = 2/3 _ x/D = 2/3 x = 12"
18" 60,29 0.982 0.726 2,020 0.700 12,88x10° 0.602
49.58 0.67L Co5ilt 1.880  0.690 10.67x105 0,601
N2 0,485 0.359 1.779 0.701 9.06x10° 0.603
25,70 04300 0.212 1.696 0.725 7.19x105 0.606
LA 8 0,123 0,08l 1.596 0.743" l.65x105 0.612
36" 58.26 1,078 1,037 2.688 0.566 12.43%10° - 0.556
26,17 1,009 0.968 2.651 0.565 12,02x105 . 0.552
39,02 0.1496 0.1467 2,349 0.566 8.35x105 0.549
Lipe53 0,067 0.059 2.33L 0.597 3.12x10° 0,561
1y ,0P 0.063 0.05l 2.050 0.608 3.0L4x10° 0.56l
2N 0.225 0.203 2.167.  0.580 2 6lx102 0.552
2" 23,04 1,196 1.532 4o 04T 0.2l 11.33x105 0,432
"2 sS 0.579 0.529 2el.65 oogzo' 6.95x105 - 0.h23

#Pa%e. S10v Coloraco A % M Ccllegs - 28 £+, ccrrugated pipe including I, £t. riser




—- 4 ~

Experimental Calibration Data for 4,8-in, Armco Metergate Model No. 101

ggegizgg c%s Ai inlg‘?. Ai/ll)n-f;/.'_'i B/ x/D S 2/3 e x E 12"
2l 25,17 04350 0;3h9 34303 0.4y22 5.39x105 0.l421
15,82 04137 0:140  3.562 0.419 © 3.38x105 0.L2
10,12 0,052 0.050 3.1129 0.L88 2.16x105 0,441
16" 13,07 1.933 1.956 6.100 0.305 9.20x105 0.307
32,146 1,103 1,110 5,180 0.30L 6.93x10> 0.306
21;u3 0.479 0.482 44,970 0.314 l4.59x10° 0.307
17.148 0.316 0.318 1,820 0.306 3.73x10° 04308
8.05 0,063 0.061 5.100 0.322 1.72x10° 06317
8" 25,02 2,258 2.255 12,26 0,165 5.36x105 0,165
LE. 27 0,810 0.810 10.13 0.168 3.26x105 0,168
Y, 0.30L 0.300 0.2 0.169 2.00x105 (168
L, & 3313 0,11} 10621 0,170 1.2Lx105 0.170
2,40 0,0Lk 0.0Ll £,5) 0e172 0.77219% Col7C
' S gade 24107 2. 105 21 .85 0,0827 2,61x2.05 0,083}
Be1b 0671 0,515 22489 0,036 1.75x103 0,845
(o I 0.255 Co33L % 7 0.0E55 1,09%1.05 0.0850

2 02 S22 0,11% 1707 0,033 | 0.623x105 0.08562 "

- 1l -




Table 1 (continued)

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

Opening
of Gate

2"

Q

cfs

6,01
11,98
3433
257
1.1

Ah In £t,
x = 12"

2,117
1,629
0,710
0.412
0,117

Ah in ft,
x/D = 2/3

240417
1,630
047095
0.14135
0.1175

h/a

149,00
L. 20
3775
35.05
31.40

C
x/D = 2/3

0,038l
0.,0388
0.0393
0.0397
0.0L.09

Re

1.29x105
1.06x105
0,711x105
0.550x105
0.301x105

x = 32"
0,0383
0.0387
0.0391
0.0397
0.0409
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Experimental Cal ibration Data for 18-in., Armco Metergate "odel No. 101:

Opening Q Ah in ft. ah in ft. h/a C Re C
of Gate cf's x = 12" x/D = 2/3 x/D = 2/3 x = 12"
18" 8.01 0.570 = 2,020 0..749 5.91x10° ®
6496 0.1406 1.862 0.768 5.13x10°
6.2l 0e 315 14750 0.78l L. 61x10°
6.23 0,311 A 1o 70 0789 4. 60x10°
5.8Y 0.281 1,697 0.779 l1.31x105
5.15 0.212 1,602 0,787 3.81x105
L. L6 0.171 1,842 0,76l 3.30x105
3,78 0.126 1.590 0,749 2.78x105 :
2,55 0,046 1.380 0,742 1.66x105
% 0,038 2,250 04749 1.53x%105
13 1/2" 2,14 .05l 2,470 0.653 1.50x10°
2,10 n.051 1.253 N 655" 1.58%10?
.02 0,008 2.980 V0,651 L ‘49&(;5

% Deta Jrom Chtorsan A & M Colisoa = 6 i, corrugated vipe

W Suice X/D 2 273 is Jjdensicar vatn X = )2 y Valoes arve rdentlical with valies iu
eorregnanity g eo'lhmn
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Experimental Calibration Data for 18-1in., Armco Metergate TIoueT NOUT IUT

Opening Q
of Gate cfs

g" 6,96
6.28
6.2l
5.03
Fo1 T
2,50 »
1.57

3" 2.80
2.62

g o
—6_0

ah in ft.
x = 1

1.120
0.920
0.924
0.601
0.338
0,149
0,058
1.242
1.072
0.89L
0.626

(:. 468

e

L

Dozl

n

<

Cs2l

I L b

Ah in ft.

x/D = 2/3

3

3 Jdabicel wlik 3 =

h/a

6,582
6.138
Lo lyyly
5.182
5.542
2.896
L.526
13.36
13.00
12,3C
L7, P

0 Lo

x/Dc- 2/3
0.162
0.461
0.456
0,456
0.456
0.16l
0.459
0.177
0.179
Q.177
0,175
0 179.
J.135

€.ate

Re

5.13x105
l.61x10°

3.71x105-

2.78x10°
1.88x10°
1.16x105
2,07x10°
1.93x10°
1.75x10°
1.45%105
1,17x1.0°

0.96E6£.C

noown

0,855210-

C.87222C5

x = 12"
384

ave lcéeablocdl yitah valuauy 1ina




Experimental Calibration Data for 12-in. Armco Metergate !Model No. 10Xz

Opening Q Ah in ft. ah in ft, h/a .. - C Re ¢
of Gate cfs % = 12" x/D = 2/3 x/D = 2/3 X = 12"
12M 7427 2,13 2,28 - L.23 0. 76l 8.80x105 0.788
6.1l 1.60 1,66 3.5L 0.755 7.4lx105 0,767
5,08 1,06 1.19 2.87 0.739 6.16x105 0.780
3.98 0.66 0477 2.32 . 0,720 .. 82x105 0.77h
3,85 0459 0.60 2.1 50.789 14 66x105 0.793
2.95 0437 0.48 1.98 0677 3.58x105 0:768
2,31 0428 0.28 1.75 ;_ 0469 2.81x105 0.732
2,02 0420 0.22 1.76 0,685 2.15x10° 0.71L ;
9" L1 6Ly 1,16 1;39 g 12 0.62L 5.62x10° J.682
L. 26 0.98 1.28 Tl 04598 5.16x10° 0.679
3,6l 0.72 0.85 3.07 0.627 L L 1x105 0.679
2,98 0.49 0.57 2,69 0.626 3,61x10° 0.675
2.12 0.24 0.29 2.35 0.625 2.57x10° 0, 66¢
1.2l 0.08 0410 2.09 0.623 1.50x10° Uably
8"  L.23 1.18 1.21 lL.02 0.610 €, Iixich 0,616
“JedE 1,17 i 2P lL.38 0.603 5,05:10° 0.61.2
3.14 0,67 0,69 3.29 0,603 3.80x102 0.6V
# Data from T. 3. Bureav of Reclamasion - 2 ft. ccrrugaled .iow, 1E8 7%, =moct: ripe




Opening
of Gate

8\‘!

6"

uu_

2"

Q

cfs
2.73
1.92
2. 63

2463

2.16
1.86
155
2.30
1.52
1422
0.76
2.08
1.43

0.93

0.72
0.6l
0.51

-Ah in ft,
x = 12"

0.48
0423
0«7l
0.73
0450
0435
0.2l
1,20
048
0.30
0.11
3.38
1:63
0.65
0436
0.29
0.19

Ah in ft,

x/D =
0450
0426
0,76

07T

0453
0.40
0.29
1.23
0.59
0.34
0.11
3.37
1,67
0.6l
0.46
0.32
0.18

2/3

h/a

2.98
2.61
.70
14,50
L4.00
3.70
3.50
9.09
6.90
6.18
5.16
29,50
19.80
13.70
11.50
10,50
9.12

x/DC- 2/3
0.613
04598
0.478
041476
04470
0.466
0.L56
0,329 .
0.31L
0.332
04360
0.179
0,176
0.185
0.169
06179
0,191

Experimental Calibration Data for 12-in. Armco Metergate !Model Fo. 101

Re

3.31x105
2.32x10°
3.19x19°
3.19x105
2.61x10°
2425x10°
1.88x105
2:79x105
1.84x105
1.L8x105
0:920x10°
2.52x105
1.73x105
1.13x105
0.873x105
0.777x105
0.620x10°

x = 12"
0.625
0.635
0.486
0.1489
0.8l
0.499
0.502
0.333
0.348
0.353
0.353
0,130
0.178
0.183
0,191
0.189
0,186
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Experimental Calibration-Data for O~in, Armco Metergate 'lodel No. 101l

R o B YT M afen e x < 3om
8" 2.34 1,08 1,09 64,06 0,801 l1+03x105 0.50L
2.31 1,02 1,05 5.76 0.805 lt,00x10° 0.317
2,02 0.79 0,78 L.67 0.821 3.50x105 0.311
1.82 0466 0,68 156 0.791 3.16x10° 0.300
1.81 0.67 0. 71= l1. 09 0.768 3.15x105 0.789
1.56 0.49 - 375 - 2.71x105 0.796
1.52 0.48 0.48 3.16 0,78l 2,6Lx105 0.782
1.43 0,40 0.42 3.34 0.788 2.4,9x10° 0.806
1.U2 0,40 0.41 li .85 0.792 2.4, 7x105 0.802
1.11 0.25 0.26 T 0.779 1.93x10° 0.793
1.10 0.2l 0.2l . L.62 0.803 1.91x105 0.803
0.87 0.16 - e oo 1.51x105 0.777
0.81 0.1l - s i - 1.41x105 0.772
0.73 0.11 - e — 1.27x105  0.786
7 2,2l 1.00 A 6.51 — 3.69105 0.800
1.87 0.72 s .91 - i 3.25%10° 0.787

% Data from U. S. Bureau of Reclamation - 20 ft. corrugated pipe
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Experimental Calibration Data for 8-in. Armco Metergate !Model No. 101

ggegﬁgg c%s Al:: inlgﬁ. Al;/]:’;n=fg-/3 e x/DC= 2/3 e X g 12"

™ 1,70 0,59 S— 14420 ——— 2, 95x105 0,790
1.0 0.3 i 3.38 -~ 2.50x10° 0.785

1.19 0.31 — 2,72 —_— 2.06x105 0.763

1.05 0.23 - —_— s © 1.82x105 0.782

0.97 0.19 - 2.12 . . 1.68x10° 0.795

0,97 0.20 <= ke 27 - . 1.68x10° 0.775

0.87 0.17 - i — . 1.51x10° 0.75L

0.81 0.14 - - R 1.41x10° 0.77h

0.81 0.1l - e b 1.41x10° 0.77h

0.69 0.10 - - - 1.20x10° 0.780

6" 2.1l 1,10 1.36 7.L8 0.653 3.72x10° 0.726
1.83 0.79 0.98 5.78 0.661 3.18x10° 0.733

1.65 0.65 0.80 3,02 04663 + 2.87x10° 0.729

1ol 0.51 0.6l L. 26 0,643 2,50x10° 0.718

1.20 0.38 0.48 3.52 0,622 2.08x10° 0,693

1.10 0.30 — — s 1.91x10° 0.72l

0.97 0.22 0.27 3.58 0,66l 1.69x105 0737

A SR : T
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Opening
of Gate

6"

5"

L!_ﬂ'

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
12706
1.6
106
0.96
0.85
0,31
0.76
0.70
0,63
0.62
1.99

x = 12"
0.22
0.155
0.155
0.1l
0.12
1.0
0.96
0.66
0.L1
0.28
(5 M-
0,195 .
0.17
0.1h
0,11
0.11
1,79

Ah in ft. h/a

x/D = 2/3

0.28 3,02
— 9.58
--- 7.18
- 5.43
s L,.01
— 3.2L
== 2.78
2,12 13.05

c
x/D = 2/3
0.656

0.490

Re

1.69x105
1.39x10°
1.39x10°
1.32x10°
1.20 }c:LO5
3.72x105
3.09x10°
2.5Lx10°
2.02x105
1.67x105
1.48%10°
1,41x105
1.32x10°
1.22x10°
1.09x10°

1.08x105

3.16x105

X = 12"
0.737
0.726
0.726
0.725
0.712
0.646
0.650
0.641
0.6l6
0.648
0.663
0.655
0.658
0,668
0.678
0.65.
0.531
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Experimental Calibration Data for 8-in, Armco Mectergate lModel No. 101

iy X3 A ‘52/%n;f§73 e x/Dc= 2/3 e % FE®
L 1.73 1.36 1.60 10.59 0.490 .3.01x105 0.530
1.30 0.76 0.90 7,01 0.489 2.26x105 0.532
1,15 0.58 0.69 6.36 0.496 - 2,00x10° 0.539
0.9k 0.39 0.47 5.16 0,487 1.63x10°  0.538
0.89 0.35 - cee e 1.55x10% ' 0.537
0,74 ~0.23 0.28 P 0.500 1.29x105 0.551
0.73 0.23 i e e 1.27x10° 0.5l
0.66 0.18 . - — 1.15x10° 0.548
0.57 0.13 - s i 0.990x3.05 0556
0.51 0.10 s== s = 0.886x105 0.562
0.51 0.10 ™ e s 0.886x105 0.562
3" 1.78 2.21 —_ 16,60 — 3.09x105 0.428
1,15 0.90 _— 8.68 e 7 2.00x105  0.433
1.06 0.79 -—- 7.96 - 1.84x105 0.426
0.9 0.58 o 6456 e 1.58x10° 0.426
0.80  0.Lk --- --- -—— 1.39x105 0.430

0.69 0.33 -—- -—- i 1,20x10° 3.1429
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Opening
of Gate

31‘!

21!

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

Q

cfs
0.65
0458
0.53
0.51
0.6
0.4l
0497
0,93
0.89
0.80
0,66
0,6l
0.62
del)>
Colis
0.38

0. 30

x = 12"

0.27
0.22
0.18
3 {9 B
0.13
0:10
1,32
1.25
1:23
0.91
0.62
b.56
0.55
0.28
0.2
0,18
0,1l

Ah in ft,

x/D =

2/3

h/a

c
x/D = 2/3

Re

1.13x105
1.01x10°
0.921x10°
0.886x105
0.802x10°
0.715x105
1.68x105

1.,62x105

1.55x102
1.39x10°
1.15x10°
1.11x10°
1.08x105
0,781x105
0.730x105
0.660x105
0.590x105

c
x = 12"
0.4hy7
0.6
G.0453
Ol
0.156
0.1463
04302
0.297
0.287
0,300 ;
0.300
0,307
0.299
0.301
0,306
0.320

0.325
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Opening
of Gate

2"

Table I (Cconurimeay

pata for 8-in. Armco Metergate Model No. 101

Experimental calibration

Q Ah in ft  Ah in fte h/a C Re
cfs x = 12" x/D = 2/3 “x/D = 2/3

0.3k Oeult 0.16 10.98 0.30L 0.590x10°
0.33 0,3l — - S5 0.574x105
0.28 0.10 --- - o 0.186x10~




Table 5

Discharge Date
43-ir, Armco Metergate Model No, 101

Net Gate Opening Inches

A

- -

— —— i .

1,19
)., 3¢
.02
0, 5l
1,65
1,75
1.8l
1.93
2,01
2.09
2,17
2.2l
2,31
2,38
2.4
2,51
2,57
2,68
2. 19
2,90

Eaisuhag:e 1n"%§blc Fget perl{:gécond5 =% s
1,51 1.85 2,21 2.52 2,84 3.15 3.45 3,75 k.3
1.69 2.06 2.7 2.80 3.16 3.50 3.83 L.18 lL.8l
1.67 2.25 2,70 3.06 3.4k 3,83 L.19 L.55 5.29
2,00 2.43 2,91 3.29 3.70 L.13 L4.50 L4.90 5.70
2,12 2.59 3,10 3.52 3.95 L4.40 L.80 5.2} 6.09
2.2, 2.7 3.9 3.72 L.20 L.66 5,08 5,56 6.L¢€
2,36 2,89 3.h7 3.92 L2 492 5.36 5,87 6.8
2,48  3.02 3,63 L.11 L.6L 5.16 5.62 6.1 7.1k
2,59 3.15 3.79 L4.29 L.85 5,39 5.86 6.0 7.l
2.69 3.27 3.9h L.t5  5.05 5.60 6,10 6,66 T.7¢
2,79 3439 L.08 4.6l 5.23 5.81 6,33 6,89 8.0°
2.88 3.51 ho22 L4377  5.40 6,02 6,56  7.12 8.
2197 3.63 136 L.92 5.56 6.22 6.79 7.35 8.5
3.06 3,74 L.49  5.07 5,71 6440 7.00 7.58 8.8
3.15 3.84 L4.62 5,20 5,87 6.58 7.19 7.81 9,00
3.2 3.94  Lo7h 5,33 6,01 6.76  7.36 8,03 9.3l
3,32 L4.05 L.€5 546 6,18 6,93  7.55 8,23 9.5t
3.47 L4.23 5.07 5.73 6,48 T7.24 7.92 8463 1l0.0L
362 L4l 5.29 5.97 6.75 T7.55 8.28 9,01 10.)¢
3.76 .59 S.51 €.20 102 7.86 . 8,62 9.38 10,9

- 26 -




Tablc 5 (continucd)

- BT =

. Net Gate Opening Inches ¥
o % .3 3z n Lz S 5% 6 T
_ﬂﬂ________I_)_mchar*ge in Cubic Feet per Second %
1,00 3,90 Lu76  5.72 6,43  7.28 8,16 8.95 9.74h 11,32
3,20 L.OL  L4.92 5.92 6,66 T7.54 8,54 9.25 10,09 11.72
3,20 L.16 5.08 6,10 6,88 7,79 8.73 9.55 10.41 12,11
3,30 L.28 5,22 6,27 T7.10 8,02 9.00 9.85 10,73 12.48
3400 LJ4O 5.37 6.4l 7.30 8.25 9,26 10,13 11,04 12,85
B9 L.52 5.52 6,61 7.50 8,48 9.51 10,41 11,35 13.20
Bi68  L.63  5.67 6.77 T.69 B8.70 9476 10,69 11,6l 13.53
8.7 4,85 5,94 7.10 8,05 9,13 10.23 11.20 12,20 14.19
8,900 5.06 6,20 T.h2 8.41 9453 10,70 11,71 12,76 1.8
1,05 5.26 6,43 7.72 8,75 9;92 11,12 12:19 13.30 15.4%
1,20 Lol 6,66 8,01 9,08 10430 11.0L 12.64 13,78 16.0°
§.35 5,65 6.89 8,29 9.40 10.65 11,95 13.10 14.26 16,50
1,50 5,83 7,10 8,56 9.70 11,00 12.34 13,52 1l4.72 17.1i
63 6.010 7,31 8,82 10.00 11,3k 12,72 13.93 15,18 17.6L
[.?6 6,18 7.52 9,08 10.30 11,67 13,10 14,33 15.61 18,17




Table 5 (continued)
i8~in, .A.rmconizggiggzeDgggel No. 101
" Net Gate Opening Inches
g o TR ) 12 11 16 18 20 22

[ _Discharge in Cubic Feet per Second

.93 5,48 6,05 6.56 7,12 8.06 9.00 9.88 10.78 11,72
b 48 6,11 6,73  7.30 7.88 8.98 10.00 10.94 12,00 12.98
.98 6,67 T.33 7.96 8,58 9.79 10.91 11.98 13,14 1h.22
b Ll 7.20 7.90  8.55 9.25 10.57 11.79 12.92 14.20 15.34
.90 7066 8.43  9.08  9.89 11,28 12.60 13.82 15.18 16.L2
7.32 8,12 8,95 9.61 10,49 11,98 13.37 1L.67 16.10 17.LO
7,70 8.56  9.l4ly 10.12 11,05 12.63 14.10 15.L7 16,96 18.3i
B,05  8.97 9,90 10.62 11,60 13,2 1 .78 16,21 17.80 19.23
Boll0 9,37 10,33 11,10 .11 33.83 15,% 16,93 18,60 20,10
Ba75 9,76 10.76 114,55 2,60 1hU0 16.C5 17.62 19,34 20.,9¢
.10 10,13 11,18 11,98 13,08 14.92 16-67 26,23 20,07 2l.7i
pej2 10,49 11,56 12.L0 13,53 15.4L 17,26 18,93 20,79 22.45
Pe73 10,83 11,94 12.81 13,98 15,94 17.82 19.57 21.47 23.19
D,03 11,17 12,31 13,20 1L.Ll 164kl 18,37 20,16 22,13 23,97
De32 11,49 12,66 13.59 14483 16,92 18.90 20.7h 22,78 24.62
.61 11,80 1300 13496 15.23 17.40 19.43 21.31 23,39  25.30
P88 12,10 13.34 1%}.32 15.62 17,836 19,91 21.85 23,99 25,9%
Ll 12,70 14,00 135 €1 1640 18,75 20,0 22.93 25,19 27.2:
£290 13.25 161 15.7C 17,13 19.5it 21.82 2396 26,29 28,lZ
Peli0 15,81 15,20 16432 17.83 20,35 22,72 29 27.38 29.£0
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Table 5 (continucd)

—

Met Gate Opening Inches

— I e T
[~ __Discharge in Cubic Feet per Second

e e

b 67 1432 15.78 16,93 18,50 21,10 23,58 25,85 28.40 30.70
3,32 1432 16.3LL 17.53 19.14 21.85 2440 26,76 29.38 31.80

. B.75 15.31 16,88 18.13 19.77 22.60 25,20 27.65 30.33 32.80

.18 15.79 17.40 18,67 20.38 23,30 26,00 28,51 31,27 33.80
.60 1642 17.90 19.21 20,97 23.95 26,75 29.34 32.19 3}4.80
£.00 16,68 18,39 19.73 21,56 24.60 27.47 30.13 33.07 35.75
£.38  17.11 18.87 20,2 22,11 25,22 28,18 3090 33,93 36,65
be13 17,95 19,79 21,23 23,19 26446 29,53 32.41 35,60 38.45
b.85 18,77 20,68 22,19 24,22 27.65 30.86 33,84 37.15 Lo.2¢
'Be53 19.51 21.52 23.08 25,20 28,75 32.12 35.2L 38.65 L1.E¢
'B.20 20,25 22.33 23.96 26,16 29.85 33435 3€.50 L0,15 143.LG
"Bo84 20,96 23.13 24,80 27.98 30,95 3L4.50 37,99 L1.60 il SS
D45 21.6L 23.87 25.61 27.95 31,95 35.65 19.10 L42.95 L6.LO
D05 22,31 24460 26,40 28,81 32.90 36475 L40.30 L4.25 L47.80
.D.6u 22,97 25.32 27.18 29.66 33,84 37.80 Ule50 L5.55 L9,.,20




Tablz 5 (continued)

D.acharge Data
yB3~3in, armeo Metergate Model No. 10J

N-t 3aLe Opening Inches

1%

L.8

b -

__Discharge in cubic Feet per Second

T R R T Y

13.23 13 .92 14,72 15,82 17,00 17.20
U .70 15,55 16,32 17.57 18,75 19.10
16,12 17,05 17.85 19.20 20,30 21,00
17.42 16,12 19,23 20,72 2L.84 22,53
18.63 19.70 20.60 22,10 23.33 24.1F
19,76 20,839 21.83 23,40 2Uh.67 25.,A0
20.85 22,02 23,05 2l.65 26,00 26,95
21,85 23.10 24,25 25.87 27.28 28,30
22,82 2li,13 25,20 27.02 2650 29.45
23:.77 25.13 256,25 28,14 29,67 320,90
2,67 26,09 27.25 29,20 30.80 32,07
25,52 26,98 28,18 30.20 31.85 33,17
26,36 27.85 29,10 31,20 32,90 3,27
27.18 28,70 30,00 32,20 33.93 35.32
27495 29453 30,87 33.11 3L.90 36.36
28,71 30,34 31.72 3,01 35.88 37.3h
2.5 31,14 32.57 34.88 36,81 38,1C
30,85 232.65 54 1R 3660 28,57 L.
32.25 .19 25¢67 38,20 L0.30 41,77

33.60 55,32 27,10 32.73 ©1.95 h3.nl

'17.67

19,59
2,48
23.2L
2. 78
26,21
27.62
29.00
37,35
31.53
32,69
33.85
3&198
36,05
37,06
33,07
29.08
;e 00
e, 8

P 5T

1778

19,78
21,68
23.38
2l,98
26,36
27.7h
29,12
30450

3165

22.81
33.93
35.05

36,17 '

37.20
38.20
39.20
U115
1293
L 70




N

Tadle 5 (continucd
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hl -~ .
26435 3G6.£9

13,15 * 110,65 . L 2,91 283 ~.148.,05 1 50,570
39,15 41,57 Li.02: 35,00  4%.29 - 52,00
41,20 42470 46.20 48,30 51.70 5L4.60
42,90 1550 L8425 . 50.45 . 5l.10 - 57,00
168 \ ;7,50 - 5320 £0 .5€425 » 59,30
46035 49632 52,15 5L-50 - €40 €1,53
795 ;51600 1:E4 00 . 58eltD 604D - 6300
9650 ;52408 ;. E5.50 4: 50420 1+62.40 £5,80
514€0 B35 = 570 0 :50.C0 . lish0 €785
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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 Welr at Right
Calibration [ 8=in Armco Metergate Model No., 1.0l
Colorado A & M College Hydraulics Laboratory, Bellvue, Colorado
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Flow Patterns Downstream from Metergete to Calibrated Weir
Calibration }8-in Armco Metergate Model No., 101
Colorado A & M College Hydraulics Laboratory, Bellwvue, Colorado

F'ig. 3
Metergate and Flume Viewed from Downstream
Calibretion [j8=in Armco Metergate Model No, 101
Colorado A & M College Hydraulics Laboratory, Bellvue, Colorado
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