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Irircdiznion
In order to save material, reducc the weight and simplify
the aro of she Avrmco Metergote Model 101, the Armeco Drainage
*ané Mivel DPrcoucne Co., Inc. contrazhted with the Colorado _
Agri cui iura’. F23earcn roundation tc have tiae HAydraulics Labora-
tory of Coinredo A and M Coilege makzs tests tc determine the
pcssible use cf l-in. diameter stilling wells instead of the
stendaird 10-in. wells. An additional change for the sake of
conveniencn ¢nd accuracy of operation wes the use of floats ir
the ij-1r, wells instead cf the usvel measuring stick for deter-
liining tae vater-surface elevation. Previous tests.which had
been mede oo determine the feasibility of such a change demon-
straced tia’ the surge in the L-in. well made the sanaller well
impractical and the additional storage in the 10-in. wells was
necascary %o hold the surging to the required minimum.

The critericn which was established prior to the beginning
of the tesus was that the surging in tke l4-’n. wells must not
be greacter than that in the 10-in. wells which have been esta-
bilished by the courts as satisfactory for use with the Meterga*e
Mocdel 1C1l es a water measaring device,

Aralysis of ths Prodlem

) The prcbabhle vrz2acon for the smaller amount of surging in
the 10-in, well than ir the i4-in. well is the greater storage
capacity of the iC~in. well so that it acts more like a surge
chaahcr, Tn 2»ler %o have the mean elevation of the water
surface in the two wclls the same for a given condition, it is
nezessery that the recistance to the.surging flow be relatively
the same for both inflow and outflow. In other words, the
resistance to the inflow motion relative to the resistance to
the outflow motion must be the same for both the 10-in. and
L-ins wells.

From the foregoing discussion, investigation falls into two
separate problems; (a) comparison of the mean water-surface
elevation in the two wells for a given condition of gate opening
and discharge, and (b) reduction of the surge ih the L-ini well
'so that it is no more than that in the 10-in, well. A common
method of reducing the degree of surging is the use of con-
strictions in the line which conducts the water in and out of
the surge chamber. Therefore, this was proposed as the first
method to be tested. At the same time, measurements were to be
made of the mean water-surface elevation using both the lL-in.
well with a constriction, and the 10-in. well without a con-
striction. Because of the possible clogging of the orifice
which might result from sticks, leaves, and other debris lodging
in the stilling well, the orifice was to be made as large as
possible.



Analysis of the Problem

Since the surging action is more or less random in nature,
a statistical analysis of the surging in the two wells was
believed to be a means of comparison -.- the rclative standard
deviation bcing the measurcemcnt of comparison. The following
section describes the experimental equipment and procecdure
utilized.

Experimental Equipment and Procedure

In order to simulate as closely as possible conditions 1in
the field, a special canal system was constructed as shown in
Fig. 1. Watcr was supplied by the 1lh-in. pump to the head box
from where it passed through a 6-in. rock bafflc to distribute
the flow uniformily across the channel downstream. From the
channcl (which had a bottom width of I} ft..and 1 on 1 side slopcs)
the flow passed through thc 18-in. metcrgate (this size being
chosen as reprecsentative of those in use) which was recessed
in thc sidc of the channel as shown in the plan view of Fig. 1.
Special carc was taken to set the gatc and construct the approacl.
so that a standard gatc setting was obtained. rom the gate the
water passcd through 6 ft. of 18-in. corrugated pipe to the tail
box in which the downstream depth of the flow could be controlled.
After lcaving the tail box, the flow returned to the sump for
recirculation,

As showvn in Fig. 1, the stilling wells wevre set according
to the¢ standards provicously cstablished -- onc well connected
to the hend wall ncar the facc of the gatc and the other con-
nccted to *he outlet pipe 1 ft. downstream from the face of the
gate, Speesial ylthings werec usced so that the 10-in. wells and
the ijp--1r, gells cculd be interchanged without difficulty. Floats
with a stem and pcointer on them to facilitate accurate instan-
taneous rcadings of tie watcr-surfacec clevation were used in
each of the wclls.

The testing prcccdurc consistcd of first zeroing the
float gages in cach well by filling the head box with water and
shutting the intake valve and outlet pipe. The indicators on
the floacts were then adjusted to rcad the same on each tape
for a given water-surfacc clcvation,

After zcroing the 10-in. wclls, the discharge was varied
about 5 times for each of the gate opcnings. The discharge was
measured by the 1034-in. orificc mcter which had been calibrated
volumectrically using thc large measuring tank in the basemcnt
of thc laboratory, For cach discharge the value of Ah was
found as thc diffcrencc in watcr-surfacc clevation bectween the
upstrcam and downstrcam mcasuring weclls. Thc upstrcam mcasure-
ment was madc by obscrving the fluctuations in the wecll over a
pcriod of time and cstimating an average elevation. The fluctua-
tions and mecan water-surface elcvation in the downstream wecll,
however, were determined by one man rcading the float gage et
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Experinrtental Equipment and Procedure

intervals of 'about two secondswith another man recording the
readings. A scries of 6 to 10 readings were rccorded in this
manncr on 5-scce to 15-sec. intcrvals until sufficient data had
bcen obtalincd to give an accurate picturc of the fluctuation
pattern. If the variations scemed to bc small only LO rcadings
were taken, but 1n some cascs of large fluctuations as many as
100 rcadings were necessary. Aftcr each run additional measurec-
ments were madc on the differential manometer connected to the
orifice meter. The entire procedurc rcquired an average time
of about 15 to 20 min. although initial runs sometimes required
as much as 40 minutes to complcte.

The 10-in. wells were then mountcd on the 18-in. corru-
gated pipe in place of the l-in. wells, and tkhe same proccdurec
was followad for each discharge.

Analysis of the Data

In order first to determine whether the mean of the water-
surface elevation in the L-in. wecll was thc same as that in
the 10-in. well under thc same conditions, care was taken to
measurc the discharge during each of the fluctuation determina-
tions. The compirison is shown in Fig., 2 to be very good --
indicating that no consistent deviaticn cxists from the 10-in.
well, Because the results were considecred to be satisfactory,
no further considcration was given to this part of the problem.

Precliminary measurcments werc made with constrictilons
1/4~in., 3/8-in,, 1/2-in., and 5/8-in. diamcter and with gate
opcnings of 2-in., L-in., 8-in., and 16-in., Thesc mcasurcmcnts
werc thcn used to determine the particular arens requiring
further study. For cxample, thc data showed thut the l/u-in.
diamcter constriction ard half gate opcning causcd a surge of
approximately half that found with the 10-in, wecll. With thc
3/8-in. constriction, thc¢ surge was about the same as with the
10-in., wecll except at moderate gatc opcnings and high discharges
under which conditions it wecs apprcciably greater, The 1/2-in,
and'S/B-in. constrictions, howsver, gave a damping action which
was not apprcciably better than no constriction at all.

As a rcsult of the foregoing prcliminary mecasurcments and
becausc a constriction as lerge as permissible was desired, the
remainder of the expcriments wcre devoted to a more detailed
study of orificc-typc censtrictions 5/16-in. and 3/8-in. dia-
meter. The resuits of thesce tests arc tabulatcd in Table I and
shown graphically in FPigs. 3, L, and 5,

In cach of thesc figures the standard deviation of the
surges in betia the L-in. well with 3/8-in. orificc constriction
and thc 10-in., well arc plotted together. As shown in Fig. 3
the deviaticn for discharges less than 3 cfs with a small gate
ogening of 3 in. is 0,01 ft. or less, This mcans that about

»
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= Analysis of the Data

70% of the time the fluctuation is less than 0,01 ft, above or
below the mean water-surface elevation. The surges in the L-in.
well were about 50% greater than in the 10-n. well at a dis-
charge of 1 cfs and about 15% greater at 3 cfs, '

When the gate was approximately half open at 8 7/8 in.,
the standard deviation of the surges in the 10-in. well was
increased (see Fig. L) to about 0.02 ft. for a discharge of
7 cfs while the l-in. well with the 3/8-in, orifice had surses
approximately L5% greater than in the 10-in. well.

At full gate opening it was found (see Fig. 5) that the
standard deviations of the surge was approximately the same for
both the 10-in. and Lj-in. wells -- being about 0,025 ft. for
8 cfs and about 0.003 ft. for L cfs.

The foregoing tests revealed that the 3/8-in, orifice con-
strlction damped the surges so they were no greater than those
in the 10-in. well when the gate was wide open, At low dis-
charges and small gate openings, the surges were quite small
regardless of the type of well. When the gate was half openr,
however, the surges were appreciably greater in the lL-in. well
with the 3/8-in. orifice than in the 10-in. well., This probatlv
resulted from the shape and location of the separction zone rcla-
tive to the inlet to the stilling well and would no doubt have
been different for gates of other sizes than 18-in.

In view of the foregoing data and observations, the half-
gate opening was believed to be most critical for the 18-in.
gate and therefore a smaller orifice of S/lé»in, was tested for
this situation. Fig, I shows that the 5/16-in orifice damped
the surges so that they were less than the surge. in the 10-in.
well except for low dischsirges where the surging was relatively
small and unimportent,

 Because the 5/16-in, orifice constriction was adequate for
damping the surges under the criiica’ condition of half gate
opening, the assumption was3 rnd2 that it would be equally effeeo-
tive for other gate openings and therefore further tests were
not necessary.

Conclusions

l. The mean water-suifece elzvation in the lj-in. stilling well
is the same as in the 10-in, well -- all other factors
remainirg constant.

2, Although the 3/3-in. orifice constriction Aamps the surges

in th> lj-in. stilling well 30 that they arc capproximately
the same as those in the 10-~in. well for large and small gate
openings, the inccrme~diate gate openings requiras an orifice
5/15-in. diamecter to domp the surges satisfactorily.
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Recormendatlions

1. Because of the heavy surging found at intermediate gate
openings, the 5/16-in, orifice should be uscd throughout.,

2. In order to determine whether plugging of the orifice and

sticking of the float are problems likely to be enccunterszd,

special field installations and tests over & pariod of time are
necessary.



Table 1

EXPERIM=HTAL FLUCTUATION DATA FOR 18-IN. ARMCO METERGATE

Orifice
Size
in
inches

None
"

1
1
n

"
"
"
"
1"

5{16

"

"
1"
1"

Well
Size
in
inches

10
1"

Gat

e

Opening

in

Inches

18
"

"
"
"

8

"
1)
"
1"

/8

7/8

7/8

Differential Standard Relctive
Deviation Deviation

Head
in feet
Ah

0,212
0,570
0.406
0.281
0.126

0,060
0.3L49
T, T
0.620
0.946

1.072
0.89
0.62
0.388
0.210

00561
0.443
0.34Y
0.34Y4

0.242
o.o%g
1.190
1,043
1.043
0.757

0.LL5
0.076

1:1.20
0,999
0,701
0.378
0,231

1.348
1.348
0.870
1.086
0.391
0.037
0.133
0.237

-6 -

o
in feet

0.0053
0.02L2
0.013L
0.0092
0.0028

0,0013
040037
0.0088
0.0061
0.0160

0.0062
0.0061
0.0046
0.0020
0.0015

0.0218

0,0116 °

0.0115
0.0152
0.0072
0.0011

0,0301
0.0159
0.0191
0.0117
0.0076
0.,0020

0.0111
0,0057
040047
040032
0i0025

0,0145
0.0192
0,0068
0.0169
0.0059
0.0016
0.0028
0.0035

&
Ah

0.0260
0.0425
0.0330
0.0328
0.0222

0.0217
0.0106
0.,0077
0,0098
0.,0170

0.0058
0.0068
0,007
0.0052
0.0071

0.0389
0.0268
0.033
0.043
0.0298
0.0160

0.0253
0:0152
0.0183
04015l
0.0171
040263

0:0078
0.0057
0.0067
0.,0085
0.0108

0.0108
0.0142
0.0078
0.0156
0.0151
C.0lL33
0.0210
0.,0148

Discharge

Q

in cfs

5.15
8.01
6.96

.
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Fig, 1
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