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STUDIES OF FLOW IN ALLUVIAL CHANNELS

STAGE-DISCHARGE CHARACTERISTICS OF A WEIR
IN A SAND-CHANNEL STREAM

By D. D. Gonzavrez, C. H. Scorr, and J. K. CULBERTSON

ABSTRACT

A unique relation between water-surface elevation and water discharge usually -
does not exist for sand-channel streams. The relation is affected by changes in
bed roughness and changes in bed elevation because of scour and fill. An artificial
control on a sand-channel stream must control both the resistance to flow and
the bed elevation in order to stabilize the relation between water-surface eleva-
tion and water discharge.

The weir (control structure) in the Rio Grande conveyance channel near Ber-
nardo, N. Mex., was designed on the basis of a model study and field data (Harris
and Richardson, 1964). About 72 percent of the measurements used to define
the base relation between water-surface elevation and water discharge falls
within plus or minus 5 percent of the mean relation for the prototype. The
stage-discharge relation is not affected by backwater for values of submergence
less than 90 percent. There is no consistent relation between the ratio of meas-
ured discharge to rated discharge and.submergence for values of subm-=rgence
greater than 90 percent.

The control does not restrict the channel capacity to less than the steted de-
sign capacity of 2,000 cubic feet per second. When the control is drowred out,
or ineffective, the relation of water-surface elevation to water discharge is vir-
tually the same as that prior to construction of the control for discharges greater
than 1,500 cubic feet per second. When the control is not drowned out—that is,
free-fall conditions exist—the water-surface elevation for a discharge of 2,000
cubic feet per second is greater than the minimum elevation, but is less than the
maximum elevation that occurred at that discharge prior to construction.

The model study was only partially successful in predicting the orerating
characteristics of the prototype. Some of the differences between prototype
operation and model predictions may exist because the prototype was not built
exactly as recommended on the basis of the model study. In general, th» proto-
type has operated somewhat better than the model predicted.

INTRODUCTION

Sand-channel streams often present problems in the determination of
the total volume of water passing a gaging station because a unique
relation between water discharge and water-surface elevation gen-
erally does not exist. The non-cohesive sand beds of the channels,
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which control the stage-discharge relation, are subject to changes in
roughness and to scour and fill. As a result, the stage-discharge rela-
tion often is not well defined, and corrections, based on water-
discharge measurements, must be applied.

Simons and Richardson (1962) have described the effects of chang-
ing bed roughness on the stage-discharge relation for several hydraulic
conditions. Changes in bed ronghness in some sand-channel streams
may be gradual because the bed form consistent with a given discharge
does not completely develop under unsteady How conditions as a flood
wave passes. This condition results in a stage-discharge relation in the
form of a loop. Changes in bed roughness, particularly from dune to
plane bed, in sand-channel streams sometimes are rather abrupt, result-
ing in stage-discharge relations that are discontinuous (Colby, 1960;
Dawdy, 1961). For sand-channel streams the change from dune bed
to plane bed may occur over a wide range of discharges. The cause for
the change is not easily defined.

The bed elevation of a long reach of sand-channel stream generally
changes very little owing to scour and fill during the passage of a flood
wave. However, the change in bed elevation at sections in reaches that
are narrower than average can be large (Colby, 1964). Gaging stations
often are located at narrow sections, and the stage-discharye relations
are subject to the effects of scour and fill.

Natural controls seldom exist on sand-channel streams; however,
properly designed artificial controls (weirs) can be used to stabilize
the stage-discharge relation. The elevation of the water surface at
a given discharge is dependent on depth of flow associated with the
prevailing bed form and the prevailing elevation of the bed. The struc-
ture must, in effect, control two variables, bed elevation anc roughness,
to yield a stable rating.

The Rio Grande conveyance channel near Bernardo, N. Mex. (fig.
1), isan example of a sand-channel stream that can present a problem
in determining the discharge and the volume of flow at a gaging sta-
tion. The conveyance channel has steep banks that are fairly well
stabilized by native vegetation. In the vicinity of the control, the chan-
nel is straight and has a width of approximately 80 feet. Flows greater
than about 100 cfs (cubic feet per second) occupy the full channel
width. The banks are of alluvial material and the streambed is com-
posed of fine sand (median diameter, 0.17-0.24 mm). The ¢} ~nnel, con-
structed in 1954, was designed to convey 2,000 cfs, which is diverted
from the river through the headworks 5 miles upstream from the
control. The headworks structure consists of seven gated corrugated
metal culverts, 7 feet in diameter. Discharges greater than 2,000 cfs
are carried by the floodway. Median flow in the conveyance channel
is 315 cfs, and flows exceed 2,000 efs less than 0.3 percent of the time
(fig.2).
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F1aUuRE 1.—Rio Grande conveyance channel.
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STAGE, DISCHARGE, WEIR IN SAND-CHANNEL STREAM  Ab

The bed form can be either dune or plane bed over an approximate
range in discharge of 300 to 1,200 cfs. The depth, on the average, is
about 85 percent less for plane bed than for dune bed at a given dis-
charge. The channel is also subject to scour and fill, and a change in
bed elevation of as much as 4 feet could occur at the original gaging
station on the channel (Harris and Richardson, 1964, fig. 36). Because
of these changes in bed form and in bed elevation, the stage-discharge
relation was very unstable and streamflow could not be accurstely
determined without frequent measurements.

In 1961, the U.S. Bureau of Reclamation began a water-salvage
study in the reach of the Rio Grande between Bernardo and San
Acacia. An agreement was made between the Bureau of Reclametion
and the Geological Survey to design and build a control structure at
Bernardo that would provide a stable stage-discharge relation. The
structure was designed on the basis of a model study and field data
(Harris and Richardson, 1964).

The prototype structure was completed in September 1963. Con-
struction was in cooperation with the Bureau of Reclamation under
the general supervision of W. L. Heckler of the Geological Survey.

The purposes of this paper are (1) to describe the field installetion
and construction, (2) to evaluate the performance of the control,
including a comparison of the prototype performance with that pre-
dicted by the model study, and (3) to evaluate the effect of the
controlled streambed elevation on channel capacity.

Basic data used in the analysis are given in table 1. Basic dat» in-
clude measured water discharge, gage height for gages B, C, and D,
depth above the crest for gages B, C, and D, and percent submergence
computed on the basis of depths above the crest for gages B and D.

PROPOSED CONTROL STRUCTURE

The Geological Survey obtained data on water-surface and stream-
bed elevations at the proposed location for the control and also
conducted model studies at the Colorado State University Hydranlics
Laboratory. The water-surface and streambed elevations at the pro-
posed site were obtained to determine the proper elevation of the con-
trol crest. The crest elevation was to be such that the channel cap-city
would be as much as 2,000 cfs and the crest would be above mean bed
elevation and therefore free of sand most of the time. The model
studies were conducted to determine (1) a control configuration vhich
would eliminate, or at least minimize, the effects of changes ir. bed
configuration and changes in bed elevation on the stage-disclarge
relation, (2) the maximum elevation of the control crest which would
not create sufficient backwater to interfere with the maximum design
capacity of the channel (2,000 cfs) and the backwater characteristics
of the control under various degrees of submergence, (3) the design

335+122 0—69

2




Percentage
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mergence
B-D

95.6
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Depth above crest (it)
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Gage height (ft)
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TABLE 1.—Basic data for the conveyance channel—Continued

Measured Gage height (ft) Depth above crest (ft) Percentage
Date water of sub-
discharge B C D B (] D mergence
(cfs) B-D
12-3 1,230 5.90 6.00 5.07 2.84 2.94 2.01 70.8
12-9 1, 460 6.12 6.32 5.42 3.06 3.26 2.36 701
12-16 1,120 5.86 5,98 4.76 2.80 2.92 1.70 60. 7
12-22 1, 360 6.07 6.30 5.09 3.01 3.24 2.03 67.4
12-29 1,500 6.25 6.28 5.52 3.19 3.22 2.46 77.1
1966
1-7 918 5.52 5.47 4.03 2.46 2.41 .97 39.4
1-13 926 5.53 5.56 4.00 2.47 2.50 .94 38.1
1-21 895 5.51 5.51 4.15 2.45 2.45 1.09 4.5 .
2-4 855 5.40 5.46 4.19 2.34 2,40 1.13 48.3
2-10 920 5.48 5. 50 4.32 2.42 2.44 1.26 52.1
2-18 782 5.30 5,30 4.07 2.24 2.24 1.01 45,1
2-25 892 5.48 5.47 4.52 2.42 2.4 1.46 60.3
3-4 714 5.21 5.18 4,14 2,15 2,12 1.08 50,2
3-10 651 5.16 5.17 4.10 2.10 2.11 1.04 49.5
3-18 1,370 6.09 6.08 5.25 3.03 3.02 2.69 88.8
3-24 1,190 5.90 5.82 5.35 2.84 2.76 2.29 80.6
3-31 1,170 5.91 5.89 5.24 2.85 2.83 2.18 76.5
4-7 1,300 6. 05 6.05 5.41 2.99 2.99 2.35 78.6
4-13 1,310 6.07 6.00 5.40 3.01 2.94 2.34 7.7
4-22 1,420 6.13 6.25 5.40 3.07 3.19 2.34 26.2
4-27 1,170 5.88 5.87 5.01 2,82 2.81 1.95 69.1
5-5 1, 260 6.08 6.04 5.41 3.02 2.98 2.35 71.8
5-12 1, 050 5.82 5.31 2.76 2.25 81.5
5-19 852 5.55 5.26 2,49 2.20 88.4
5-26 1,020 5.86 5.68 2.8 2.62 93.6
6-2 1,110 6.06 5.93 3.00 2.87 95.7
6-10 380 4,66 4.03 1.60 .97 60. 6
6-30 516 5.01 4.06 1.95 1.00 51.3

of an energy dissipator to prevent excessive scour downstream of the
structure, (4) the location of a section or sections where accurate
measurements of water discharge and sediment discharge could be
made, and (5) the position of a total sediment-load sampling sill.

On the basis of the model studies, the following control-st-ucture
design was recommened (fig. 3). The structure was to have a control
surface longitudinal slope of 16 to 1 and a transverse slope of 35 to 1.
The approach apron was to have a slope of 2 to 1, and the downstream
apron, a slope of 3 to 1. Sheet piling at the upstream end of the control
was to serve as a cutoff wall and to add to the structural stability of
the control. The sidewalls were designed to run straight along both
sides of the control with a side slope of 2 to 1.

Control accessories, including baffles, bubbler-gage orifice mounts,
total-sediment-load sampling sill, and energy dissipator, were also
designed on the basis of the model studies. The system of bafles was
designed to be mounted on the upstream edge of the control surface
to keep the bubbler-gage orifice and the crest of the control free of
sand. The model studies indicated that the bubbler-gage orifice could
be on the centerline of the control 4 or 8 feet upstream from the crest.

The downstream apron was designed to include a sampling sill from
which total-sediment-load samples could be obtained. The sill was to
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be 1.5 feet lower than the crest at the centerline and to run the entire
width of the control. The sill covers a trench which contains pipes
leading to an automatic-pump sediment sampler. A groove on the
downstream edge of the sill permits a guide to be positioned so that
total-sediment-load samples may be obtained using a DH-48 sediment
sampler.

Cutting surface C

2 27 8 ) :
< X © ‘T;.q; s
L 40.5° AT f— 405’ N ’
Section A Section B

o

o
<
80’
Section C

I
[ i

T T

Section D

. 55”»

5

—= 6.65'

F16URE 8.—Details of the control as proposed by Harris and Ricl ardson
(1964 fig. 37).
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An energy dissipator, 1.5 feet high, was designed to be placed at the
downstream toe of the control. It was suggested that it might be
necessary to place riprap on the bed and along the banks for a short
distance downstream of the toe of the control to prevent ercessive
scour. Figure 4 shows the positions of the control accessories.

Harris and Richardson (1964) recommended that the elevation of
the crest of the control be 4.50 feet below bankfull stage, or 4,723.5
feet above mean sea level at the proposed control location. At this ele-
vation the crest of the control would be 0.5 foot above the meximum
bed elevation observed in 1958 and 0.25 foot lower than the meximum
bed elevation observed in 1957.

CONSTRUCTION
INITIAL CONSTRUCTION

Construction was started in August 1963. Excavation for the struc-
ture was 80 by 40 feet, to a depth approximately 3 feet below mean
bed level. Sheet piling, used as the upstream cutoff wall, was placed
across the channel and 10 feet into both banks at the upstream edge
of the control. The top of sheet piling was driven to an elevetion of
4,718.0 feet above mean sea level, 5.5 feet below the crest (fig. 5).

Rock, 0.5 to 1.5 feet in diameter, was placed in the excavestion to
create the approximate shape of the control. The base was then covered
with finer rock, 2 to 3 inches in diameter (fig. 6). On top of this finer
material a concrete cap was placed to form the surface of the control.
Six-gage 6X6-inch steel-wire reinforcement was used in the concrete
cap.

The approach apron was constructed to a 2 to 1 slope and the control
surface to a 16 to 1 slope to the crest. A transverse slope of 35 to 1 was
used for the crest, converging toward the centerline in order to confine
low flows. The downstream apron was constructed to a 3 to 1 slope
from the crest to the sampling sill and to an 8 to 1 slope from the
sampling sill to the energy-dissipator wall. The energy-dissipator wall,
constructed of grouted rock, was 1.5 feet high and 1.5 feet thick and
extended across the width of the control. A 3-inch clay pipe was placed
across the control near the toe to relieve hydrostatic pressure under the
downstream apron. One bubbler-gage orifice was recessed into the
concrete cap 4 feet upstream of the crest at the center line. A vertical
staff gage was placed 0.8 foot upstream of the orifice.

Sidewalls were constructed along both banks extending from the
upstream sheet piling to the energy-dissipator wall. They were con-
structed to a % to 1 slope and converged slightly toward the centerline
downstream of the crest. Riprap 0.5 to 1.5 feet in diameter was placed
on the bed of the channel downstream of the energy-dissipator wall
for a distance of about 20 feet and to a depth of approximately 3 feet.
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F16URE 4.—Accessories for the control as proposed by Harris and R*~hardson
(1964, fig. 38).
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tion at gage C is higher than at gage B for discharges greater than
about 1,100 cfs.

Deviations of discharge measurements from the base rating of the
control are caused by variation of the gage height at a given discharge
or by errors in water-discharge measurements. The variation of the
gage height at a given discharge can be caused by scour and fill at the
cage location, changes in bed roughness at the gage location, backwater
on the control, or burial of the control.

For those measurements made when free-fall conditions existed—
that is, the stage-discharge relation was not affected by backweter—
72 percent is within plus or minus 5 percent and all are within plus or
minus 10 percent of the base rating for gage B. The errors in discharge
measurements are likely to be from 2 to 5 percent and perhaps even
larger for some conditions at the measuring sections in this channel.
Therefore, it is likely that most of the scatter from the rating is caused
by errors in discharge measurements for free-fall conditions.

10
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Freure 11.—Stage-discharge relation for conveyance channel, gage C, at control.
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SUBMERGENCE

Backwater causes submergence of the control if the elevation of the
tail water becomes greater than the elevation of the lowest point on
the crest of the control. Submergence is the ratio of the depth above
the crest of the tail water to the depth above the crest of the upstream
head on the control, and experiment has shown that the discharge is
a function of submergence as well as gage height (Eisenlohr, 1964).
Most of the measurements during the subperiod April 29-October 20,
1965, plotted oft the base rating and, therefore, a study of submergence
was made to determine the effect on the stage-discharge relation. The
ratio of the measured discharge to the rated discharge was plotted as
a function of submergence computed from depths above the crest for
gages B and D (fig. 12). From figure 12, it is obvious that backwater
has no effect on the stage-discharge relation for values of submergence
less than 90 percent. For values of submergence greater than 90 per-
cent, the stage-discharge relation is affected by backv-ater, but no
consistent relation exists between the ratio of the measured discharge
to the rated discharge and the percent submergence.

It should be noted that, as the control approaches complete sub-
mergence, the submergence ratio approaches a maximunr value which

1.5
w
8 W I o A O 0o A —
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S < 10 ol Bag » B s g
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2% 07— EXPLANATION R —
s O May 22,1964, to Apr. 29, 1966 o O 5’
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.
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®
05 50 50 70 80 30 100

PERCENTAGE OF SUBMERGENCE (GAGES B AND D)

Ficure 12.—Ratio of measured discharge to rated discharge as a function of
percentage of submergence for the control.
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is less than 100 percent for this structure because of the distanc~ be-
tween gages used to measure the headwater and tail-water stages.
A further increase in the tail-water stage affects the stage-discharge
relation, but the submergence ratio tends to remain constant. There-
fore, at complete submergence of the control, the submergence ratio
cannot be used as a correction for backwater on the control. Because
backwater affects the stage-discharge relation for this structure only
for values of submergence approaching a maximum, it is apperent
that some other method, such as the shifting-control method, should
be used to correct for the effect of backwater on the stage-discharge
relation. In other words, the control should be considered as comylete-
ly ineffective, or drowned out, for values of submergence greater than
90 percent.

The stage-discharge relation at the control, for free-fall conditions,
is much improved over the rating prior to the control. However, for
those periods of time during which the control can be considered to
be drowned out—that is, the submergence ratio is greater than 90 per-
cent—the presence of the control structure does not improve the
stage-discharge relation compared to that which would exist if the
structure were not in place.

COMPARISON OF MODEL PREDICTION AND
PROTOTYPE OPERATION

The Bernardo control model was only partially successful in pre-
dicting the operation of the prototype, and there are differences in
practically every detail of operation of the prototype from that pre-
dicted by the model. Some of the differences may exist because the pro-
totoype was not built exactly as specified on the basis of the mndel
study.

The base rating predicted by the model study (fig. 11) shows that
about 15 to 20 percent more depth above the crest at a given discharge
is required for the prototype than was predicted by the model study.
The transverse slope of the crest was 40 to 1 in the model but was 35 to
1 in the prototype, and this probably accounts for the greater depth
on the prototype than on the model.

On the basis of the model study and field data, free-fall conditions
for the Bernardo control would occur for discharges of less than 300
cfs if the control crest was established 4.5 feet below bankfull s‘age.
The crest of the prototype was actually set at clevation 4,728.0%, or
0.44 foot lower than was recommended ; for the conditions experienced,
the prototype has had free-fall conditions for discharges less than
about 700 cfs. Also, the model predicted an effect of backwater on the
stage-discharge relation for submergences greater than about 60 per-
cent (Harris and Richardson, 1964, fig. 42). The prototype showed
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an effect of backwater on the stage-discharge relation only for sub-
mergences greater than 90 percent.

The model study showed that the baffles caused no detectable surface
wave at the bubbler orifice 4 feet upstream of the control crest (fig. 13),
but a large surface wave was observed in the prototype. The baffles on
the prototype were 0.5 foot higher than the model baffles, and this may
have contributed to the formation of the surface wave on the proto-
type but not on the model. The baffle system now in use on the proto-
type was rejected on the basis of the model study as not boing effective
in keeping the control clear of sand and for causing a rough water
surface (Harris and Richardson, 1964, p. 150, position 1). The pres-
ent baffle system appears to be more effective in keeping the control
clear of sand than the system selected from the model study. The
present system does create a somewhat rough water surface, but the
wave caused by the baffles has been virtually eliminated.

The sensitivity of the rating of the model was based on a vee notch
with a 40 to 1 lateral slope; however a lateral slope of 35 to 1 was
recommended and used in the prototype. The model discharge, given
in terms of prototype discharge, changed 1.5 percent or less for a 0.01-
foot change in stage at 400 cfs or more and changed 7 percent at 30 cfs.
The prototype discharge changed 1.5 percent or less fc~ a 0.01-foot
change in stage at 300 cfs or more and changed slightly more than
4 percent at 30 efs (fig. 14). The prototype is more sensitive than the
model because of the slightly greater lateral slope of the prototype
notch.

EFFECTS OF CONTROL ON THE CHANNEL

One main purpose of the model study was to determine the proper
crest elevation so that the control would not restrict the capacity of
the channe] to less than 2,000 cfs. From the model study it was deter-
mined that with 100 percent submergence at 2,000 cfs, the water surface
would be 4 feet above the crest of the control (Harris and Richardson,
1964, fig. 42). Allowing 0.5 foot for freeboard, the contrc] crest would
be placed 4.5 feet below the bankfull stage or at an elevation of 4,723.5
feet above mean sea level. The control was actually set approximately
0.5 foot lower than recommended to insure that the channel capacity
would not be restricted.

A staff gage established just upstream of the control site prior to
construction of the control indicated that the range of discharge for
a given gage height was about the same at the control site as at the
cable upstream (fig. 15). The limits of the range of water-surface ele-
vation at a given discharge were estimatled from the rating for gage A
at the bridge upstream of the control. The base rating for gage B
(from fig. 10) shows that the water-surface elevation at 2,000 cfs is
slightly higher than the minimum possible before the control but is
well below the maximum possible before the control.
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The maximum water-surface elevation, on the basis of gage B, for
a given discharge when the control is drowned out is almost identical
with the maximum water-surface elevations prior to the control for
discharges greater than about 1,500 cfs. In other words, for discharges
greater than 1,500 cfs with the control drowned out, the control has no
effect on the stage-discharge relation and the channel controls the
stage-discharge relation as it did prior to construction of the control.

The stage-discharge relation at the cable section upstream of the
control has also been improved by the control structure (fig. 16). Gage
A at the bridge, on which this relation is based, was not in operation
during the period that the bed was in dunes, and the rating after the
control structure was completed is for a plane-bed condition only. For
this reason the rating for gage A has less scatter than it would if dune-
bed data were included. The form of the rating has much the same
appearance as the base rating for gage B at the control structure. The
somewhat greater scatter for the gage .\ rating than for the base
rating for the control results from minor adjustments in bed elevation
and bed roughness at gage A site. Extending the rating, based on
measurements after the control structure was completed, to 2,000 cfs
shows that the structure does not limit the discharge for the plane-bed
condition at gage A. It seems reasonable that when the control struc-
ture is drowned out and the channel is definitely controlling, the same
situation prevails at gage A as at the control structure and, on the
basis of the available data, the channel at gage A is not restricted in
any way by the control for discharges greater than 1,500 cfs.
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The bed elevation is controlled at the structure location at an eleva-
tion higher than average prior to construction. Water-surface eleva-
tions were obtained at the control site prior to construction, hut no
cross sections were obtained; therefore, the average bed elevation at
that point was not established. The mean bed elevation at gage A for
the 3 years prior to construction of the control structure was about
1,722.9 feet (fig. 17). The average fall between the cable and the con-
trol site is about 0.7 foot ; therefore, the average bed elevation at the
control site was about 4,722.2 feet prior to construction of the control
structure. The control crest elevation is 4,723.06 feet or about 0.9 foot
above the mean bed elevation at the control site prior to construction.
The mean bed elevation at the cable since construction of the control is
about 4,723.8 feet or about 0.9 foot above the mean prior to the control.
The maximum bed elevation observed at the cable since construction of
the control was about 4,723.3 feet, which is slightly lower than the
maximum of 4,723.5 feet observed in 1957 (Harris and Richardson,
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1964). No dune-bed data are included after construction of the con-
trol because gage A was not in operation during the period when the
bed was in dunes.

SUMMARY AND CONCLUSIONS

A control structure, based on model and field studies, was installed
in the Rio Grande conveyance channel near Bernardo, N. Mex. Some
changes have been made on the control structure since construction
because of problems in measurement of stage and because of a partial
failure of the structure during a period of high flow. The major
changes were the installation of a gage at the upstream edge of the
control, the installation of a new baffle system, and the s*raightening
of the sidewalls.

The stage-discharge relation is much improved over the relation
prior to construction of the control except when the contrc’ is drowned
out. Approximately 72 percent of the measurements falls within plus
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or minus 5 percent of the base rating for free-fall conditions. The
stage-discharge relation shows no influence of backwater for sub-
mergences up to 90 percent. For submergences greater than 90 percent,
backwater affects the stage-discharge relation, but submergence can-
not be used as a correction for backwater becanse there is no consistent
relation between the ratio of measured discharge to rated disclarge
and percentage submergence,

The stage-discharge relation of the prototype compared with the
stage-discharge relation of the model showed that 15 to 20 percent
more depth at a given discharge was required on the prototype than
on the model. The prototype showed a backwater effect on the stage-
discharge relation for submergences greater than 90 percent, whereas
the model predicted a backwater effect for submergences greater than
60 percent. Also, the prototype structure was set 5 feet below bankfull
stage, and free-fall conditions have occurred for discharges less than
700 cfs. The model predicted free-fall conditions for discharges less
than 300 cfs if the control crest were set 4.5 feet below bankfull stage.

One main purpose of the model study was to determine a crest ele-
vation so that the control would not restrict the capacity of the chan-
nel to less than 2,000 cfs. Comparison of the stage-discharge relation
on the basis of staff-gage readings at the control site prior to con-
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struction and the stage-discharge relation at the control site after con-

struction shows that the water-surface elevation at 2,000 cfs is slightly

higher than the minimum possible before the control but is well below
the maximum possible before the control. When the control is drowned
out, the maximum water-surface elevations for discharges greater than

1,500 cfs are almost identical with the maximum water-surface ele-

vations that existed for discharges greater than 1,500 cfs prior to con-

struction of the control. The stage-discharge relation on the basis of
measurements at gage B at the control and at gage A upstream of the
control shows that the control does not restrict the chanrel to a maxi-
mum discharge of less than 2,000 cfs at either location, altl ough the bed
elevation is now controlled.

The following conclusions are based on experience with the control
on the Bernardo conveyance channel :

1. Controls on sand-channel stream require at least some maintenance.

2. The control improved the stage-discharge relation for free-fall con-
ditions. Submergence cannot be used as a correction when the
stage-discharge relation is affected by backwater.

3. The model study was useful in predicting the main oporating char-
acteristics of the prototype. However, in the following respects
the model did not correctly predict the behavior of the prototype.

(a) The depth above the crest, at a given discharge, was
greater on the prototype than predicted by the model.

(b) The baffle system now in use is effective in keeping the
control clear of sand deposits, whereas the model indi-
cated this system would not be effective. The present sys-
tem does create a rough water surface, which was pre-
dicted by the model, but the surface wave caused by the
baffles has been virtually eliminated.

(¢) The model study predicted a backwater effect on the stage-
discharge relation for submergences greater than 60 per-
cent. However, the data from the prototype showed
backwater effect for submergences greater than 90
percent.

4. The available data show that the control structure does not restrict
the channel capacity to a maximum discharge of less than 2,000
cfs.
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