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SUMMARY

This report describes studies made to improve the entrance flow
conditions to a Parshall flume located just downstream from a lateral turn-
out at Station 1543+52. 5 on the East Low Canal of the Columbia Basin Proj-
ect, Washington, Figure 1. The turnout is a double box culvert controlled
by two slide gates., Flow enters the Parshall flume after passing through a
transition section connecting the box culvert and flume, As a result of these
studies using a 1:16. 52 scale model, Figure 4, it was found necessary to
modify the transition section to obtain satisfactory entrance conditions at
the Parshall flume, since poor entrance conditions result in inaccurate dis-
charge determination,

Flow was unsatisfactory in the preliminary transition with both
gates opened equally as a surge of 0. 75 foot occurred at the upstream flume
gage for the maximum discharge. Four additional transition sections were
tested, all having a length of 30 feet instead of the 20 feet used in the pre-
liminary. The recommended transition No. 5, Figure 13, gave satisfactory
flow conditions with a surge of 0. 15 foot at the upstream flume gage for a
discharge of 360 cfs. The surge increased slightly at lower discharges,
Both a float and a fixed baffle across the upper portion of the transition re-
duced the surge for intermediate flows but did not prove helpful at the maxi-
mum discharge, so they were not recommended.

With one gate of the box culvert closed the flow was unsatisfactory
at all discharges and could not be improved by modifying the transition
unless the length was increased a prohibitive amount. Since one-gate opera-
tion could not be provided for it is recommended that all operation be with
both gates opened an equal amount.

Calibration of the model flume was made using two-gate operation
and the results showed agreement with.the discharge formula for a Parshall
flume of the same size. However, since the installation in this case is
not 1e:,ccorcclling to standard practice it is recommended the flume be calibrated
in the fiel
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INTRODUCTION

The lateral turnout at Station 1543+52.5 of the East Low Canal
of the Columbia Basin Project, Washington, Figure 1, consists of a
double box culvert controlled by two 72~ by 72-inch slide gates, Figure
2. Design and construction of the lateral was undertaken after comple -
tion of the East Low Canal and culvert turnout. A Parshall flume was
required for measuring the discharge in the lateral and it was necessary
to connect the flume to the culvert with a short transition section, Figure
3. '

To obtain reliable measurements of the discharge by use of the
Parshall flume smooth flow is necessary in the transition section and
flume for all discharges including the maximum of 360 cfs. A model study
was made of the structure to assure satisfactory conditions of flow, The
model included a reservoir section representing the East Low Canal, the
double box culvert, the transition section, and the flume to the throat sec-
tion, With aid of the studies the transition was altered until the flow was
considered satisfactory.

The 1:16.52 Scale Model

A scale of 1:16.52 was used for the model of this lateral on the
East Low Canal of the Columbia Basin Project, Washington. The portion
of the lateral simulated by the model was the box culvert turnout with two
regulating gates, a transition section, and the upstream section of a 12-
foot Parshall flume, Figure 4. An existing head box of wood lined with
sheet metal was used to represent the East Low Canal. The box culvert
was connected to the side of the head box and had two sheet-metal slide
gates on the upstream side. The culvert transition section and flume were
constructed of plywood.

Water for the tests was measured by a laboratory Venturi meter
in the supply line., The water-surface elevation in the head box was read
with a hook gage in a stilling-well located outside the head box. The head-
water elevation was maintained constant at the normal depth of water in the
main canal for all flows in the lateral. Changes in discharge were made
by adjusting the slide-gate openings at the head of the culvert. During the
tests, the flow in the transition section and flume was photographed, wave
heights in the flume were recorded, and water-surface elevations were-
taken in the head box and flume.

THE INVESTIGATION

Tests of Transition Sections

Transition No. 1--Preliminary. The preliminary transition had
a length of 20 feet which increased in width from 13 feet 1 inch at the portal
of the culvert to 18 feet 4-3/4 inches at the entrance to the Parshall flume,
Figure 5. In the first test, an open channel was used instead of the divided
box culvert to determine whether the covered culvert section would have any
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effect on flow through the flume. The resulting depth of flow in the open
channel showed that at higher discharges the culvert would run full and
under pressure, so the culvert was installed to assure true representa-
tion of prototype conditions. ‘

The first operation tests were made with the left gate of the box
culvert closed. At a discharge of 360 and 180 cfs, Figures 6A and B, the
flow was unsatisfactory because of the standing wave downstream from the
right gate. This created an uneven water surface, the velocity distribution
was not uniform across the width of the flume, and large water-surface
fluctuations occurred at the flume gage. This test showed that sat1sfactory
flow could not be obtained with one-gate operation. The remaining discus-
sion in this report is on tests made with both gates opened equally.

With both gates open, the step produced a standing wave in the
transition section and in the converging section of the Parshall flume. The
transverse distribution of flow was also unsatisfactory in the flume. A
water-surface fluctuation of 0. 75 foot occurred at the upstream flume gage
for a discharge of 360 cfs. As the discharge was decreased the waves be-
came smaller. The fluctuation at the gage was 0. 40 foot for a discharge of
180 cfs. The flow conditions for these two discharges are shown in Figures
7A and B.

Transition No, 2. Transition No. 2, Figure 8, had a length of 30
feet or 10 Teet more than the preliminary transition. At a discharge of 360
cfs with both gates open, the wave action in the transition and flume, Figure
9A, was similar to that which occurred in Transition No. 1. The longer
transition length reduced the fluctuation of the water surface at the upstream
flume gage. At a discharge of 360 cfs, the surge was 0.60 foot. The greater
transition length decreased the surge at the gage but the wave action was still
unsatisfactory, so the step at the upstream end of the transition was modified.

Transition No. 3. For Transition No. 3, Figure 10, a 2:1 slope re-
placed the vertical step., Operation at a discharge of 360 cfs with both gates
open, Figure 9B, showed an improvement over that obtained with Transitions
No. 1 and 2. The change in the step reduced the wave heights, although a
small water-surface depression occurred in the central area of the transition
section as shown in the photograph. The surge at the upstream flume gage
was 0,20 foot at a discharge of 360 cfs and apparently was caused by an un-
stable condition created by the water -surface depression. This surge re-

mained approximately the same for all discharges between 360 and 180 cfs,

Two sets of blocks, Types A and B, Figure 10, were installed and
tested on the 2:1 slope. Type A consisted of four blocks 18 inches wide,
equally spaced, while Type B consisted of six blocks 12 inches wide similarly
installed on the slope. The operation was generally similar for both types of
blocks. While the addition of the blocks did not change the flow distribution,
the depression in the central area of the transition section was more pronounced
with an increase in the amplitude of the surge at the upstream flume gage.
Since the blocks caused poorer operation, they were not tried again in any of
the transitions tested.
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Transition No. 4. An inclined floor 25 feet long, Figure 11, was
installed for Transition No. 4. The training walls were parallel, giving a
constant width of 18 feet 4-3/4 inches to the transition but.making an abrupt
increase in width at the culvert portal. The length of the transition remained
at 30 feet. Appearance of the flow at a discharge of 360 cfs with both gates
open is shown in Figure 12A. The water surface was flat without standing
waves, both in the transition and the upstream portion of the Parshall flume.
The surge at the upstream flume gage was 0.20 foot, the same as occurred
with Transition No. 3. The abrupt increase in width at the portal caused
unsatisfactory flow in this region.

Float A, Figure 11, was placed 9 feet downstream from the tunnel
portal. The surging action was not eliminated by the float, but was reduced
in amplitude.

A baffle placed in the transition was next tested @s a means of re-
ducing the surge. Baffle "A", Figure 11, was installed in the position
shown. At a discharge of 360 cfs, Figure 12B, the surge at the upstream
flume gage was 0.20 foot. Flow conditions in the transition and Parshall
flume were improved for discharges from 100 to 360 cfs, but the designers
considered the extra cost of the baffle to be too great for the improvement
obtained.

Transition No. 5--Recommended. The same floor shape was used
for Transition No. 5, Figure 13, as was used for Transition No. 4. The
side walls diverged the same as in Transitions No. 2 and 3. At a discharge
of 360 cfs, Figure 14, the surge at the upstream flume gage was 0. 15 foot
and remamed at this value down to a discharge of 230 cfs. For lower flows
the surge was greater, with the maximum of 0.40 foot occurring at a dis-
charge of 170 cfs. As shown in the figure, the water surface was smooth
with good distribution in the transition and upstream section of the flume.
Performance was the best obtained with any of the transitions tested.

The test using Float A, Figure 11, with Transition No. 4 was re-
peated with Transition No. 5. The surging action was reduced in amplitude
but not eliminated by the float. This method for obtaining smooth flow con-
ditions was not considered satisfactory.

Baffle "A, " Figure 11, was installed in the same position as in the
test with Transition No. 4. The maximum surge which occurred at a flow of
170 cfs was reduced, but at a discharge of 360 cfs, the surge was 0.25 foot
which was greater than obtained at this discharge without the baffle.

The smaller Baffle "B, " Figure 13, was next installed in the two
positions shown. In each position the baffle reduced the surge in the flume
and gave good flow distribution with low discharges. However, at a dis-
charge of 360 cfs, the water flowing over the top of the baffle caused an in-
crease in the surge.

From all the tests, Transition No. 5 gave the best results over the

entire range of discharge. Baffles in the transition section decreased the
surge at low flows, but caused a greater surge at the higher discharges. Fro

4
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these considerations and the cost of baffles, Transition No. 5 without baf-
fles was recommended for construction,

Calibration Tests

Model calibration was made of the slide gates on the box culvert for
a constant water-surface elevation in the canal. The discharge-capacity
curve obtained is shown on Figure 15,

Standard discharge formulas given for Parshall flumes are for rec-
ommended installations in which a minimum length of straight approach is
required. Even though the Parshall flume with Transition No. 5 will operate
satisfactorily the flow in the short approach will differ from thatinanapproach
of proper length. Therefore, the use of standard formulae or model calibra-
tion is not recommended in this case, instead the flume should be rated in
place.

Installation of Parshall flumes or other water -measuring devices in
this manner should be avoided whenever possible and the recommended
straight length of approach should be provided upstream so that standard rat-
ings are applicable. Futhermore, measuring devices not constructed to stand-
ard practice are always subject to question by persons and authorities not
familiar with them. This often results in the construction of additional meas-
gring equipment as a check on the original which in the end is not economical

esign.

Imterior - Roclamatien + Deuver, Colo.
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Figure 6

A. Discharge 360 cfs--Note standing wave
and uneven distribution of flow.

B. Discharge 180 cfs--Wave is smaller

EAST LOW CANAL LATERAL
Transition No. 1 - Preliminary
Operation with Left Gate Closed
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Figure 7

A. Discharge 360 cfs--Note standing waves

B. Discharge 180 cfs--Waves slightly smaller

EAST LOW CANAL LATERAL
. Transition No. 1 - Preliminary
Operation with Both Gates Open
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Figure 9

A. Transition No. 2, Discharge 360 cfs.

B. Transtion No. 3 - No blocks, Discharge 360 cfs.

EAST LLOW CANAL LATERAL
Transitions No. 2 and No. 3
Operation with Both Gates Open
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Figure 12

A. Without baffles

B. Baffle "A'" installed

Discharge 360 cfs
EAST LOW CANAL LATERAL
Transition No. 4.
Operation with Both Gates Open
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Figure 14

Discharge 360 cfs--Note uniform water surface.

EAST LOW CANAL LATERAL
Transition No. 5 - Recommended
Without Baffles or Float
Operation with Both Gates Open
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