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Subject: Hydraulic model studies of small weir box turnout Structures
for general: irngation use--Columbia River Basin Pro:ect
Washington.

PURPOSE

The objective of this study was to develop simple, inex-
peasive, accurate, and maintenance-free turnout structures for
dissipating excess flow energies, measuring the rate of flow, and
releasing flows up to 5 cfs from canals or low head: pxpelines into
farmers' ditches.

CONCLUSIONS

1. A weir box turnout with a 3-foot-wide by 4-foot-long basiu,
a 3-foot suppressed rectangular weir, and the plank baffle shown in
Figure 10C will satisfactorily control and measure fiows to 5 cfs.

2. A weir box turnout with a 3-foot-wide by 7-foot-long basin,
a 3-foot suppressed rectangular weir, and the plank baffle shown in
Figure 3E will control aud measure flows to 5 cfs with effective heads ~
up to 6 feet on the contrc! gate when this gate is at the basin head wall
(Figures 2 and 7), ngher effective heads are permissible when the
couatrol. gates are six or more: pipe diameters- Irom the ends of the: wexr
box inlet pipes. ,

3. A quiet pool on top of the cover of the submerged baffle
provides an excellent location for the weir head gage.

4. The width of the basin at the weir, and hence the length of
the weir crest, should be held within plus or minus 1/4 inch so that
;the weir tables, which are based on a 3-foot-long crest, can be used

‘with reascnable accuracy.

5. The weir blade mus!i' be set level and be sealed to the side
walls to function properly. Itis important that the zero ot the head
gage coincide with the level of the weir blade.




6. The crest ef the suppressed rectm[lgular weir must be
vented to obtain stable operation. A l-ianch pipe at each end should
be zdequate. ‘

, 7. The head required to release 5 cfs into the turnout: structure
with the i5-inch control gate in the head wall fully open was 0.40 foot

(Figure 8D).

8. Submerging the weir causes the discharge coefficient to
deviate from the unsubmerged values at a rate somewhat less than that
given in Table ~12 of the Water Measurement Manual (Figure 8C).

9. A hrge accumulation of gravel in the weir basin had no
affect on the discharge coefficient at low:flows, but raised the co-
efficient 4.6 and 6.4 percent for 5 cfs with the 15~inch head wall :
gate partly closed and tull open, respectwely.

10. The Yakima T-ba(ﬂe and a modification of it were found to
be unsatisfactory at flows greater than about 2 c{s when the head
differeutial across the contrel gate located in the head wall was 1
foot or more (Figures 3A, 3B, and 4).
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INTRODUCTION

. There is a continuing need for simple, effective, and inex-
pensive structures (o take irrigation water from supply canals, . -
measure the rate of flow, and release the water into farmers’ dit:in's
These turnout structures usually must regulate the flow rate, control

and dissipate high velocity currents, and provide a reasonably quiet
pool upstream from a measuring weir. The structures should be
economical to build, simple 2nd troublefree to ocperate, accurate,
and as maintenance-free as is feasible. A turnout which fultilled
these requirements for small_ rates of flow and small heads, and
known as the Yakima-type weir turnout, was developed on the Yakima
Project, Washmgton, Fxgure 1. This turnout, which utilizes a
Cipolletti weir for measuring the- flow, was: described and discussed
in a field trip report dated November 14, 1951 by S. T. Larsen.

The advatce of the irrigation phase of the Columbia Basin
Project renewed the demands for inexpensive turnouts and the Yakima-
type structure was suggested for use on the project. In some cases
the flow rates and operatiag heads will be within the ranges known to
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be satisfactory for the Yakima-type structures, but in many other
cases the discharges and heads will be much greater. To handle

the more severe operating conditions it appeared that the structures
would have to be enlarged, or that design changes would hkave to be
made. The most severe condition anticipated is a 5 second~ioot flow
with a 6-foot head differential across the control valve. This head
differeatial is the elevation difference between the water surface in

the head box and that in the weir pool.

As previously mentioned, the Yakima-type turnout uses a
Cipolletti weir for the flow measurement. In order to use standard
discharge tables for a Cipolletti weir the basin must have a width
about two and one-half times the weir length, a length about four .
times the weir length, and a depth below the weir crest about equal
to the maximum head on the crest. This means that a turnout using
a Cipolletti weir must be relatively large for the discharge passed.
A reduction in the structure size for a given tui'nout capacity was
sought as a means of reducing the cost per structure, ‘and, after
considering various types of weirs and their basin requirements, it
was determined that a rectangular suppressed weir would permit
the narrowest structure, The basin length would be a function of
the effectiveness of a system of baffles in distributing and quieting
the flow as it entered the basin. -

Preliminary considerations suggested that two structures
would be needed to gain the utmost economy in the field installations.
One woul? be inteaded for flows up to 2 cfs at heads not greater than
1 foot. The other would be intended for discharges up to 5 cfs and
heads up to 6 {eet. It was subsequently determined by iaboratory
tests that the smaller structure, as finally developed, would be
satisfactory for discharges up to 5 cfs with head differentials up to
3 feet, and that the same structure would be satisfactory for heads
of more than & feet provided the control gate was placed in the inlet
pipe well upstrean: from the basin, instead of on the basin head wall.
A discussion of tae laboratory tests on the weir box turnout using
the suppressed rectangular weir, and of the results obtained by the

tests, is presented in this report. :

INVESTIGATION

Description of Full-sized Model

For the turnout quantities considered for the Columbia

Basin Project, the field structures are not large being about 3 feet
wide and less than 12 {eet long. The laboratory model was thereiore
made full size, and it consisted of a 15-inch inlet pipe, a head box
containing a 15~-inch square-leafed irrigation gate, and a combination
stilling pool and measuring weir basin (Figure 2). A 12-inch gate
valve upstream of the L5-inch inlet pipe, and the 15-inch irrigation
gate on the head box wall provided regulation of the rate of flow and
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control of the head at thz turnout structure. Baffles were placed in .
the upstream end of the basin to disperse the jet issuing from the

gate to provide smooth flow to the measuring weir., The measuring
weir was of the rectangular suppressed type with a machined metal
blade. The blade extended across the full width of the basin and was
mouated at the top of the upstream face of the movable wall which
was used to form the downstream end of the basin. A tailgate farther
downstream in the model permitted raising the water surface so that
the weir could be submerged. Water was supplied to the model through
the central lnboratory supply system which contained Venturi meters
for measuring the rate of flow. After passing through the model the
water was returned to the laboratory reservoir and was recirculated.
Suitable instruments such as piezometers, manometers, and staff
gages were provided for measuring the water depths and heads.

The same basic model was used for the development of two
structures; i.e., the 2 cfs and the 5 cfs turnouts. The difference in
the two turnouts lay in the design of the baffle covers and the length
of the weir pools. Most of the tests were conducted with the 15-inch
irrigation gate mounted on a wall of the head 'box which formed the
head wall of the weir basin. This arrangement provided the highest
flow velocities and the most difficult flow coatrol problems. More-
over, this was the location most likely to be used in the {ield struc-
tures because of the nearness of the regulating gate to the weir gage.
Near the end of the test program the gate was removed and the pipe-
line was extended through the head box so that the weir basin was
supplied directly from the pipeline. Flow aad head regulation in
the tests with this type of entrance were accomplished with the 12-
inch gate valve 10 feet upstream {rom the mcdel basin, and with a
second gate valve in the permanent laboratory water supply system.

Turnout Structure for 5 cfs with a 6-foot Head
Dillerentia! on Control Gate

Preliminary Tests~-T-baffle

The T-shaped baffle of the Yakima turnouts was tested in
the model basin (Figures 2 and 3A). Fairly good {low conditions
occurred in the pool at discharges to about 2 cfs and head differ- -
entials up to 1 foot across the gate. At i.4 cfs the water-surface
fluctuation in the pool downstream of the baffle was 1/2 inch measured
frcm the peak of the waves to the bottom of the troughs (Figure 4A).
With 3.0 cfs at a 1-fcot head differential, the baffle was not adequate
and there was coasiderable eddying and boiling it the pool (Figure 4B).
In addition water overtopped the horizontal baffle arm and spilled into
the weir pool. These tests showed that better baffling was required
if discharges of 5 cfs were to be nieasured satisfactorily.




Deveiopment of Baffle

Modified T-baffle. The Yakima T-baffle was modified by
adding a horizontal 4-inch-wide shelf to the upstream face of the
upright, cutting a 4-inch-high by 6~inch-wide apening at the bottom
of the upright, and placing a cover over the area {rom the head wall
to the horizontal T-board (Figure 3B). Somewhat better flow was
obtained with this baffle, but it was still not considered satisfactory.

Wide center board with side wall deflectors and cover. A
baffle was suggested in which the {low was made to pass through side
passages of known area, and then caused to {low inward in a manner
intended to produce energy dissipation and improve flow distribution
(Figure 3C). A wall 3/4 inch thick, 27 inches long, and extending 18
inches upward {rom the floor to a submerged cover was placed in the
basin in front of the gate opening. Water flowed around each side of
the wall and was then deflected inward toward the passage center line
by baffles placed at the side walls and a short distance downstream.
The submerged cover extended 4 feet downstream:{rom the head wall
aad was tightly sealed te e head sox and basin walls. The length of
the basin was increased {rom 4 feet to 7 {eet by moving the weir wall
downstream. Better fiow wus obtained with this baffle than with the
previous designs and a discharge of 5 cfs could be passed without
extreme turbulence (Figure 5). Less turbulence occurred when the
control gate was partly opened than when it was opened all the way
(Figures 5B and 5A). Changes in the width of the center ubstruction
and in the size and shape of the side wali deflectors chauged the
flow paitern to some degree, but did not produce acceptable condi-
tions. Removal of the side wall baffles slightly improved the flow
conditions when the gate was at or near the full open position. The
head loss across the baffle was found to be high and a differential
of more than 1 foot was required to pass 5 cfs when the 15-inch gate
was full open. ‘

Pool for head gage. It was believed that if a quiet pool could
ve created in the structure, a staff gage could be installed in it and
rapid and accurate measurements could be made of the head on the
weir. Such a pool was formed near the upstream end of the weir
basin by placing a 2 x 8 timber on edge across the upper surface
of the submerged cover {Figure 5C). The bottom of the 2 x 8 was
notched at three places to permit communication between the water
in the weir basin and in the measuring pool. When the cover length
was reduced {rom 4 feet 0 inches to 2 feet 4 inches, considerably
different heads were indicated in the pool at any given discharge
with the gate operated full open or partly closed. When the cover
length was changed to 3 feet 6 1nches the readings became more
consistent so that at 5 cfs the indicated head.with the full open gate
was only 0. 026 feet greater than with the p%iﬂy open gate. This

degree of accuracy was considered adequaty: for the structures.




Plank baffles with submerged cover. A bafﬂe made’ of three
vertical 2 x § timbers, spaced I nm:‘h apart and extending 19 inches up
from the floor to the submerged cover, produced good flow and per-
mitted u discharge of 5 cfs at a head differential of 0. 43 f/eet Another
baffle made of four 2 x 6 timbers, spaced 1 inchk apart, in conjunction
with the sealed submerged covezr, produced somewhat bmter flow
(Figures 3D and §A and ‘B), and a 5 cfs flow required a head differen-
tial on the gate of only 0. 40 feet. Head measurements on the staff gage
at 5 cfs differed by less than 0. 005 feet when the gaté was operated at
the fuli open or parily closed posntmn ‘

Clo%ng of plark bafﬂes The possxbxlvzy of the plank taffles
acting as trashracks and becoming clogged with weeds was considered,

and a test was made in which a S5-gallon can of lea{y pondweed and wa- .
ter stargrass was slowly emptied into the head box of the model while
5 cfs was flowing through the fully opened gate. Nore of the weeds
caught on the baffle and all were carried through the weir basin and out
of the structure (Figure 6C). Clogging was still considered a possibil-
ity, however, because papers, tumbleweeds, and other large foreign
objects could easily enter the main canal and be carried into the turn-
outs. If clogging should occur, the baffle would be difficult to clean
because of the sealed cover over the area upstream from the planks
This portion of the cover was therefore removed to provide an opening
for the removal of debris. A 2 x 12 was placed on edge on the cover
above the baffle planks to prevent water from splashing into the head
measuring pool. The {low in the weir basin was adversely affecied by
the removal of the upstream portion of the cover and the head readings
in the measuring pool for a 5 cfs fiow differed by about 1 inch at tide
fuli open and the partly open gate settings. Several minor revisions to
the baffle planks and spacings failed to produce any significant {low im-
provement,

Recommended plank baffle. A nonwatertight, removable cover
over the Dalfle cleanout opening (Figure 3E) produced nearly as good
flow in the weir basin as the watertight cover, The difference in head
indicated at the staff gage for a .5 cfs flow with the gate full and partly
open was 0, 025 feet (Figures 7 and 8A). Boils occasionally occurred
“in the basin when the gate.was at or near the full open position, butthey
were considered not frequent enough to be detr:mental to the over-all
performance (Figure 7A). '

The relation of the rate of flow and the head on the weir, as
measured in the staff gage pool, is shown in Figure 8A for conditions
where the gate is full open with the minimum head, and where the gate
is partly opened with a 6-foot head differential. The test points with the
fully opened gate and with the partly opened gate at discharges greater
than 2 cfs closely agree with the values given for a 3-foot suppressed
weir in Table 8 of the 1953 edition of the Bureau of Reclamation Water
Measurement Manual (Figure 8A). At flows less than 2 cfs the head
reading is about 0.017 foot less for partial gate openings than for full
openings. This deviation from the Table 8 curve at partial gate openings
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with flows less than 2 cfs was at firs: of some concern, but the de-
signers decided that new weir tables would be prepared for these
siructures, and there would be no need for developing a weir having

a more nearly constan: coefficient. ‘The plank baffle and submerged
cover design shown in Figure 3E is therefore considered suitable for
field structures, The relation of the coefficient of discharge to the
head on the weir for this turnout design is shown in Figure 8B and the
relation of head loss to the rate of {flow with the gate full oren is shown
in Figure 8D.

Study of Turnout Operation

Effect of submerging weir., The c¢change in discharge coeffi-
cient resulfing irom submerging the weir was determined by raising
the tailgate of the model. At slight submergences the coefficient was
greater than without sutmergence, and at greater submergences the
coefficient decreased (Figure 8C) This is in general agreement with
the submergence data presented in Table 12 of the Bureau of Reclama-
tion Water Measurement Manual, which tabulates the correction to:be
applied to the discharge indicated by the measured weir head (Flgure
8C). The test data for the turnout structure, when presented in the.
same form as that in the above table, is somewhat higher than the table
values at the higher submergences,

Effect of sand deposits in basin. Considerable quantities of
dirt and sand may enter the weir basins from the canals, and by depo-
sition due to winds. These accumulations might become large in struc-
tures that are not periodically maintained or are operated continuously
for long periods of time. The effect of such deposits upon the accuracy
of the flow measurements was determined by placing pea gravel in the
model., The material deposited in field structures will no doubt be much
smaller than pea gravel and may in most cases be washed away under
normal operating conditions. However, it was desirable to ascertain
what the effect of such deposits wculd e on the efficiency of the weir
so the use of the larger material was satisfactory. Three bushels of
gravel were placed in the basin at the foot of the weir i.v the first test,
Check readings were-taken after several hours of operation had elapsed
to stabilize the position of the gravel (Figure 9A), At low {lows the co-
efficient was unchanged and at 5 cfs the coefficient was slightly increased,
More gravel was added to bring the gravel deposit up to the weir crest,
After 4 hours operation at 5 cfs with a 6-foot head differantial on the con-
trol gate readings were again taken. The coefficient remained unchanged
at the low flows but was 4. 6 percent higher than initially at 5 cfs witha
6-foot head differential on the control gate, and 6, 4 percent higher at
5 cfs with the gate fully opened. The gravel deposit at the: end of the
test is shown in Fxgure 9B.

Effect of air vents at weir, The two air vents placed just down-
stream ol the welr blade and below its crest (Figure 2) were kept open
in all preceding tests. When these vents were closed, unstable {low oc-
curred at the crest, particularliy at the higher discharges, because
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intermittent venting occurred through the nappe. When the air vents
were reopened steady flow resumed. The vents are therefore con-
sidered essential for satisfactory operation of the measuring weir
and should be included in all prototype structures and be: arranged
so as to be nonclogging. ,

Turnout Structure: for 2 cfs with 1-foot ‘Head
Differential on Control Gate

Development of Desig_xl

It seemed possible to decrease the size of the turnout struc-
ture for the smaller discharges and gatr differentials, and tests were
made to determine what changes would be practical. The tests showed
that for the 2 cfs structure the baffle cover could be shortened 1 foot
on the downstream end, and the cleanout cover upstream of the baiffle
planks could be removed. The height, size, and spacing of the baffles,
and the position of the cover were left unchanged (Figures 10A and:3E).
The width of the basin was retained at 3 feet because this was consid-
ered the minimum practical size for construction and maintenance pur-
poses. The flow conditions produced by this design at 2 cfs were ex-
cellent, and it appeared that the 7-foot-long basin could be shortened
to 5 feet, Excellent fiow occurred with the 5-foot-long basin and the
design was further sxmphhed by removing the portion of the cover down-
stream from the measuring pool {Figure 108). Good flow persisted and

. the basin was shortened to 4 feet;

}

Recommended design. The 4-foot-long by 3-foot-wide basin
with the four 2 x & planks spaced 1 inch apart, and with the short sub-
merged cover and measuring pool constitutes the recommended design
for the 2 cfs, 1-foot head differential turnout structure (Figure 10C).
Flow conditions in the basin, and head measurements in the measuriag
pool, were exceuent at the design condzhons (Figures 11 and 13A).

Adopted Designs for 5 cfs with Head Differential Lumts
of 3 and 6 Fzet on: Con\trol Gate

Extension of Tests on 2 cfs Turnout Structure

5 cfs with a 3-foot head differential limit on control gate. The
recommended design Ol the 2 cis structure was subjected 10 prOgres-
sively increased discharges to find the practical operating limits and to
obtain data for calibratior curves. The {low at 3 cfs with the gate fully
opened (minimum head), and at 3 cfs with the gate partly closed and a
head differential of 3 feet, was satisfactory (Figures 12A and B). At S5
cfs with a 3-foot head differential the flow was somewhat turbulent with
either {ul! onen or partly closed gate, but not so disturbed that reason-
able flow measurements could not be made (Figures 12C and D). The
relation of the rate of flow to the head on the weir (measured in the staff




gage pool) is shown in Fxgures 13A and B, The values given in Table
8§ of Water Measurement Manual are also shown on these figures, A"
deviation of the test points from the table values was noted, particu-
larly in the case with a 6-foot head on the control gates. The relation
of the discharge coefficient to the head on the weir is shown in Figure
13C. On the basis of these tests it was the designers' opinion that the
2 cfs structure ¢ouid be used without change for flows up to 5 cfs with
head differentials on the control gate to 3 feet. This design is there-
fore incorporated in th: Type | and Type 2 structures shown in Figure
16 (Drawing No, 40-L- 5315). A table, based upon the test data, was
prepared to show the discharges at a suitable range of heads on the
weir {Figure 16). Vertical columns appear in the table for differen-
tiai heads on the control gate {y) of 0.25, 1, 2, and 3 feet in accord
with the deviations shown in Figures. 13A B, and C.

5 cis with a 6-foot head differentiai on the control gate, The
discharge coeliicient with 5 Cis and a head dilierential on the gate
greater than 3 feet deviated too much to be acceptable when the gate
was located-inn the head wall of the basin (Figures 13C and 2).. The
model was therefore modified by removing the gate at the basin head
wall and by extending the 15-inch conduit through the head box to the
basin (Figure 2). This arrangement represented the case where the
turnout control is at, or near, the canal bank and the flow enters the
weir basin through the filled 15-inch inlet nipe. The rate of {low o
the basin was conirotled with the 12-inch*Valve in the line 10 feet up-
strearn {rom the weir basin, and the desired head differential on this
valve could be set by adjusting this valve and a second valve farther
upstrea:n in the supply line, Tests were made at flows of 3 and 5 cfs
with the 12-inch valve full open, and with the valve partly closed, with
head differentials of 3 and 6 feet (Figure 14). Quite good performance
was obtained an- the test data is shown in Figure 15 for the condition
‘where no air eniérs the vent in the pipe line below the valve (Figure 2),
The design is therefore incorporated in the Type 3 structure shown in
Figure 16 (Drawing No. 40-D-5315}). There was little difference be-
tween the curves for the various test conditions, and only one tabular
columr was required for the Type 3 structure (Figure 16),

Effect of air vent below pipeline control valve., An additional
test was made 1n which the 4-inch air veni In the pipeline just downstream
of the 12-inch gate valve (Figure 2) was opened, and the gate was sub- -
Jected to upsiream heads up to 8 feet., The discharge-to-head relation-
ship at the weir remained unchanged. but at the higher heads a hydrau-
lic jump occurred in the pipeline and trouble was cxpcnenced in the
basin with air that was entrained in the jump. Much of the air surfaced
in the open area between the head wall and the baffie planks and waves
were created which carried through the basin. The remaining air passed
under the cover and surfaces in the weir pool where it created additional
waves, These small choppy waves communicated with the water in the
measuring pooi and caused undesirable surface fluctuations. It was con-
cluded that air vents shouid not be provided below the gates of the Type
3 structures and that this type structure should not be used in settings
where there is danger of cavitation below the throttling valve,

g




Figure 1
Report Hye 396

B. Weir pooi, upper part of T-baffle, and Cipolletti weir - Flow
about 0.5 cis.

WEIR BOX TURNOUT STUDIES
Field installaticn - Yakima-type Turnou?
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WEIR 80X TURNOUT STUDIES

BAFFLES FOR 5 CFS TURNOUT WITH 6 FOOT HEAD
DIFFERENTIAL ON CONTROL GATE
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A. 1.4 cfs with ! foot head on con~
trol gate

B. 3 cfs with 1 foot head on control
gate

WEIR BOX TURNOUT STUDIES
Fiow conditions - 5 foot long weir basin with Yakima-type T -baffle
Full size model



A. 5 cfs with 1,67 foot head differential v
on full-open 15 inch control gate L

B. 5cfs - 6.16 {foot head differen- C. 5 cfs - 1.14 foot head differen-
tial on 15 inch control gate 5.5" tial on full open 15 inch coatrol
open gate. 2 x 8 on top of cover

forms quiet measuring pool.

WEIR BGX TURNOUT STUDIES
F'low conditions - 7 foo! long weir basin with wide center plank baffle,
sidewall defiectors, and submerged cover,
Full size model ‘




Figure 6
Report Hyd 396

5 cfs - 0.54 foot head dif- B. 5 cfs - 6.16 foot head dif-
ferential on full open 15 ferential on 15 inch control
inch control gate. L gate 5.2 inches open.

C. Leafr Yond Weed and Water Starr
Gras% put through the turnout. None
was metained on baffle.
WEIR BOX TURNOUT STUDIES
in with 4 vertical 2x 6

Flow conditicns - 7 foot long weir basin
planks and watertight submerged cover,
Full size model




5 cfs -~ 0.40 {oot head differential on full open
15 inch control gate.

B. 5 cfs - 6.0 foot head differential on 15-inch
coantrol gate 5.2 inches open

WEIR BOX TURNOUT STUDIES
Flow conditions - 7 foot long basin, S cfs-6 foot head turnout structure
with recommended plank baffle, sultnerged cover,
and removable cleanout
Full size model
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Figure 8

Report Hyd 396

A

Pattern assumed by 3 bushels of pea gravel
after 2.3 hour run at 5 cfs with full cpen con-
trol gate.

S

B. Pattern assumed after more gravel was added
to that shown in "A" and after 4 hour run at 5
cfs with 6 foot head differential on control gate.

WEIR BOX TURNOUT STUDIES
Gravel deposits used in tests
Full size model
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B. 2cfs - 1 foot head dfﬂerenual or: control gate

WEIR BOX TURNOUT STUDIES -
Flow conditions - Recommended 2 cfs - 1 {oot bead turnout structure
wiih plank baffie and short cover
’ Fuil size model
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