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As the Nation's principal cohservation agency, the Deoartme\t‘\! of the
interior has responsibihity for most of our nationally owned public
iands snd natural resources. This includes fostering the wisest use of
our land and water resources, protecting our {ish and wildlite, preserv.
ing the envirdnmental and cultural values of our national parks and
tustonical places, and providing {or the enjoyment of lite through out
door recreation. The Department assasses out energy and mineral
resources and works 10 assure that their development |i;)n the best
interests of all our people, The Department also has 3 major resposi:
sibility for American indian resarvation communities and for people
who live in island Territories under U.S. Adrministration.

The research covered by this report was funded
under the Bureau of Reclamation PRESS (Program
Related Engineering and Scientific Studies) alloca-
tion. “USDA Ramp Flume for Discharge Measure-
ment,” DR-432. Additional funds supporting this
work were furnished by the OCCS (Open and Closed

Conduit Systems) committee.
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PLURPOSE

Progress achieved in thix study is part of a program td gain Bureau experience with
ramy flumes; | )
¢ 19 verify a«,‘t.fura‘(.*’\' of camputer calibrations,
to verify existing design criteria.
to develap further criteria. if needed. and

to determine flume response to some simulated field conditions.

CONCLUSIONS

1. Comparisonsof ao’f‘\gracy between model ealibrationsand computer calibrations
for four different length ramp flumes indicate that computer-calibrated small-size
ramp {lumes are at least as accurate as Parshall flumes. Ramp flumes have a
potential aecuracy within 2 to 3 percent.
2. Computer programs were modified to output limit warnings where?
. e submergence limit.

¢ Froude number eriteria, and

e crest length eriteria
have l)éen» violated, so that inexpcricnéed users will reevaluate and provide
adequate design data.
3. The main construction requirementsare crestsof proper length and level bothin
the direction of and transverse to the flow. The main calibration requiremen{ is
thatall the dimensions — especially the crest width of the ramp and canal section —
be measured carefully after construction. Ramp flumes can be calibrated by
computer, using the after-construction dimension measurements. Thus, form
movement and other construction errors can be accounted for accurately. Cali-
bration by computer allows more tolerance during construction — savingtime and

cost.




~t

4. Model dats indicate that the total measuring head should be less than half the
crestlength so that a potential accuracy of 2 10 3 percent i« obtained
5. Total head at the measuring station should he greater than onewentieth of the
crest length to assure no undulation of fiow on the crest cavised by frictional control.
To provide sufficient measuring head relative 1o precision of head measurement.

the measuring head should be greater than about 60 mm (0.2 fy).

Y

6. The Froude number of the approsching canal flow should bie less than 0.5 10

prevent standing waves from interfering with messurements,

7. A rescarch program should begin using the'Burcau's laser-Doppler anemometer
to determine velocity distribution coefficients in terms of Revnolds number and

flow seetion shape to improve mathematical hydraulic modeling.

8. From the model having the vertical drop. at the downstream end of the crest.
data indicate asubmergence limit of about 85 pereent. Thatagreed with the elaimed
submergence limit for small ramp flumes at which'the actual discharge deviates -1

percent from the free flow head-discharge relationshipi:Therefore, the required

- : WG .
minimum head loss was 15 percent. For the model ramp flumeswith.6:i downstream

diverging ramp slope. the submergence limit was about 92 percént.

9. Pressure measurements indicated that ranfxp flumes are relatively insensitive 1o
measuring station lach‘lﬁion. A measuring station location 305 mm (12 in) upstream
from the toe of the ramp is the minimum that should be allowed fo“l‘-'3:l’" ramp flumes
in small irupezoidal canals. '

i~

ercent

10. Cost estimates for a 26.3m3/s (930-f13/5) ramp flume were from 45 to 60

of thatforan equivalent capacity Parshall flume in a retrofit situation. Investigators

have cited costs for the small ramp flumes of one-tenth to one-third theicos! of

equivalent capacity Parshall flumes. This cost effect probebly was due to more

(3]

-
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common foundation requirgments for both Parshall and ramp flumes at the large

. . /,
CApACily rizes, o

/x
11, Because of good accuracy pateniial and possible cost savings. s large prototype
ramp Humv ‘should: be built and calibrated in the field and «*ompare‘d with '
computer mhindlmn During field calibration. the aubmorgnmﬂ limit should be -

determined 1o ascertain if there ix a scale effect — ‘wimilar to Parﬁhall flumer —

causing increased submergence depth limits for larger flumes.

~ v

12, Laboratory tests m’(*d 10 lw made to d('l('rmmo the (’apalnhl\ of the ramp flume

te pass sediment without allowjng deposits to_affect or interfere with flow

N

measuremetils.

INTRODUCTION
From the Water Conservation Labr_\ra!‘ory». Agriculture Research Service, USDA
(U.S. Department of Agriculture), J.A: Replogle and ‘A.J.‘Clémméns de\"cloped
computer programs for calibrating irapezoidal measuring flumes. Their programs
a"’c(‘(mm'for boudary Iaycr'devclopmem and accuraciesof 2 percent are claimed. The
simpl‘::st, type of flume consistsof aramp slepe 3:1 approach up to a horizontal broad
sill or crest having a vertical downstream drop back to the canal invert (see figs. 1

and 2).

Various articles by Replogle and Clemmens (se b)b iography) indicate that ramp

flumies are easy to install in existing canals to meet present and future water-

i
i

mcu;urmb requirements for operation and conservation needs. Small (farm ditch
suc,) ramp flumesare reported to cost one-tenthto one- -third of Parshall flumes{1].}

T he) have relatively small head losses and are'able to tolerate higher submergences.

)

Su bmergvm‘e limits of 85 percent for a vertical downstream crest face [2] have been

.7 Numbers in brackets refer to the Bibliography.

Ay




cited. The limits approach 95 pereent forlong-throated {lumes A svmiler inrreasen
,?;ubmt*rgenvﬂ limit viar eapected to occur for ramp Humeswath 6.1 vlapes ?wgmm;ﬂz
from the downstream edgé of the crest. The authors cite another advantage. ramp
{flumes can be calibrated by computer uring altercanstruction dimensaon measure.
ments. Thus, form slipping and construction errors can be acenunted for accuratels

which allaw more construction tolerance.

Ramp flumesare reported to have no more significant problems with sediment {5}
than other flume devices, Foranew decign and of the normal flow depth requred to
move the sediment is known, sufficient draop can be incladed to caure near normai
flow botfi upstream and downstresm of the flume. Becaure the flaw accelerates, it is
expected that most sediment carried into the approach canal ihg Dwill gopoverthe

ramp 5]

An article by Clemmens and Replogle [1] was repiroduced in Bulletin Neo. 107, It

deseribes some experience by the Arizona Agriculture Research Center with ramp

flumes. <

The Bureau’s Upper Missouri Region is using ramp flumes as chechs and is planning
to install more. The Chief. Dexign Branch. Billings. Montana. contacted the
Hydraulies Branch (E& R Center) and inquired about the flumes and data verifving
the claimed accuracy for using ramp flumes as measuring devices. Lack of

experience was the main reason for this study and investigation.

The Hydraulies Branch was provided with two computer programs by the

investigators:
/]
— BASIC program for ca(’lbruting simple trapezeidal flumes [3]
— FORTRAN progranizapable of calibrating complex trapezoidal flumes |6} with

multiple side slopes in the approach and throat section.

2 Water Operation and Maintenance Bulletin No. 107, Burcau of Reclamation. p. 148.. March 1979,

o




BASIC PRINCIPEE

W eir Regimes and Crest Length Criteria

The ramp flume v actually a brosd-crested werr having a 31 slope approaching the

crest. Bor [T] rummanizes flow regimer sn terms of Ho Lo for 8 rectangular weir
profile. where I i total head thig. 2y relative 1o crest elevation at the measurning
rtation and Ly v erertlength. Inmightinto design ervteria and perfarmance imte of

ramp Humer requires understanding these regimes

When
H. 1. 008

frictian of the crest controls and undulations can geeur an the erest.

When

0.08 = H, Ls = 0.33 )
parallel flow exists on the downstresm third of the crest and the coefficiemt of
discharge is constant over this range of Hy L Only when a weir operates between

these limits, it is operating in o true broad-crested manner.

When

0.33 < H: Li<f{rom about 1.5 10 1.8 i3
parallel fl;;u does not gecur over the crest. Flow curvature causes increase in the
coefficient of discharge. and control is near the leading edge of the crest over a

separation cavity,

When
Hi Lz > about 1.5 {4)
flow becomes unstable and. depending on corner sharpness. can spring free. At

H: L; of 3 or greater. the flow acts like sharp weir flow and is stable.




These rnequality refations defiae flaw regimes. Replogle chove a criterion cimilar to

relationship (2 toassuresufficient paratielflowso that the Bernoulliequation can be

ured without curvature correction in the computer programs. Replogle’s [8] recom-

mended design eriterion in terme of total head H; at the mivesering «tation was

0.05= Hi Ly = 0.50 (5]

Taprevent wave interference. Replogle further specified an upper fimiting Froude

number Vgl of 0.5 {or the approach flow.

“!l('rf"
g = gravitational constant (acceleration)
hvdraulic mean depth or 4,,'T),
area of approach flow rection

top width of approach flow section

Computer Programs .

Basicully, the ramp flume is a critical-depth mearuring device. In the computer
programs, Replogle uses the relation for discharge ¢ at critical depth (occurring

somewhere in the downstream 173 10 1/4 of the crest {ig. 2) for any shape channel

0 (MT@)

expressed as:

AL ‘l('r('

Q) = discharge

Ay = flow ares for the entire critical depth or control location
which varies with discharge

gravitational constant (acceleration)

velocity distribution coefficient or kinetic energy correction
fuctor X(V{ A4,/ T3 A3) at the control section

top width at the control seetion

velocity for an incremental flow area (A43)

average velocity for the entire control section

6




i

Replogle [6] uned the energy relation. far the reach between the measuning station

and eritical depith location. with friction loss Hondluded and espreceed acihig 2v

h,=h o (O 2g4 - 4, 2T, - H (T

where
h. = mearuring station head felative to crest

h, = cantrol station head relative ta crest

Computer routines were developed ([3] and [6]) to determine the velociiy distribu-
tioncocfficient o forwideflowand frictionlossduringboundarviaver development,
Thecomputer programe assume thata, ir1.0dand thaydesigneriteriarelationsin ()

mahe flow sufficiently parallel so that curvature effect is insignificant.
THE MODEL
Laboratory Flume and Measuring Techniques

Upper Missouri Region personnel use ramp flumes for checking flows up to
142 m3,/ % (50 f13x). The Bureau’s Hyvdraulic Laboratory cannot supply this capacity
so a seale model was considered. A 1:3 scale model was selected as the smallest that

could be useful in checking accuracy claims of 3 percent.

Figure 1 shows the laboratory testarrangement with the L3 scale model ramp flume
installed. The approach had about a 1:1% side slope. a length of about .9 m with a
top width of 1.4 m and a depth of about 0.34 m (16- 3.4- L1I-ft respectively). A
headbox having a rock stillingand distribution baffle.and a bellmouth entrance to
the canal section, was provided to smooth the approach flow. A downstream
flap-type tailgate was installed to vary the submergence. The ramp and crest were

poured in concrete as shown on figure L.




Fiow through the ramp flume war measured with salumetricalhy cabihrated sentur
J . ’

meters Venturimetersarcaninegral part of the permanent Hivdraubic Faborator

lacidity and accurately measures discharge to within =} percent. The meterchave a

potentisl acous ooy al 240 pereent.

Mensurig head hoand subimergence head b, were transmitted to hook gage wells by
plartic tubing for more accurate measuring. The repeatability of reading water
surfsce oles aiinn» with hook gager in the wells war 203 mm (20012 100 Mearuring
heasd warmeasured 300 mm (12 i upstream from the toeof the 3:1 ramp. Orniginally,
the model submergence measuring station war located 142 m (1,67 furdownstream of
the crest and 306 mm (133 {0 {rom the flap gate. This location was considered too
clore to the downstream control flap gate to study rubmergences having a 6:1
dowr tream diverging ramp slopeto compare with thesertical drop. Therefore, 2.4
m (8 1) of downstream channel was added making the model suhnﬂ*rgvnw station

1.32 m (0.0 1ty downrtream of the crest and 1.83 m (6.0 {1y from the {lap gate.

Velocity measurements were made with a pitot statie probe mounted on point gage
vernier rachs that were referenced to the ramp flume crest elevation. Pitot tube
pressures were transmitted to a pressure cell connected to a digital voltage display

scaled to read pitot differential directly in feet of water,
RESULTS

Test of Legation for Mensuring Station

-
Calibrations ol all the differenterestlength ramp flumes were done with measuring
stations that were 0.30 m {1 ft) upstream of the toe of the ramp. This provision ixs
intended to keep the measuring station out of accelerating flow and/or curved
water surface. Sometimes measuring stations are placed dc,:libcralcl_\‘ in the

accelerating part of the flow: consequently. making installation of pressure taps or




stall gapes a critical ronstruction meassurement regarding accuracy, In daoing thae,
one presumed advantage i that the megsaring vtation ss located within the desics
iself. providing better cantral for prefahricated devices. However, putting the
measuring station o flow curvature generally makes computer calibratione more
diftieult. Determmation of head loss and sulimergence himitations {or ;;‘u‘&isrwlz.'
crest elevations are moredifficult

To mvestigate the effect of water Hn‘m;t* curvature, seven prezometer taps
including ane at the measuring station — were spaced 15 m (005 ft)apart. starting
fromthetocof the ramp. te 0.91 m (1 yuprstream. Water surface clevations for {ive
dircharges ranging from 0.28 10 112 mY 2 (1010 50 12 st were obitatned with these
taps to compare them with the meararusg station values, Discharge error cansed by
wiater surface curvature or from using another location than the cabibration
measuring station war determined. Discharge error for the tap at the ramp toe
ranged from 1% to -Sand averaged about -3 percent. At0 1 m 05t from the toe,
cli.h«-hur;.u-,«'rn:;\ ranged from +lid to -2

discharge errors for all the remaining upstream taps other than the measuring
station — fordischarges greater |lm:) .28 m* < (10 1Y s} weérewithin 0.7 percent.,
For sonme unhnawn rdason. error at .28 m#* s was ~2.0 percent for taps 0.40 and
0.90m (1.5 and 3 ft) upstream of the toe. Variation hetween piczometer tap
geometry probably contributed to these resultsto saome extent. The percent error of
discharge from using heads other than the head measured st the measuring station
(forall the discharges and piezometer locations)is given in table 1. Based on these
resulta, placing the measuring stations 0.30 m (1 ft) upstream of the toe of the ramp

i~ considered generaliy adegquate for small ramp flumes.

As a further precaution. the range of flow — where the approach length (the

measuring station distance plus the ramp length) is greater than five measuring
heads -~ should be minimized. Maintaining this approach length criterion

maximizes the flow range which matches the computer assumption that contraction




androughnew determinesthe computer calibration esclusively, However measure.
ments made when the approsch length s greater than five measoring heade are not
necersgrily wrong but rhould he infrequent.

N

Model ta Computer Calibyration Comparison

Laboratory calibrations for 0.460-. 091 108 and | .6-m (1.5-. 3.0, 353 and 5 251y
crest lengthe for a erest height of about 0.30 m (1 {1) are plotted with circde symbole
an figures 3 through 6, respectively, Curves were fitted by eve theough maodel data.
Caomputer calibvstions were made-and are triangle symbols on the same plots.
Log-dog least xquares curve fite alko were made with the model dats of (J;iu'hnrgv
versus measuring head, The values of pereent difference hetween least sqquares fit
computed and model valuer of discharge were not as small as the suthor expected,
Maximum differences are given in table 2 along with the coefficient 4 and the

expanent n for the equation:

Q= AN (8)

where isthe discharge and Iy is the messuring head. Values for these equationsare

indicated as squares on figures 3 through 6.

Table 3 summarizes comparisons between model and computer calibrations.
Column I lists the crestlengths, Column 2 gives the percent deviation of model from
computer calibration athe head of 0.27 m (0.9 f1). Column 3 gives percent deviation
at the mavimum discharge at a measuring head hy equal toone-half the crest length.
Column 4 gives the maximum percent deviation of the model data about the curve
(eve) fitof the model data. Columns 5 and 6 list maximum discharge and measuring
head determined on the basis of equation 3. Table 3 shows that the computer
\K\‘\\:Tf.f.f
program generally determines calibrations that were always less in discharge for
given mesuring heads than measured flows in the model. All model data in table 3
were within +4 percent (column 3) of the laboratory ealibration which isaccurate to
* 1.0 percent. Therefore. it was coneluded that the computer program is potentially

acceurate 10 -2 to =% percent for small ramp flumes.

-




Althaugh the computer programi produced calibrations of «ufficient accuracy.

deviations were consistently one rided. For given measuring heads. the computer

“i :

5

programs generally predicted lower discharges compared to ﬂuwo measured in the
model. Thircould be due ta the combined results of one or more of the approsimate
equations and assumptions of how velocity distributidn coefficient o and {riction
Josn H vary with thape and hyd raulic parameters, With s laser-Dappler anemometer
(available in the laboratory) the Bureau should begin a research program to
quantify the velocity distribution coefficient o in terme of Revnolds number and
rhape for fiow sections. Better capability of selecting proper ¢ values would be of

considerable help to mathematical modelers in solving hydraulic problems.
Submergence Festa

Thesubmorgenece depth limin pvn-vrnﬁige(ﬁé. Qcanbedeflinedasthevalucofih, h)
x 100 where the actual discharge is 1 percent higher than the discharge (‘(‘,);n[»ul(rpi
from the free-flow relationship. This definition ‘m‘-as used for this s!bud_\ Subtracting
thisvalueofsubmergencedepthlimit percentage from 130 istheminimum required
percent ol waterdepthchange required todeliver waterwithouthaving submergence
interfere significantly with the accuracey of flow measurement. Other investigators
and the computer program use total head (fig. 2) to determine total head
submergence limits (H;/H;) X 100. Total head submergence limits are generally 1 1o

1.5 percent greater than submergence depth limits (hy/hy) X 100.

To studysubmergence: the 1.08-m (3.53-ft) crest length ramp flume was used. Three
different discharges were set and held constant l)\ laboratory venturi meters and
valves.Submergence wasvaried by thedownstream flap gate. Theresultsfor0.67 m3/s
(23.61t3/s)areplottedonfigure 7. Thisplotand the data for the othertwo discharges
indicate that the submergence depth limit isat about 85 percent and that discharge
measurement is extremely sensitive to error just beyond the submergence depth
limit. Visual determination of whether submergence exists is difficult to observe

near the limit. ft requires actual experience of having scen flow near the limit.

11




Figure 8a shaows flow conditions when the ramp flume e definitely operating in the
free-flow mode or with submergenee depth lese than 85 percent. The wave or roller
generally is transverse to the downstream canal. Figure 8h shows the flow conditions
when the submergence depth s just at the 85-percent limit. The straight portion of
the wasve persiste in the conter of the flow. but at the xide slopes the wave forme
unstahle diagonal disturbance lines oscillating from juct downstream of. and to the
end ot thesilldrop. Figure 8cshowrdefinite submoergence withthe dicturbance lines
at the side slope starting over the downstream one-fourth of the sill crest, Figure 9

shaws sheteher for the same conditions xhown on figure 8,
) 7

A 6:1 downstream diverging ramp wars added to the ramp flume to determine how
much the submergence depth limit inereased. Messaring heads versur pereent
. « . [VATY .

submergence at three different constant discharges covering the device range
resulted ina submergence limit of 92 percent.

Parshall flume experience indicates that as Parshall flumes get larger. they have

(b

increasing submergence depth limits. This may be due to the location of the
downstream measuring station or scale effect, This possible scale effect should be

checked on large ramp flumesin the field.

Although correction procedures and .-:ul‘)nufrg"ed calibrations frequently are pro-
vided for flow measuring devices. generallyvitis not considered good practice to use
flume-type measuring devices under submerged conditions. Any technique that
providesforsubmergence correctionincereasingly sacrificesaccuracyassubmergence

increases.

Designing a device that is to be submerged throughout all or part of its flow range
requiressingacalibrationrelated toameasuringhead differential. Havingasecond
downstream measuring head station doubles the chance of wrong readings. Sub-

merged discharge ratings are related to small differences of measuring heads. Small



imprecikions of water surface elevation measurement cause large errora. Ac sub-
mergence becomesgreater, the mvamriné head dif "ervm ials becomesmaller anvricl‘.hrf
differential approaches values that are ahout the s;mtr magnitude as fnr minor
svarigtioneof hydraulicfarmand frictionloss. Thus. corrections far submergence can

he quite insceurate,

A device designed for submergence is sensitive ta change of downstream flow
conditions. Userscantemporarily dam the ditch downstream of a mearsuring device

and thenremove the obstruction after the irrigation operator has set a flow and gain

considerably more than their fair share of water,

Knowledge of required minimum head loss is needed to design a ramp flume for s

particular site or case. Because of this and the above reasons. consideration of

submergence in this study is directed mainly toward determining the submergence
2

depth limits for ramp flumes rather than attempting to ;)r()\)idc submergence

correction data.
Water Surface Profiles

Measured water surface elevations versus distances in the direction of flow are
plotted on figure 10 for discharges of about 1.4-,0.57-,0.28-. and 0.14-m3/5 (50~ 20-,
10-, and 5-f13/5). Although water surfaces are curved throughout this range of
discharge, the assumption of parallel flow for computing measuring heads is
apparently close enough to produce computer calibration discharges that are within
-2to-3 percent. Figurel0 profile.fordischargesless than0.03 m3/s(1{t13/s),isstrictly
schematicand showsundulatingflow that canoccurwhen friction controls crest flow.

The ramp flume will not function as a measuring device in this case.




’

Veloeity Distribution Cocfficient

Velocity data were recorded on the downektream third point of the erest {fig. 2) 10
caleulate velocity distribution coefficient oforadischargeof 0.34 m2/6(12.2 %/} for

3 vertical profiles:

~ for 5 velocity arca zones. o wax 1.129

— for 11 verticals and 9 zones, o was 1.094

— for 11 verticals and 10 zones, o war 1,005,

The computer program computed 1,013 for that same discharge. The (‘ly‘wi”’crcn(‘c
hetween the computer and measured a does not explain the one-sidedness of the
differencebetween modelcalibrationand computercalibration discussed previously
hecaure larper values of computer o would increase the difference. Further study of
velocity distribution coefficients should he made inan effort to determine the cause
or causes for the one-sidedness. Possible causes are the computer routines for the a

coefficients, friction. and modeling assumptions.

Demonstrations and Cost Analyses

The ramp flume was demonstrated for water measurement sessions at three Bureau
~ Water Mangemuont Workshops. About 25 percent of the participants requested
copiesof any written reports generated by the studies. Denver Officestaff requested
dimensions for some larger proposed ramp flumesfrom 5.66 1026.3 m3/5(200 10 930
f13/s) for design studies. In 1981 a design study was made for the Charles Hansen

Feeder Canal comparingcostsof a9.14-m (30-f1) Parshall flumeandarampflume. The

Parshall flume was estimated to cost $100,000, and the ramp flume was estimated to

cost between $46,000 to 560,000. The 9.14-m (30-ft) Parshall flume had to be used
ratherthana6.10-m (20-ft) flume because of head loss problems. Inthiscase the costs
are not as small as cited in [1] (ene-tenth to one-third) for small ramp flumes.
However, expected savings would diminish with increase in size because flume

foundation requirements become more similar, but cost savings are stili substantial

14




for large ramp flumes. Thus. a large ramp flume should he built in the field. The
flume could be either permanent or temporary and studied during the carly «lages
whenthe projectisoperatingbelowdesign capacitysothat more{rechoard yersatili ty

is available for checking possible scale effect on submergence depth limit,

¢
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Table 1. - Percent difference of discharge using head from a location
other than the measuring station

Piezometer location
distance upstream
from ramp tge ‘ Discharge m* v tf1? 4y

—

f m 1410500 L3 ¢a0)  0.85(30) 0374200 Q2810

r 0f('tln H

0 -3 3 07
0.15 - +1.25 0.7
0.30* - - -
0.40 -3
0.60 0

5 0.76 5 6.7
3.0 0.91 - . 0.7

* Mearuring station,

Tk

Table 2. — Coefficients and exponents for equation® and percent comparison
between the least squares fit and the measured discharge for four

different length crests of about 0.3-m (1-ft} height

Crest length *Coefficient A
— “LExponent n

comparison

ft m in-lb system 51 system

0.16 19.4] 14.857 1.834 =3.0
0.91 18.63 1.362 1.7% S o5, I
1.08 18.83 4472 1.790 =4.0
1.60 1854 . 4.367 1.783: =25

*For discharge Q = 4ht. m¥/s (f137s), . h, = measuring head. m ({1},
& 1

l ‘
,
l .
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Table 3. . Accuracs extimates deiermined from calibration curves

< it 4
Praererert ooy smtasse: foresnt des ot $epamed
sal wrassie! damhiargs of maesdr? dam bt ge sty dewamt sern
Lyermm rum;uﬂr‘v ferser sormmiprastog ol rrerdei diw harge hot ]
} e bmrge wt B e Aimehprys o) mar {ener mudel Muvirgum M oax oy
§eent lengih % L rvieamarang D ik brmrge 2 byemed T vurve Lt dime hrat gt remenarityg e’

I " fremat syewt fength fr* . o 123 ™

1.5 .36 S 11031 075 0229
1.0 (4.9] +2 2y 38 1.08 1.50 0.357
353 108 -3 . <3 \ 31 153 LTS 0533
3.2 160 +3 it -3 263 0802

~

CHend viotater desipn oriterin cqiation (i

i Hared on design s ntera cquation i)
ot enough model depth 1o deternmune
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Figure I. — Laboratory ramp flume — model test arrangement

93

. -l
w. . .
PRETR
l |
' .
l >




Critical depth 70ne = 2

Totol megsuring hedd =
1 M= h s virzg
{

Total submer gence heod = H

2™ hee V

V2, 2q j h, = megsuring heod h, = Submerges read

B Ll R,

s o e YT

!. gL 3
! Q ~ 5 \ .
0.30m 094m {rest iength = {vorigbie!

Tis

ELEVATION

Figure 2. — Details of concrete ramp flume tested
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Mission af the Bureay of Reciamation

The Bureay of Reclamston of the U.5° Department of the interor i
resoansibie for the development and conwtrvatian of the Naron's
wgter resources 10 the Wegstern ifnited States )

The Bureau's origingl purpase “to provide for the reclamation o1 arid
any serviarid fands in the West” rodsy covers & wide r;gbgﬁ af i terre.
lated tunctons. These include provding marcipal and indusirisi water
supphes, hydroelec ic power generation, irrigalion warter {or agricur-
ture, warer quality improvement; flaod control: river navigation: river
regulation and control, fsh and witdlife enhancement; ourdoor recres
Hon, and cesearch Gro water-related design, consiraction, materials,
sunogrheric management | and wind and solar power, ‘

Bureau programs magst frequentiy are the resull of ciose cooperation
with the U5, Congress, other Fodersl agenciss, Stetes, local govern-
e, ACRIRMIC INSTITU LGRS, Waler-user Organizltons,  and srher
concerned groups. ’

A free pamphlet is avsilable from the Bureau entitted “Publications
for Sale.” 11 describes some of the technical publications curreatly
avatlable, their cost, and how 10 order them, The pamphler can be
obtained upon request from the Bureau of Reclamation, At D-822,
P O Box 25007, Denver Federal Center, Denver CO 80225-0007.




