Utah State University

Digital Commons@USU

Reports Utah Water Research Laboratory

1-1-1969

Cutthroat Flow Measuring Flumes for Flat Gradient Channels

Gaylord V. V. Skogerboe

Follow this and additional works at: https://digitalcommons.usu.edu/water_rep

6‘ Part of the Civil and Environmental Engineering Commons, and the Water Resource Management

Commons

Recommended Citation

Skogerboe, Gaylord V. V., "Cutthroat Flow Measuring Flumes for Flat Gradient Channels" (1969). Reports.
Paper 96.
https://digitalcommons.usu.edu/water_rep/96

This Report is brought to you for free and open access by
the Utah Water Research Laboratory at

DigitalCommons@USU. It has been accepted for /[x\

inclusion in Reports by an authorized administrator of /\

DigitalCommons@USU. For more information, please (l .()Al UtahStateUniversity
contact digitalcommons@usu.edu. /rg;m MERRILL-CAZIER LIBRARY


https://digitalcommons.usu.edu/
https://digitalcommons.usu.edu/water_rep
https://digitalcommons.usu.edu/water
https://digitalcommons.usu.edu/water_rep?utm_source=digitalcommons.usu.edu%2Fwater_rep%2F96&utm_medium=PDF&utm_campaign=PDFCoverPages
http://network.bepress.com/hgg/discipline/251?utm_source=digitalcommons.usu.edu%2Fwater_rep%2F96&utm_medium=PDF&utm_campaign=PDFCoverPages
http://network.bepress.com/hgg/discipline/1057?utm_source=digitalcommons.usu.edu%2Fwater_rep%2F96&utm_medium=PDF&utm_campaign=PDFCoverPages
http://network.bepress.com/hgg/discipline/1057?utm_source=digitalcommons.usu.edu%2Fwater_rep%2F96&utm_medium=PDF&utm_campaign=PDFCoverPages
https://digitalcommons.usu.edu/water_rep/96?utm_source=digitalcommons.usu.edu%2Fwater_rep%2F96&utm_medium=PDF&utm_campaign=PDFCoverPages
mailto:digitalcommons@usu.edu
http://library.usu.edu/
http://library.usu.edu/

.. DRAINAGE

= DRAINAGE: -~

SEVENTH CONGRESS R 16

 CUTTHROAT FLOW MEASURING FLUMES
- FOR FLAT _GRADIE_N’_I‘. CHANNELS? o
:  Gaviowp V. Sxoemrmoet
| ‘The cutthroat flume :éélﬁ"6i.9¢ré_t€>f-_eit'_l.1ér.-_a‘s. a free. or '-'suf_):lﬁeféed.-ﬂéw o
" structure. - Submerged flow calibration curves and free flow equations. have
| been developed. - Rectangular - cutthroat flume sizes of 1,2, 3, 4, and 6

; brated. The value of transition ‘submergence ‘s listed - for each of the -
¥ rectangular and. trapezoidal cutthroat” flumes.” © " LT T

. The most obi!ious adv
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feet were studied -and fested in the laboratory. Trapezoidal cutthroat flumes = .
having zero - (or V-shaped), “6-inch, and-12-inch throat widths were cali- e

ntage of a cutthroat- flume is-economy, - since R

fabrication is facilitated by a flat bottom and removal of the throat section. - .

- Another advantage is that every Aume size - has ‘the same -wall " lengths “in
both the entrance and exit sections, allowing the same forms “or patterns to
be used for any flume size. The use of a consistent geometric.shape allows
accurate predictions of discharge ratings for intermediate flume sizes, . -

The dimensions and “criteria for - constrocting ‘cutthroat . flumes are
given. ‘Proper installation and maintenance ‘procedures -are. described, “as I
well as techniques for measuring flow depths which ‘will ‘yield :satisfactory -

| . RESUME_

. Le jdugeur ““cutthroat™} peui_ fonctionner soit comme ja'ugcur_ dénoyé
soit comme jaugeur submergé. - Les courbes de tarage pour '1_es jau_gev.__lrs .

*Fe jaégeur “Cutthroat” péur' 14 mésiire des débifs daﬁs les éﬁﬁau_x E p'ent'es faibles,

¥ Research Project Engineer, Utah Water Research Laboratory, College . of Enginecer- -
Ing, Utah State University, Logan, Utah 8432t US.A, ... .. o .

. -} Jaugeur dont la section. du col a £t€ suppérimee, - -

977




24,238

submergés et les équations d’écoulement pour les jaugeurs dénoyés ont été
développées. Des -canaux ‘‘cutthroat’ 3 section transversale rectangu-

laire de 1, 2, 3, et 4, 6 pieds ont été étudids et testés au laboratoire. Des

canaux “‘cutthroat™ A section trapézoidale ayantau col une largeur de base
de zéro pouce (forme en V), 6 pouces ot 12 pouces ont été étalonnés, Le
rapport entre la hauteur d’eau aval et la hanteur. d’ecau amont (ou “‘sub-
mergence’’) est donné pour les jaugeurs “cutthroat™ a section rectangulaire
et trapézoidale.

L’ avantage le plus évident d’un jaugeur “‘cutthroat™ est P’économie,
parce que sa fabric tion est facilitée par un fond plat et Iélimination de la
sectic)u du col. Un autre avantage est que la longueur des parois & Pamont
et 4 Paval est la méme pour Ies canaux de toutes les dimensions, ce qui
permet d’ ut1hser les mem@s coffrages pour des jaugeurs de dlmensmns
GIILS{'GIILCb L GluplUl U. friats 10111[C bUUHlUL[lL_{LIC bb‘lllUEdUIU pUI;_UCL Ut:b

“prédictions exactes des courbes de débit pour les jaugeurs de dimensions
intermédiaires.

Les dimensions et les critéres pour la construction des jaugeurs

sieptthroat’ sont donnés.,  Les procédés d’installation et d’entretien sont

‘décrifs, aussi bien que les techniques pour mesurer les hautenrs d’eau qui
donneront des résultats satisfaisants.

INTRODUCTION

Procedures and methods for more accurate measurement and improv-
ed management of water are continually being sought to make better use of
our water resources. Of all the devices and structures developed for measur-
ing water, measuring flumes aré among the most widely accepted and used,
The most common measuring flume is the Parshall Aume(®) developed by
Ralph Parshall at Colorado State University. .

Common to most flumes is the basic geometry consisting of a conver-
ging infet section, a throat, and 2 diverging outlet section. Occasionally
the diverging outlet section is removed under free flow conditions, and the
water 18 allowed to jet directly from the throat section into the downstream
channel. This is not always permissible, however, in unlited channels
hecause of possible crosion problems. ‘

In flat gradient channels, a flume may be installed fo operate under
conditions of submerged flow rather than free flow in order to (1) reduce
energy. losses, and (2} allow placement of the flume on the channel bed to
minimize the increase in water surface elevation upstream from the flume.
The purpose of the research effort reported herein was to develop a flume
which would operate satisfactorily under both free flow and submerged
flow conditions.

DEVELOPMENT OF FLUME

Previous studies by Robinson and Chamberlain(*) and Hyatt(*) indi-
cate that a flume having a flat bottom i§ satisfactory for both free flow and
submerged flow operation. The advantages of a level flume floor are that
(1) it can be easily constructed, (2) it-can be placed inside a concrete-lined
channel, and (3) it can be placed on-the.channel bed. -

Ackers and Harrison(*). recomm__gpd a‘maximum convergence of 3: 1
for a flume inlet section. Experimaéntal work(®’®) indicated that -this
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recbmhiendation 'had 'mefit, and coﬁ_séquén’t]y_a 3 1 -coh{rérgénc_é was used SR
in developing a 'ﬂa__t-bot_t_om_ed ﬂumge._.. R e T

" Studies regarding the length .of ‘the throat section(%) showed that .-

depths measured in the exit section of the flume resulted in Inore accurate - .

" submerged flow calibration curves than. calibrations: employing flow depth’

‘measurements in the throat section. The water ‘surface ‘profile fluctuates - - -

- rapidly in the throat section as compared with the exit” scction ‘where “the =
water surface profile is more nearly horizontal. Conséquently, a “flow depth - -
in the exit section “of the  flat-bottomed Mume was selected . for measure- - -
coment. S e e R

- Earlier studies indicated that when - the divergence of the flume exit
section “exceeded 6 : 1, flow ‘separation would occur, .and a.major portion

‘of the flow: would - adhere to: one ‘of: _the_'__sidew_alls..115.-A-Ithoughnumerous_ PET
angles of 'divergence "and ‘lengths of exit -section were : tested(5), the 6:1 -

divergence proved inost satisfactory as a. balance : between - flow :separation . .
and fabrication costs, LR T T L T S e P
‘Since the downstream flow “depth ‘was to be “measured in the exit
-section, . there appeared no apparent .advantage.in having a throat section.
"Thus, testing ‘was initiated with''a flat-bottomed. flume  having ‘only an
entrance and : an ‘exit . section(®). ‘The. - flume performed : very: well. . One
distinct advantage of removing the throat section was -improved flow condi-. :
tions in the exit section. - The converging inlet. section ‘tended to confine . -
the flow into a jet which travelled along the flume center line, thus assisting - -
in the prevent_i_on_o_f‘ﬂow._sgpara_ti_on_ P T

" The -recténgular “flat-bottomed “fume that resulted from .t_hc?-té_éfiﬁé L

‘program- is shown in Figire 1. *-Since the: flume “has ‘no-throat ‘section
(zero throat length), the flume was given the name “cutthroat.”. . . S
- "The most obvious advantage of cutthroat * flume is economy; since

Tabrication is facilitated by a flat bottom and -removal of the throat section;
‘Another- advantage- is that - every flume size has- the ‘samewall:lengthsin.- ..
both the entrance ' and exit -sect_ions,-‘:allowing.- th‘e.same'_forms ‘or patterns

to be used for any flume . size. The use -of a consistent: geometric ‘shape

allows accurate predictions of discharge ratings for intermediate flume sizes:

© - The cutthroat “fluthe . can. ‘operate “cither “as a free (jr_"sub';'ﬁétgéd':ﬁbw' '
structure,. . Submerged - flow -calibration ‘curves ~and _free ‘flow “equations
have been developed.. The technique for preparing submerged flow ratings
has “been . previously ‘described(7). Explanation and examples regarding the
are.given, - i
. FLUME DIMENSIONS* e

" "The cutthroat flume consists of a ‘convérging - infet ‘section ‘and a
diverging outlet section (Figures 2 and 3)." The one varying dimiension .

practical aspects of installing, operating,  and._ naintaining the structures -

ind_icatf_:_d_._i_n'-Figu_;es 2 and 3 is “the flume sjze or throat width, -W. - The - R

* All dimensions given in this paper aré in units of the British system of measure-
ent -hecause the - flumes vere . developed empirically using that 'system. - Any -
.conversions to the metric system should be made. with caution because conver-

sion constants may “enter . the transfer equations -and the - 'calibration tables may " . g

" or may, not.retain the values given-in this paper, - e
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lengths of the converging and diverging sections are the same for each type
of flume, whether rectangular or trapezoidal, as well as the location of
the points for upstream depth measurement, A,, and downstream depth
measurement /7, for each type. Rectangular cutthroat flume sizes of 1, 2,
3, 4, and 6 feet were studied and tested in the laboratory. Trapezoidal
cutthroat flumes having zero {or V-shaped), G-inch, and 12-inch throat
widths were calibrated. The height used for a given structure would
depend upon the stage-discharge. relationship of the conveyance channel,
and the flow conditions under which the flume would operate.

DEFINITION OF FLUME OPERATION

The two most significant flow regimes, or flow condifions, under which
the flume may operate are free flow and submerged flow. The distinguish-
ing difference between the two is the occurrence of critical depth in the
" vicinity of the flume neck for the free flow condition. This critical flow
control requires only the measurement of a flow depth at some location
upstream from the point of critical depth to obtain the free flow discharge.

When the downstream, or tailwater, depth is raised to the extent
that the flow depths at every point through the structure become greater
than critical depth, then the flume is operating under submerged (subcriti-
cal) flow conditions. - With subcritical flow, an increase in tailwater depth
will result in an incredased upstream depth. A flume operating under
submerged flow requires that two fiow depths be measured, one upstream
(h,) and one downstream {/») from the flume throat. The definition given
to_submergence, S, is the ratio, often expressed asa percentage, of the
downstream depth to the upstream depth, S=hy/h,. - -

Upon ocecasion, flumes designed initially to. operate under free flow -
conditions become submerged, either doe to unusual operating conditions
downstream or the accumulation of moss and/or vegetation in the channel.
Care always should be taken to nofe the opsrating condition of the flume in
order to determine whether the free flow equation or the submerged flow
curves should be used. The value of submergence at which free flow
changes to submerged flow, or vice versa, is referred to as the transition
submergence, S;. At this transition state, the discharge given by the
free flow equation is exactly the same discharge as that given by the
submerged flow calibration curves or equation, if such is known. Hence; if
discharge equations are known for both the free and submerged flow condi-
tions, a definite value of the transition submergence can be obtained by

- setting the equations equal to one another(7).

Evaluation of the laboratory data for cutthroat flumes resulted in the

Sy’s listed in Tables I and If. When the submergence, f,/h,, for any given

flume size exceeds the S, given in Table-I or II, the fiow is subcritical

(submerged) and the submerged flow calibration curves must be used to

determine the discharge. When the submergence value does not exceed the

. limits given in Table I or II, then critical depth (free flow) cccurs in the
flume and the free flow equations should be used to obtain the discharge.

The difference between free flow, S;, and submerged flow water
surface  profiles for the outthroat flume is illustrated in Figure 4, The
discharge is constant. Water surface profile (a) illustrates free flow, whereas
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Figure 1 : Final design of 2-foot rectangular cutthroat flume,
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Ficure 4: lllostration of flow regimes in a cutthroat flume

profile (b) indicates the S¢ condition. Both profiles have the same upstream
depth of flow. Profile () hag a maximum submergence value for which
the free flow condition can exist in the flume. The submerged flow condi-
tion is illustrated by profile {¢), where an increase in the tailwater depth has
also increased the depth of flow upstream from the flume.

_ TABLE 1 _
Transition submergences for rectangular eutthroat flumes
Flume Transition Flume Transition
size, submergence, size, submergence,
hY W St
1.0 foot 79% - 3 feet 85%
1.5 feet 819% 4 feet 86%
2 feet g3, 5 feet 87%
2.5 feet 840, 6 feet 88%
TABLE 11

Transition submergences for trapezoidal cutthroat Sflumes

~ Flume ' Transition
throat width submergence, St
Zero or V-shaped 60%
6-inch ' ‘ 765
12-inch 79%




T R |
. 'FREEFLOW OFERATION... . ©ii i o |
o Under free flow ‘conditions, the "'discﬁar'ge', 0, through cittthroat

‘flume depends only upon the__ups_tream._dcpth. of flow, ‘Analysis of the - free :
- flow data collected in. the ‘Taboratory . for 'rectaﬁgu_lar"cu_tthroat_ flumes. @

. resulted in the following basic form of the free flow: equation - -
The value of C for each size of flume may be obtained from . "
T ST A }f-'-'-3c-=_3.50_W_1-{'°_2s:_'-""j_j-‘;"-'._ R
where 17 is the throat width in feet. By combining ‘Equations (1) and (2)," "

)
e

the free flow discharge in second-feet (cusec) can be obtained for__r_ec_tangl_ilar'___ RRCERE

cutthroat flumes having throat Widths between 1 foot and ‘6 feet.

three trapezoidal cutthroat flomes listed 1n-Table I, The fiee flow equation

for the V-shaped flume 45

For the 'Gfinch:ﬂflil.n_e, the free flow 'eq_u_ation is.
o e @=3SEm
The free flow equation for the 12-inch flume js -

Free flow equations have _-beén-'deiff;lépéd from iaboféto_fj data for the . - -
S g=aspam L

Q=548/m202 D E (6) | |

‘When _é1‘1_bn:te'rgt_a'd.-:f‘xo_v'»'r ‘condit_ibns'_éxl‘s't, the .fate__g)f'dj'séflaféé 'dépénds ER

upon both ha and By, The submerged fl
flumes are de_ve_loped_rby mak:

metged flow calibration curves for 'the cutthroat =" ST
ing a thrce-dimensmnal plot.of the Parameters

that describe submerged flow(?). “The calibration curves are developed on . -
logarithmic paper with @ plotted on the ordinate ; change in water surface, . S
elevation; 4,—/, plotted along the _abscissa_';-:and_'-t_hga submergence, Tipfhg, e

as the varying parameter. -

- Submerged flow 'Calibrét'iori{cﬁﬂf'e.s_' were de\kcl_t_)péd from ;fhé':.fc.()l_l.éctéd.._'. Eh

data for the rectangular cutthroat flumes of throat width of 1 foot, 2 feet, -

3 feet, 4 feet, and 6 feet(®), -_-'Submergsd__ flow calibration curyes canalso be.

developed for -any width, “between 1 foot and 6 feet by using a three. =

dimensional logarithmic plot (Figure 5). - The quantity Cy.q is the numerjcal - : e B
value of @ at the intercept of S and Ha—hy equal to -0.10 “foot. Develop- w000 s

illustrated by an example. "

ment of submerged flow -calibration

- in Figure 5 is fabulated

-plotted -on a vertical lins i Figure 6 for ha~hy equal to 0.10 foot. .~

Lurves . from. Figure '5 can bestbe = o

in’ Figure 6, "'The : values of Coa(Q).are ERE AT

-The lines of constant submergence are drawn_through ihe points ata -0

siope of 1.56 and labeled with the corresponding submergence value 1o .

complete - the subm'erged-ﬂo_w calibration curves for the 2.2 feet - . :.:'.ﬁ:. '

rectangular cutthroat flume. . h
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S Fi_Gin_aé _6': - Development of submerged ﬁow--célibration curves for 2.2 Feet _

 Fectangular cutthroat flume

Submerge.d: :ﬂow:célibfatiori curves, were dei’eioped from ..Iaboré'to:ry'- :

data for the trapezoidal cutthroat flumes listed "in" Table H. . A threc. L
dimensional plot *was made of . the discharge, 0, plotted: as the. ordinate ; -
the difference in upstfeam and downstream depths, A,/h,, plotted .as’ the
varying paraimeter. - The calibration - curves -developed for the V-shaped, . B}
6-inch, and 12-inch trapezoidal cutthroat . flumes are found in Figures 7, 8, -
and 9 respectively, . . R A e i e )
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FiGURre 7: Submerged flow calibration curves for V-shaped trapezoidal
. cufthroat flzme,

INSTALLATION OF CUTTHROAT FLUMES

Any water measuring device must be properly installed to yield ade-
quate results. The first consideration prior to installing a flume is the
iocation or site of the structure. The flume should be placed in a straight
section of channel. Proper installation requires that the flume be aligned
straight with the channel and should be level longitudinally and laterally.
If operating conditions require frequent changing of the discharge, the flume
may be conveniently located near a point of diversion or regulating gate.

After the site has been selected for the flume, it is necessary to deter-
mine certain design criteria. The maximum quantity of water to be
measured, the depth of flow necessary to obtain this discharge, and the
allowable head loss through the flume must be determined. For design
purposes, the head loss may be taken as the change in water surface eleva-
tion between the flume entrance and exit, s,—#,. The downstream depth
of flow will remain essentially the same after installation of the flume as it
was prior to installation, but the upstream depth will increase by the
amount of head loss. The allowable increase in upstream depth may be
limited by the height of canal banks upstream from the flume. Such a
limiting condition may require increasing the flume size, or operating the
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3 "FJGU_RI;_'B 2 Submerged _ﬁpw_- _:'_c"a_iibf_ailﬂt':ioi_z éﬁrve_s:-_fd:ij-: 'ﬁﬁinéh__'trakpéioid.él
i cutthroat flume. i

flume ‘as a submerged ' flow structureEc

determining role in the flame size selected. -

Onomlc .'fac_:'i_f(:).rs “usually playa -
stillng apuements may be made in the fumo by (he wse of il gages o

stilling wells. . The use of staff gages under submericd. flow: conditions will 7 o

‘usually result in accuracies worse than 5 per cent. en.used, a. sa;
should be set wverticaily atthe specified location . for -/, and #, along the -

When used; a staff gage v

converging or diverging wall. - The siaff gage must: be. carefiilly: referenced - j"_ﬁ. ;
o the elevation of the flume bottom. - Use of stilling ‘wells'is recommended, TP

. -however, for accuracies within 5 per cent; _[-Sthing-_we_H_s.hav_e._-the;advan_tage SR
of providing a calm water. surface compared with the fluctuation or ¢*bounge” -

-of the water surface that may exist within the flume. Stilling wells-are also .- - =
necessary if continuous recording “instruments are: to be. used. . Under sub . = oo

- merged flow conditions, two stilling wells placed adjacent to. each otherare .
very desirable and facilitate the use of a double head ‘recording instrument |

for obtaining a continuous fecord with time of i, and #5. ..

FREE FLOW INSTALLATION =~ DR o
I_f'_cird_ums__taﬁéeé:'all_ow," ‘it is. préfe_fab]e'.'t'd;.haﬁre: -a flow ,_meééuriﬁg ST

~ device .operate under free flow conditions.” ‘The obvious advantage 48 that :

only an upstream flow depth need be measured to determine . the discharge, - ¢ .

The: procedure to ' follow. for installing a-cutthroat flume to operate under. "

free flow conditions is listed below : s
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20
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Froure §: Submerged flow calibration curves for 12-inch ‘trapezoidal
: cutthroat flume
/ _ . .
2. At the site selected forinstalling the flume, locate the high water
line on the canal bank and determine the maximum depth of flow.

3. Using the free flow equation [Equations (3), (4),' {5) or (6)], com-
pute the depth of water that corresponds to the maximum discharge capa-
city of the canal. ' .

4. Place the floor of the flume at 'a depth which does not exceed
S, % ha, the transition submergence multiplied by ke, below the high water
Jine. Generally, the flume bottom should be placed as high in the canal
as grade and other conditions permit to insure free fiow.

SUBMERGED FLOW INSTALLATIONS

The existence of certain conditions, such as insufficient grade or the
growth of moss and vegetation, sometimes makes it impossible or imprac-
tical to install a flume to aperate under free flow conditions. ‘Where such
sitnations exist, 2 flume may be set in the canal to operate under sub-
merged flow conditions. | The principal advantage of submerged flow
operation is the smaller head loss which occurs in the flume as compared
‘with free: flow. When the flat-bottomed cutthroat flumes are installed
to operate under submerged flow conditions, the Alume floor may be placed
level on the canal bottom. This placement will allow quicker drainage



i

- the 'water surface .
+location. - o s

UL Onee proper installati

" Afterd few months of operation,

. of the canal'section and reduced seepage 1osses ‘upstream “from: the. flume, - .
- particularly for. the flow rates ‘which are less than the maximum discharge.” = . "0
- The following -is -illustrative “of - the. procedure to - follow in placing a -~~~ o
-cutthroat flume to operate under submerged flow conditions. R T

-./1." Establish the maximum flow raitg..f;{; be _mcasured_i e o
2. On the canal bank, where the flume i$ to be iﬂs_talléd‘,"l__l_c')_gatéff_t_hf_:'_.

“high water lineto determine the maximum flow depth,

3. Giving consideration to the amount " of . free-board in"the -cana)

-t maximum discharge and maximum depth, determine how much higher -+t

can. be raised in the canal upstream from ‘the flume .

" 4. Select the required size of flume ‘from :the gefléfal : Siibmerged"'_"'- =
- flow curves (Figure 7). With - the floor of the flume bemmgplaced atessen-
-1ially the same -elevation as the bottom, of :the. ¢anal | the. ‘magimum- depth o0

e flow (item :2) . becomes - hb;.’and_..i'h_e_'-_am_ouni_; ‘that . the water surface in -
- 'the canal can be raised (item 3), becormes “ha—hy.Using this’. information,” o

- the - submergence,” #,/h,, can be computed. ” Knowing: h,-#,and. Pyfhas
- the flume size.can be selected from the submerged flow curves, U

. MAINTENANCE OF CUTTHROAT FLUMES -

encrusted and. the encrustation should be removed ‘with a’steel-wire brush. '

«delay further encrustation. -

‘Oince the steel walls are -scraped_"clcan,-:..gppleQtibn _.'gt_'f.as_ph‘alt_i_c: paint: will " :'_ .

- tilting sideways, the adjustment can be . 'made by taking " the ‘average of .
the depths-of - flow. measured on each side of the flume for tise.in the free .

flow equation or submerged flow calibration curves.” - . © R e R
" The usual place for settlement to- occur is the exit section - ‘becavse of -

the channel erosion which occurs. immediately ‘downstream from the. flume .
_due to_the jetting action 'of the water. . Tn this case, the value of -discharge = -
obtaired from. the %, and Ak, or A, values will be less than the true dis- *
. charge. - The greater the settlement, the greater. the. discrepancy ‘between

the estimated and true discharge. Satisfactory solutions to this “problem -+

mclude : raising the fower end 'of ‘the flume so it “is ‘again-level ; plaging

a -new. level floor in the flume ; or placing a liner in the existing flume and .+ -

then grouting if into place. 3 R S
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-and ‘at the end- of the seasonor- U
-year; ‘the -flume - bottom should “be ‘checked to be sure it is still level. - -~

" Flames ‘may ““settle™ or tilt -sideways -due to improper: installation or. i

flume operation. When the setiling is - minor, _the ‘discharge can still be * ¢

estimated, ‘but’ with ‘a corresponding decrease in acouracy. - For the flume -
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