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. ABSTRACT

- Theoretical equations and supporting expefimental data are presented for
determining attenuvation of surge vaves by a longitudinal side weir in a

trapezoidal channel. Comparisons are made of .a theoretical equﬂtion;ﬁhich- .

had been derived previously for rectangular channels and an equation devel-

oped during this study; agreement of each of these equations with-experi- -~

. mental data is determined. Surge heights were recorded by 6 capacitance- .
type wave probes with sensors consisting of plasticized-enamel -coated wire.

Two short digital computer programs were developed .for trial solutions of  *-

the theoretical equations. An explanation of each program, source state- .
ment listing, sample input data, and results are presented in'the_appendix.

. DESCRIPTCRS-- canals/ model tests/ *surges/ #trapezoidal channels/ weirs/
~ hydraulic transients// bore /wave// Froude number/ translatory waves/

‘unsteady flow/ calibrations/ instrumentation/ reasuring instruments/
recording systems/ capacitance/ dielectrics/ electronic equipment/ research

‘and development/ oscillographs/ computer programming/ mathematical

-analysis/ hydraulic models - . : T
IDERTIFIERS~~ wave probes/: Citrini egquation







DEFINITION OF TERMS
Reclpror-al of Froude number of 1n1t1a1 flow

:Cross: sect10na1 area:of the channel W1th 1n1t1a1 ﬂowr_;"_{'
depth S =

__ Rat1o of he1ght of weir crest above channel floor to ";
~initial depth of ﬂow

-

-'¥-Weir discharge coefficient- '-

. He1ght of weir crest above channel floor
Ao '

To

o Deriotes downstream end: of we1r

Hydrauhc depth

Der1vat1ve of the d1stance from upstream end of weir
' '. Froude'number : of : 1mt1a1" ﬂow -

- Grav1tat10na1 acc e1erat1on

B

._Surge he1ght above 1u1t1a1 ﬂow depth
‘ :Average surge he1ght

' ...'Max1mum surge he1ght
Average surge he1ght at downstream end of we1r
(before attenuatmn) REER e AT

E -'Average surge he1ght at upstream end of we1r
(after attenuat1on) : _

Depth of: ﬂow at. S1de of main channel opposlte we1r ,:'
(referenced to we1r crest) : B :

"f‘Effectlve head on we1r crest :

- _D’é’;'it X of flow along centerhne of mam channel (ref—

erenced to we1r crest)

—.5_£:Depth of flow'over s1de we1r

:Adgustment_factor f__for shape of ﬂow prof11e along




L Q or Qm D1scharge entermg upstream end of: sectmn

" :~.Qo L 'Dlscharge over side weir B G -

. Qout - - Dlscharge of wave' leaving upstream end. of sectmn -
: - (Qy) plus d1scharge over s1de weir (Qo) ' '

+Qw - :Discharge of-wave after passmg weir-

T Width of surge front at one-half of 1ts helght (— hg)
o at upstream end of side weir o

'- 'fo | - _Top w1dth of a trapezoidal channel afl initial ﬂow depth '
u/s Denotes upstream end of weir . 2
Vo : Average velocity of initial ﬂow !
| Vw -' ~ Average wave, ‘velocity
. '. W -_ Width of channel at e1evat10n of we1r crest
v ‘Average surge depth: above channel ﬂoor (Yo + havg)
‘ : .'Yo Depth of initial flow '
| ¥£ . Ratio of surge depth to initial’ depth at upstream end
' of weir _ :

" Ratio of surge depth to 1n1t1a1 depth at dowustream
© end of weir gg

o

D1rnens10n1ess we1r dtscharge coefﬁment = a™
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 ATTENUATION OF SURGE WAVESBY . -
A _SIDE'WEIR']'_N A TRAPEZOIDAL CHANNEL e

‘... PURPOSE -

Thé purpose of this study was to determiné the attenuating effect of

- longitudinal side weirs on:surges irnjtiated by rejection of canal:flows.

~ The'study is an;extension of previoas work [9]1 | carried out in the
: Hydraulics. Branch. S L iy o i :

 CONCLUSIONS -

1 '_I‘he'i"';surge wave x}eigf;ity_-' decr_eased'a}s-':‘eitheriftﬁ_e._initial flow
Froude number or ihe length of side weir increased. C

2. The surge waves which were initiated'ffroin a‘high initial flow
Froude number were attenuated imore (in terms of percent reduc-
. tion) than surges resulting from the flow at a low initial Froude e
© ‘numbper.. < L T 2 /\%
o e Tal . . T3 ,==.“:/, n
2

" '3. 7 In determining the’ attenuation.of -surge wav by a Sideswelr in.

a trapezoidal channel.with'the relative size and shape used in this

“study, -and Wi‘;h“"Fr'oudé,nufnber-less than 0. 10, the studies showed -

' 7that éither maximum OT average surge heights ‘can be used in compu-_

o . tations’with no appreciable. difference’in results.

"4, Citrini's equation, although originally developed for rectangular

. :channels, was' shown to be _applicableto--tr’apezoidal channels with

. tHe.relative shape used in the present study and with small stable =
e hes/Volesshan0.20. [ .-

etween the atténuationss™

e was gqi-;.appr‘ﬂeéia‘bl:e-‘.ﬁ!diffe_rence;l:,b tween
m"{j-_thé’jfdischargebedlan_pe.equé_.tipn--'uf.sigg‘either.'_a_ theo- [ .
ge s_“urge{velo'c‘:ij:y.'or;'aq-.éxperfimental_avgrag’e:surge';J.;.. L

v 7_[}::-

[

in brackets refer:to references listed at:the end of this -




. . the weir is shown in Figure!l. -

6. The use of different weir ‘di'schér'ge"coeff_icients ‘in Citrini's equa-
tion provided only.a slight change in the estimation of surge wave '
a_ttenuatibn. ' - T S

7. The theoretical curve derived from the discharge‘balance. equa-

‘tion with a coefficient of mean effective head (K) on'the side weir of -
~ about 1,75 showed the best agreement:with the curve from. Citrini's. .~ -
7 equation.. - e E. : R
8. " Citrini's equation predicted, within the limit of L/W less than 1 0,
a surge height attenuation up;to about 20 percent greater than that -
‘predicted by the discharge balance equation. Since considerable time =
is involved in solving Citrini's equation, the simpler discharge bal-
‘ance equation could be used for preliminary hand calculations. -

T

. THEORETICAL CONSIDERATIONS

' Development of a Siniple Theoretical Relationship

"It is assumed that the initial depth of flow equals.or nearly equals the . .
‘height of the: side weir crest above the channel floor, so ‘that channel
‘storage of the surge wave along the weir can be neglected. A defini-
“tion sketch of a positive ascending (upstream) surge traveling along

b A simple bélance_.' of dischargé,follow'ingAcompl_ete‘:}‘_rejection gives:

_Qin § Qout

s di‘_sqha_rge-"ente'ring-upstream;_eﬁd}f.'of ‘Sectib,%.- (Q), Q\‘ -
= discharge of wave leaving upstream end of section (Qy,) +
.+ .discharge over weir. Qo) - - L e

W = average wave velocity, © - P S I

= width of -surge front at one-half of.its height -(-]j-.hz), at -

- upstream.end of the side:weir, =" .o o
= average surge height at upstream end of the:side-weir.

5 i




-The theoretlcal average wave’ veloC1ty (Vw) ‘can be computed by trial .
-and error .from the equations _

derived from the principles of continuity and momentum. ?1 and Yo
are centroidal dépths. The subscripts refer to conditions before (1?
and after (2) passage: of the. wave. o .

| From the general weir equatlon Qo =C4 L Hl 9 the d1scharge over

* a side weir of length (L) is:Qy,, and the head (H) is approx1mate1y
(Y- D) _therefore,

G

Qe ='CdL(Y—D).1-5 |

AN

where .

average surge depth above channel floor,

weir d1scharge coeff1c1ent (w1th d1men51ons of -f?'
Length of weir,

he1ght of weir, crest above channel ﬂoor

u‘ u won

. The ﬂow over a 51de weir:is- spat1a11y varied with decreasmg d1scharge

‘as described. by Chow [3]. ‘According to W. Frazer [6, p 314], the

- flow profile =‘along ‘the weir can be classified into.five types, Inthe

study descrlbed in this report, the.flow profile: might-be considered

: - as either Type 1 or 4, where’ Type 1 has critical depth at or near the

-entrance. with, supercr1t1ca1 flow in the weir section’and the depth of
flow decreasmg along the weir; Type 4 has -a depth:of flow less.than
-eritical at the entrance with supercr1t1ca1 flow in:the weir section

' ~and:the depth. of flow decreasmg along the weir sect1on Flow. in the .
mam channel 1s subcr1t1ca1 1n both cases,

_‘.From prevmus studles [1] [2] {5] and 61, the ac'cur'ac'y of meas¥
; a-e'urements Of- chscharge capac1ty of 51de weirs mostly depends on: the




~ mean. effectwe head on the weir, Frazer [6] says, ''Since‘the: flow"'
-conditions-at.the weir are very complex, any treatment.requires -
certain asgimptions to be made. These assumptmns ‘are of such -, -
a nature that a detailed mathematical analysis is un;;ustlfled and
“inevitably experimental coefficients must be 'introduced. .For this _': '
“reason, the approach:to the problem by several experlmenters has |
‘been to obtain a simple formula, adjust the formula by. experunental
"~ coefficients, ‘and. 1nvest1gate the -variation in. the. coefficients with
. the.variation of the s1gn1f1cant dlmensmnless var1ab1es obtamed in
' the d1men51onal analysw - ‘

'In 1934 de March1 as dlscussed inV, K. Collmge S paper [51
pubhshed a theoretlcal equation to determiné the discharge overa
" side weiriin-a: rectangular channel. The equation was developed

~ with the assumptions' of constant total energy along the weir and

- cond1t10ns of steady ﬂow The equatlon 1s '
on =C (Y D)

' -From the results. of Colhnge s: stuches he suggests ;that for srnall :
" variations'in depth the mean effective: head on the weir should be
taken as the ' mean value of (Y-D) along the ‘length'of the weir. For

large variations in depth-the mean effective head should be calcu-
-lated accordmg to:- ' : :

| 'H'eff_"""._ﬁ'lelah.efteetive'head = {%f (¥ - D)5 a,e}

o where

2 d1stance along weir from upstream end of weir and L is’ the B
total length of the weir, :

L W Frazer [6 1 suggests that the mean effectwe head ona S1de weir

Ceat ‘any.cross: section of the -channel, for‘the conditions of: rapid flow -

‘_'1n the weir. sectlon be determmed by a var1at1on of. S1mpson s rule:

i : _.Hb+4H +H
- Heff- —§

i, '-"-depth of ﬂow at 51de of mam channel oppos1te we1r
n = depth.of; flow along; centerhne of- rnam channel
: __'*'low over: 51de we1r =




A]l depths are referenced to the crest of the we1r

In the present study,, the: ﬂow cond1t1ons caused by surge waves along

the side weir were extremely complicated, as clearly ‘shown inFig- -

ure 2, so that conditions of steady:flow did not exist. ‘An accurate .=
detern:unatmn of the effective head could not be:made vnthout a mgorous -
analys1s Whlch was beyond the sc0pe of th15 study A A

.Therefore the apprommate mean effectwe head -on the s1de we1r was
'est1mated h : :

h]_ + h2
Heff= "5

“mean effectwe head :

-average surge he1ght at downstream end of side weir,

average surge -height at upstream end of side weir,

factor of adJustment for nonlmear chape of flow proflle
along the we1r o .

n' uonou,

C1tr1n_ s Equat1on for Attenuatlon of SurLs in Rectangular Channels [4]

_ C1tr1n1's equat1on was developed through the use of the method-of
characteristics. This is a more rigorous method of determining the
-action exerted by a longitudinal-sidejweir on the height of positive
" waves,  either ascending Or- descendmg, in a channel of. rectangular _
section f4). The validity of this equation has been checked by exper1-
ments [7] and [8] The equat1on is:

yr(y 1)[1+%(y ]+(yz ¥ -(y +y)l :ri(ya 1)--%-

& ﬁA(Y +y_._)2 (:rr-l-y -20*).\f (:rr (yr+:r -20*)

rat1o of surge depth to 1mt1a1 depth at downstream end of we1r'
‘ratio-cf surge depth to-initial .depth at upstream end. of weir,
.dimensionless. weir: d1scharge coeff101ent c /-JFE-, :

weir’ length LR E : SRS S

3'1

AL

,f-;;-l'l; 0 u

IV
Eou e




=, channel w1dth -

‘reciprocal of Froude number of initial’ ﬂow ‘ - _

= rat1o of height of weir crest above channel ﬂoor to 1mt1al S
depth of ﬂow .

Soluhon of C1tr1m s equatlon is extremely comphcated and subJect

“to errors-in-caleulation. ‘A'computer -program, presentedinthe -
Append1x to:this report, ‘was prepared during an-earlier study [9)to
fac111tate rapid. calculatlon and to obtam a l'ugher degree of- rehab111ty
“in the solutlon

o R . R v;\\“__ 5
L1m1tat10ns of C1tr1n1 5 equatlon. --C1tr1n1 states that the accuracy of "
-.the equation deteriorates as LIW increases, with a maximum error - .
-of -about 15 percent for L/W-= 10, Also, the relationship was 1ntended :

. for use;n_determm:mg the attenuatlon of ;the average surge height.

THE EXPERIMENTAL INVESTIGATION

Descr1pt10n of the Expenmental Apparatus

The laboratory model used in” these stud1es consisted of a port1on of
‘a -model which had been-developed for earlier studies [9]). The test
channel had a depth of 1 foot (30,48 cm (centimeters)) and 1-1/2:1
side slopes, Figure 3. Most’of the model was fabricated from ply-
“wood, with warped transition.sections formed in concrete, - The chan-
- nel ﬂoor was level and the floor and sides had an.enamel paint finish.
‘Water was supp11ed through a rec1rcu1at1ng system by a centrifugal
pump. . ;Discharge was measured with a portable orifice meter with®
1nterchangeab1e orifices, each of which was calibrated volumetrically.
“The test channel allowed weir lengths up:to approximately 25 feet
#(7.6'm (meters)), Three weirlengths were tesied; 8..00, 15. %5 and
23,25 feet (2.44, 4.65, and 7.09 m). The weir crest was'an ogee:
shape con51st1ng of"- sheet metal. formed over wood templates with ele-
~vation tolerances of plus.or-minus 0.:002 feet (0,61 mm (m1111meter))
"’ The control at-the: downstream end. of ‘the model consisted. of six slide
gates which.were used to:control-the depth.of flow for each test dis-
charge, ‘Figure 4. “The gates could be closed very rapidly for- ‘almost
instantaneous and- complete reJectmn of theiinflow.. ‘Water surface '
‘elevations’during each test run were measured with point: gages.at the
\'enterlme of the channel at the. upstream and downstream ends-of: the
weir. RREE . _ EOREEIINIRR - :




mounted in a U-shaped frame made from 1/4-inch-diameter

(6. 35 mm) stainless steel rod. The wires were held in the
frames by small plastic insulators. The lower end of the
wire was carefully sealed in the insulators to prevent elec- .
trical shorting by the water. Each frame was attached to a
modified point gage staff in a rack and pinion device with a
.vernier reading to 0, 001 foot (0. 30 mm). Each probeiwas
connected to one channel of a commercial six-channel direct- -

writing oscillograph. "

The locations of the probes -are shown on Figure 5. Fig-
ure 6 is a photograph of the test channel and model
instrumentation. ’ ‘

- "The wave height is indicated by the change in capacitance
.as the immersion of the sensor wire is changed. The plas-
ticized enamel coating acts as the dielectric of the capaci-

tor whose legs consist of the wire and the water. The
unsealed end of the sensor wire is connected to one leg of
a resistance-capacitance bridge, Figure 7. -As the water
level varies on the sensor; the capacitance across thefixed
capacitor Cy also varies, resulting in imbalance of the
bridge and an accompanying signal to the recorder.

'"Some difficulty was experienced in calibrating the probes
and in maintaining this calibration over a reasonable per-
iod of time, Accurate data were assured by makinga
separate calibration for each test run, except in one or two
cases when two runs at the same depth were made in quick
succession, . Calibration was accomplished by raising and
lowering the probes knowr:distances in a stable pool of
water. Prewetting the wire by lowering the probe more than
‘the required amount, waiting for several seconds, -then rais-
ing the probe to the correct position, partially suppressed
the ‘nonlinearity caused by wetting. Fifteen to thirty minutes
were required for the instrumentation to reach a stable con-
" dition. The probe was then raised in increments to the ini-

" tial zero position to check the linearity. It was also necessary
to carefully -insulate the impedance-bridge circuit-of each .
probe because of zero datum drift caused by room tempera-
ture 'variations. o ‘ Co

"Other experimenters [12 ], by comparing wave probe records
‘with photographic records, have estimated that meniscus. = -
. {surface tension) effects:can result.in an error of approxi-
" mately plus or.minus 0. 015 inch (0,4 mm) (or about 0. 001 foot),
, with.the largest errors occurring at wave troughs (-0.01 to
. 40.02:inch) (-0, 25 mm to +0, 5 mm), No attempt was made to




g ..

evaluate the surface tension effect in the- present studies; .
~ - however, ‘the cited reference- 1nd1cates that errors due‘to "
~ = this effect are not appreclable :

Test Program and. L1m1tat10ns

‘-Advanced -planning is necessary to secure’ good results from: model : S
- “.'studies, ‘'Wasted time and inconvenience are avoided by making cer- .= . ... . . .0
U tain what type of information’is.required, 'Guided by the theoretical . = ..0™
computations, test runs were planned so that for a:given weir. length . = = B
rejected discharges between 0..131 and 0. 397 cfsi(cubic feet per'sec~ = = = .
cond)} (3.71 2/s'and 11. 24 1 /s) could be investigated for two average SE e
flow depths in the channel: 0, 333 foot (flow surface at the weir. crest) i
'-'and 0.-320 foot (10 15-and 9. 75 cm).

".The exper1ments were concerned only with subcritical flow in the ;
main channel The values of the Froude number (Fo=V I\[ gDg,

B where Dg = 'AOITO) of the 1n1t1a1 flow were between 0..061 and 0 200

‘The maximum he1ght of the first oscﬂlatmn surge peak and the gen—
-eral characteristic shape of the wave profile were determined: for
" each test. - The studies were limited to the stable range: (ha“’,ﬁ

oul

o 'less than 0..20):[10], so that no breaking of the surge front

’.”'hoccur

The expenmental data are shown on Tables 1 and 2
\\

"“Dlscussmn of Experlmental Results

o Surge’ Qroggg ation in: the ‘channel wlthout the side weir. --A series of .

tests [9] has been made with no side weir to determine the charac-

. ‘teristics of the- surge wave as it travels through the channel undtten-
o _-uated by:artificial means. . The earlier observations.apply equally to
. -this study.. The: prototype rejection:surge wave will be reduced by

- friction; however,in the length of channel under consideration for.
" ‘this:study: the maximum oscillation’peak increased along the channel

: as ‘the. surge approached full development followed by’a.fairly rapid
S decrease in' size dueto instability. The wave tended to'become more-

“-stable as it traversed the channel.” The- general- form of the re]ectmn :
i;;;surge was undular as descnbed 1n the prev10us study [9] - i

";_'.IEffect of the weir’ length on: sHe velocltv --F:gure 8 shows the vari-
+ation-of average Surge velocity: through the channel reach with the

oooo

_;Lnﬂuence of the: length .ofthe: s:.de weir in reduc1ng ‘the- veloc1ty of
the:surge.. Theoret1ca11y, ‘the-curves tend to converge to the value -
of: the celer1ty of a.gravity wave:in still'water.at Fo=0. This con-
vergenceiis 'seen:in'the: datafor the:larger. depth,:but:is not readily .
apparent in: ‘the data’ for the smaller: depth-over this: part:.cular range
of: Froude numbers, - ‘It can be conclude that:ithe change in: surge :




velocity is due to two factors: (1) the hlgher initial flow’ veloczty or
Froude number causes retardation of the surge wave and.(2) a greater

weir length will discharge more water over the side weir and the re-
sultant reduction of surge height will reduce the surge velocity.

Effect of initial flow conditions on the surge attenuation efficiency of ..
the side weir. - -Figure 3 shows that the efficiency of surge attenua- -
tion by a side weir directly depends on the initial flow conditions. The:
main factor affectmg the surge attenuation is the discharge capacity

of the side weir. The magnitude of this discharge is governed by the
following initial flow factors: (1) The wave velocity controls the angle
which the resultant velocity {vector sum of the wave velocity vector and
the weir discharge velocity vector) makes with the side weir; in case’
of a high wave velocity (or low Froude number) the angle will be small
and will provide less discharge capacity. This leads to a lower effi-
ciency of surge attenuation. 'On the other hand, with low wave velocity
(high Fg) the resultant velocity makes a great'er angle with the weir
and gives more discharge over the weir., (2} The mean effective head
on the weir crest controls the magnitude of the discharge over the side
weir. - A relatively large mean effective head resulting from a surge
initiated from a high Froude number will be attenuated more than one
resuiting from flow at a low Froude number. -

Effects of the Froude number and the weir length on maximum and
average surge heights at upstream end of the weir, --Figure 10 com-
pares the expemmental results for the relationships among Froude
number, maximum and average surge heights at upstream end of the
weir, and weir length. It should again be mentioned at this point that
the reporded'surge wave was of undular form, consisting of the initial
wave followed by a series of secondary oscillations. In this study, the
largest of the series usually was the leading peak, Consequently, the -
height of the first oscillation peak is considered as the maximum surge
height throughout this report. The plots of the experimental data in
Figure 10 show that in general, the maximum surge heights differ
from the average surge heights only for Froude numbers greaterthan
about.0,'10. 'Based on these curves, it can be concluded that either
the maximum or.average surge: he1ght can be used in determining the
amount of attenuation of surge waves by a side weir; assummg a
trapezoidal channel with relative size and shape used in this study :
and'a Froude number less than 0.10. - .

Figure 11 illustrates the experimental relationships between the weir
length and the ratio of maximum and average surge depths at the up-
stream and downsiream ends of the weir. The scatter in the data
points is likely due to errors in determining the average surge heights
~ from the oscillograph, -especially at the upstream end of the weir ., = / -
© ., where the . wave;form is unstable, Alsoc included in the: plot.is a Hmit- .
' ing asymptote which denotes no attenuation by the side weir.

o4 e
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Agsreement of theoretical predictions with the experimental results, --
Figures 10 and 11 indicate that Citrini's equation, although originally
daveloped for rectangular channels, is also applicable to trapezoidal
channels with the same relative: shape as that used in the present :
study and with relatively small stable surge waves (hg IYO less than
0.20). The agreement between Citrini's theory and the experimental
‘data is quite good. Through comparison of both theoretical curves,

it appears. that within a limit of LL/JW = 10 Citrini's equation shows a
maximum deviation in surge height attenuation up to about 20 percent
from that derived from the equation wh1ch was developed through the
use of the d1scharge balance

i
4 7-

Effect of usi ng theoretical and expenmental average surg‘e velomhes _
to solve the discharge balance equation. --Figure 12 shows that there

'is no appreciable difference between the attenuations predicted by the
discharge balance equation using- either the theoretical average surge
velomty or expenmental average surge velocity.

- Effect of using different weir discharge coeff1c1ents to solve Citrini's

equation. --Figure 13 demonstrates that a difference in weir discharge

‘coefficients causes only a slight change in the attenuation prediction.
Therefore, for preliminary design purposes, the weir d1scharge co-

- efficient can be considered as a relatively unimportant factor in surge
. wave attenuation evzluated by Citrini's equation.

. 'Effect of using different coefficients of mean effective head on the side
- weir, --Since the flow conditions caused by surge waves along a side
weilr are extiremely complicated, no attempt was made to investigate '
the variables governing the mean effective head on the weir., However,
‘the following approach was: used to solve the problem in this study.

" According to.Schoklitsch [13], the approximate mean: effective head"

on a side weir is taken as the anthmet1c mean of the heads at the
upstream and downstream ends (K'= 1.'0), but this assumption is
valid only in case of approx]mate 11near1ty of the water surface’ pro-
file. Consequently, in the case of nonlinearity such as occurred in
this 'study where the undular: proflle exists along the weir section, ‘it -

s necessary to: modify the estimated mean head. A value ofK=1.2

" was in the computations discussed:thus- far; 1.2 is the constant value .
of the ratio of:maximum surge height to average surge height in a-

~trapezoidal. channel which was reported'in previous studies [10] Use -

‘of this value assumes that the average. surge height is linear along the
weir, but that the maximum - surge he1ght 1s curvﬂmear

‘ _The value of K for denwng the discharge. balance equat1on to: prov1de
o ‘thé. closest agreement with Citrini's equation can be deie rmined from-
" "Figure 14, . Aninitial flow depth of 0. 333 foot (10, 15 em) and an
:8..00-foot- 1ong weir (2. 44 m) were 1nvest1gated The results :show -
“that the required value of K:is about 1. 75 However a K value af
- 1 0is: acceptable for. 1n1t1a1 est1mates B
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Fipure 4
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NOTE: Backflow tanks werc not used in this study.
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Figure 6
Report Hyd-575

PB05-D-50658 3,

B. Capacitance wave probe

PX-D-56536

C. Passage of surge wave along weir
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o “’A.P_PﬁNDIX

o .'PROGRAM?NQ; :.'1.

‘ 3
Side We1r 111 2 Trape201da1T3hanne1

N PROGRAM DESCRIPTION

The theoretlcal dlscharge balance equatlon, equatlon (1), and the welr
d1scharge equation involve trial solution for the weir attenuated surge AR
he1ght (H2). A computer program was: developed for use on'the - :
“Honeywell H-800 computing fac111ty, U.S. Bureau of - Reclamatlon

Denver Colorado

The"program was wrltten in the AUTOMATH (FORTRAN IV) program
language. ‘A listing of‘the prograr source statements.and samples o
: of the 1nput and- output ‘data are 1nc1uded in: thls Append1x
- The average wave veloc1ty (VW), *‘" the average surge he1ght at -
) downs*ream end of the. 51de ‘weir (Hl) were obtained from the solutions °

o Those equatmns also were: _,olved by an, electromc d1g1ta1 computer o
program whlch is descnbed in the same paper [10] : '

' Input data: cons1st of the reJected rate of ﬂow (QREJ ) the average S
-",fwave veloeity:(VW); .the channel bottom w1dth (B}, the side slopes (S}, -
“the initial flow depth (Y1), the’ d1scharge .coefficient of the side weir -
; ’f”fCOEF) ‘the 'weir length (XL), the average surge height at the down- _
“./’gtream end of the side weir/(Hi), the coefficient of mean effective’ ‘head
" ‘on’the side weir/(RATIO), :the distance of the weir:erest above the .
o channel floor (SPWYD); ‘the Froude number of the initial flow (¥), and :
ithe :gize’ (DELTA) of iteration steps used in the’ solution of the: equatmns
The output data included all the input-variables listed above, (except.
% .B, 8, .F.and 'DELTA} the, .computed surge height (H2) at the upstream
.- end of‘the weir, ‘the ‘Fatio of the. surge depth to initial'depth before: (YI)
" and-after (YFj attenuation by ‘the weir, the: rec1proc.-*Lof the Froude =
- number. ofthe: initial flow’ (RF) and: an 1nd1cator of the accuracy of the o
- -_,apprommate solutlon (FF) S R SR ©ouE : C

'_;-.-‘The b1sect10n method 1s used to denve an apprommate solutmn for he )
FE sur;:re ‘height’ followmg atténuation by ‘a.side.weir. From’ the. der1ved
.'.c.contmuxty equatmn ‘and the weir d13charge equat1on, ‘the vglae of H2
- .can be ~solved ‘by:trial and:error. The: algebralc sum: QWAVE+QWEIR—
QREJ ‘which" represented by FF in: the program, is: zero when the







o '_ i_S1ze of 1terat1on steps

o ‘Indmator of- accuracy lof approxlmate soluhon
' "-Loop counter | -
) Ldop ‘:counter' :

| ")‘hl 1n text

- }hz in text

_ _‘_Mlmmu_m v_a_Lllie- of Hy

‘Maximum value of Hp

.' _:}Re‘]ected dlscharge 2

'.lDlscharge of wave 1eav1ng upstrearn end of :section
:'mscharge over s1de we1r

Rec1proca1 of Froude nurnber of 11~1t1a1 ﬂow




{ GOEF,- XL, HI, RATIO,
|'sPwWYD, F, DELTA

1

" -PRINT. HEADING

COMPUTE ‘TRIAL .
"EFFECTIVE - HEAD
--ON WEIR -

READ QREJ, VW, B, 5, ‘l'lj

.Y
‘COMPUTE
QWAVE -

_YES { 15:SURGE HEIGHT -~
- \_LOWER THAN WEIR?

NO

"y

COMPUTE
. QWEIR

[""apousT TRIAL ] NO7 1S DISCHARGE BA- ™\
-1 SURGE HEIGHT -~

~ LANCE EQUATION .

v SATISFIED?
L ?"_‘I"ES
L GOMPUTE YR-YL . - |-
-~ AND RF :

¥
| eRINT aREY, VW, Y1, -
| COEF, XL, Hi

e R
[ erinT HEADING

- 4
| PRINT RATIO, SPWYD,
" He, YL YF, RF, FF

"HAVE ‘ALL DATA = .\ |
"CARDS .BEEN'READ? )
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PROGRAM NO. 2

"'ElectrOnic-Digital Computer Progi‘am to Solve Citrini's Equation for
_Attenuation of a. Rejecti’é‘fn Surge by a Side Weir from {King [8]

PROGRAM DESCR IPTION

The program was deve10ped to solve an equatmn derived by C1tr1n1 [4]
for the attenuation of an open channel surge by a -side weir. .The
" lengthy equation is presented in the Theoretical Conmderatlons Sec-
tion of this report and will not be repeated here.: The. program was
‘written in the FORTRAN IV language ‘and can be used on most elec- -
'tromc computers.  No Spe01a1 operatlng procedures are requlred '

Solution of the equation was' accomphshed by the bisection method The
reguired result was the surge height following attenuation by the side
weir (or lateral smllway) Dimensionless forms, YI and YF, were used
in the computations. = YI was' the ratio of the surge depth (Y2) to the -
normal water depth (Y1) before attenuation by the weir, and Y¥ was the
corresponding ratio after attenuatlon by the weir. In the bisection _;
~method, upper and lower limits are chosen which are expected to bracket-
the correct solution. In this case, the upper limit (YF1) was the ratio
‘of the surge depth before attenuation to the normal channel water depth
(YI) and the lower limit (YF2) was assigned the value 1.0, which cor-
.responds to complete destruction of the surge wsve by the side weir.
. The trial value of YF is taken at the mldpomt between the limits and
substituted in the eguation, which appears in the form of a function
statement.(RESID). The correct solution is reached when the value of
the function is equal to zero or is within an arbitrarily chosen limit on
“either side of zero. In this case; the absolute value of the function
‘required.for a correct solution was 0.00001.. In the bisection method,
~the limits are. adjusted and iterations continue until the solution is
_obtamed For each iteration, the-trial value:'of YF is taken at the mid-

- point between the upper and lower limits. If the corresponding value of -
- RESID is negative, the lower limit is assigned the trial value of YF and
_ the upper limit remains the same. ~Then a.new trial YF'is. obtained
- at the:midpoint between the new limits. The procedure is repeated and .

- the ringe between limits becomes smaller, until the correct sclution 5
is obtained or until 20 1terat1ons (sufhment for the data used) had been ‘

_ j_accomphshed - An error check was- ‘included, in case the method did
':not converge to the correct solution. ' : S

__fInput data con51sted of the channel bottorn w1dth (B), the s1de slopes e
_+'{8), the discharge coefficient of the side,weir (COEF), ‘the initial flow . .
L depth (Y1), the surge depth (¥2), the dlstance of the weir crest above . -
“‘the channel floor (SPWYD), the weir length (XL), and the Froude num--
-~ ber of the. 1n.1t1a1 ﬂow (F) A sample 1mput data sheet is: 1nc1uded in-
.this: appendlx ' : ‘ L :







'%—DEFINifTIOﬁiOEiﬁifﬁ'ii'MS;?-ﬁ's_iEIisHif-Col.\ﬁiBﬁ'ﬂﬁﬁ-;BRQG,R M NO

r'f‘Statement funct:.on .name
':ZRatlo of surge depth to 1n1t1a1 depth before attenuatlon
'by the side weir. (Yl) _ -
.:DlmenSt:)nless we1r dlscharge coeff1c1ent (,u)
_'We1r length (L) .
: .‘W1dth of channel at e1evat1on of welr crest .
; }Rec1proca1 of Froude"rn. mber of 1n1t1a1 ﬂow (A)
B _'.‘;'Rauo of SPWYD to YI (C*)' |
if‘fChannel bottom w1dth
Channel 31de slopes
) -lWelr dlscharge coefﬁelent )

_.‘:'ﬂ.. :

: _ -;5-Surge depth before attenuatlon by 51de we1r : |
: -k ‘ L
"'He1ght of welr crest above'-' hannel. loor i

5 _:‘-'Ratlo of welr length to channel top W1dth at we1r crest
(L/W) B 5

'S,Ub_ss:r__lpt‘,-"f ‘




“*DIMENSION ¢

" 4YF AND DIFF.

| PRINT: HEADINGS

E -."READ ‘B, Sy’ COEF'Y'
yey SPWYD. XL'

i ;

"C.QMPU"I"ET‘EIXMU:"A.F:? |

coupun-: DIFF. u)

“AND! DIFF:(3).

=

“COMPUTE YF(2) | |

¥

- COMPUTE-DIFF (2)} .

¥

Y2, 5SPWYD,’ XL):

'»‘F YI,YF(2)"

IS;‘.DIEF:;(?)

= "NO
: :s DIFF ()3

YES IS DIFF\S)* YES

DlFFlal

PRiNT
‘DIFFI(2)

: ‘_<  AND.DIFF(3) A

,D[FF(3) :

vr(a).
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CONVEHSION FAGID.'BS BRITISH TO M:E.TRIC ‘U!HITS OF MEASUREMENT

rsimhctwsudupt& b memramnfﬂemmﬂmuethose hytheAmeﬂmSucletyfar 5
rials (ASTM Metric: Pra.aice Guide, January 1084) that cmal’factors. (*) commonly-used. in
Furt.h_e cuaaimu!dnﬂmﬂmsoiqumﬂ sandnnﬂsisqivenmpaqeslo-unﬂhe :

bythaMMarebasedonthe“MermﬂmaiSystemofUnﬂsm :
rnationel Committee for Welghts apid Measores; this system o
}-second—mpere) systernt... This system h:s ‘been a.doptedby the

. _'_Themeh'ictechnlcalrmitoﬂorcalsthem%g-ime,mmmimwhm - s.gue . vlnga,.
Zmass of 1 kg, Tvesitanaccelemﬁonuﬁ) mjsec/sec.tbestandardaceeflnuon freefa‘lltowa.rdtheu.rth'
- center for sef evelatéSdeqlaumde The metric udt of force 4n SIunits is the newton (N}, which 1s defined as -

*'that force which,: whenaypuedtoa.bodylnﬂngamssoﬂhg, givealtmuceelemﬂancﬁlm/secfaec These:mits

"~ must be distinguished from the {inconstant) local weight of a body having 2 mass of 1 lg; tliat 4s, the welght of 2.

'bcjyth.tiomewlthwldchabodylsau:actedto earthandlsequaltotbemnssdabodymﬂﬂpu bythe - BRI
- acceleration dus to gravity. - However, because 1t is general e to.use " "-rathep than the technieally -« ¥
" eorrect terme ™ ~force, ™. the term ' ldlo?rm"(urderw mass unit) has’ uaedmuusgiddeinstendo!“ldlogrm R

imm 43@?-'1!m ssi.ntg the ccm'ersion mclors forces. . The newtcn unit uf iorce wﬂl Bind, increastng use,’ a.nd ls ‘
- esse .

o /,': -

) Tshle I o
. -Qums AND UNTTS, OF SPACE .
_ . — lé;—' o
mnm

25.4(emcﬂy). ey
aﬁ.é(emctly).)". .

T

.. Cuble centtmeters - -
: Cuble meters - )
< “Cubtc meters - -
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tiecal equations, nd_anpporting xperimental data are. prescnted ror
) ) \7 side weir in a-

in expermental data dre preaent.ed for
“by.a longitudinal li.de welr in a
ade. or.a thearetical equation uhich

of; each progrmu, eou.rce ‘atate-

eaults’ ar p'reaeuted 1n the appendi.:.‘

ABSTRA.CT

i -—'Theoret.:cal equationa and uuppurting experimental dats’ ars preuented for
;- determining attenuation:of surge wavea by & longitudinel alde welr io & .
J trapezoidal chagnel, - Campariaons are made of a theoratlenl equation vhich’
“ had-been derived previously for. rectanguler; chantels and an equatlon d
" oped during thia atudy; . agreement of - each of these aqunuona with experi
- mental data 1s determined. . Surge- hedights vere recorded by 6 capacitances.

type vave ptrobes with sensors conuinting of, plaut-tetzed-enmel—-enated trq.
Tso almrt ‘digital- eomput.er Programs. vere deve!.oped for. Arial’ aolutiona of

" ithe, theuretical equations, - An explanntion of. each program, sourea_ntata-

‘ment liatlng, sa.mple 1nput data, and rasu.lta ai'e p-raaented in the

Two short digital couputer progr Y

.. the theorstical equations,
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