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ABSTRACT

A simple interactive weir structure floodflow bypass analysis program is developed to estimate the amount of water
that will spill over & weir wall for a given inflow into the channel. This provides the user the ability to estimate the
optimum weir wal) height to meet the design requirements, by calculating the channel outflew and weir capture flows for a
given channel inflow. Use of this program aids in developing a cost-to-benefit curve for subsequent optimization. The
purpose of this paper is to provide information on the use and practical application of the weir overflow analysis program.
A detatled example of how this program works is provided in the example problem by showing how the program was implemented

into the design of the Galivan Retarding Basin.

INTRODUCTION

Use of the weir overflow analysis program provides the
ability to create a cost-to-benefit curve. The advantage
of developing a cost-to-benefit curve is that the optimum
design in terms of efficiency and cost is determined. In
the case of the Galivan Retarding Basin, the cost of exca-
vation of the basin was compared with the cost of construc-
tion of the weir wall., The cost-to-benefit curve indicates
the optimum weir length and excavation of the retarding
basin.

In the following example problem, a method for deve-
loping a cost-to-benefit curve is described. The example
problem's design purpose fs to transfer excess flows from
Oso Creek into the Galivan Retarding Basin via a weir
structure. The design conditions are to restrict the Q49
flows of 8700 cfs to 4200 cfs, transferring 4500 cfs 1n%o
the.retarding basin (see Fig. 1}. Since Oso Creek is to
be fully developed as a rectangular channel, it was decided

EXAMPLE PROBLEM:
OPTIMIZING BASIN EXCAVATION VS. WEIR STRUCTURE COSTS

Use of an optimum weir length will result in Tess ex-
cess flows being transferred into the basin, resulting in
Tess excavation. Since Oso Creek parallels the retarding
basin and continues to extend upstream from the basin in a
straight 1ine, the opportunity to design an optimum weir
length is available (see Fig. 2).

The length of the weir was determined by comparing the
cost of excavation and any savings realized in excavation
by the reduction in excess flows with the cost of any given
weir length. This was accomplished by first calculating
the cost of construction of various weir lengths and
heights. To achieve this, the following equation was used:
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to place a welr wall within the channel with an optimum 27
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Fig. 1. Inflow vs. Outfiow for Galivan Retarding Basin
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Fig. 2.
where
[ cost)of concrete and rebar per cublc yard (approx.
3250
= height of weir wall (varies with length}
w = width of weir wall {1.5 foot)
1 = length of weir wall
C = cost of weir wall

After selecting several arbitrary weir lengths their cor-
responding optimum weir heights were estimated by varying
the weir hefght in the hydraulic calculations for each
arbitrary weir Jength chosen. The welir height selected
was the one which allowed flows closest to but not exceed-
ing 4200 cfs to pass by the weir.

The results were plotted on the Cost Optimization
figure (Fig. 3) and are represented by the solid straight
itne. [t shouid be nated that as the Tength of the weir

wall increased, the height of the weir wall also increased.

With the increased height, only flows closer to the peak
flow woyld be able to travel over the weir. With the
increased length less excess flows were captured.

Second, the cost of excavation based upon weir
length was calculated. This was accomplfshed by choosing
several weir lengths and calculating the volume of water
that would flow over in each case. This volume of water
indicated the amount of storage necessary. From this
information the amount of excavation per cubic yard of
dirt could be calculated. Once calculated, the resylt
was plotted on the Cost Optimization figure and are re-
presented by the splid curved line.

Finally, the costs of both weir construction and
excavation per weir length were added together. The re-
sults were plotted on the Cost Optimization figure and
are represented by the dashed curved line. The lowest
point on this curve represents the optimum costs vs.
weir Jength and indicates the optimum weir length to be
approximately B850 LF. With the optimum weir length
chosen, the optimum weir height could be estimated, It
was shown that, with 5, = 0.0040 and a weir coefficient.
of 3.0, the optimum weir height for the 850-foot wefr
is 5.05,

Plan view of weir structure and detention of basin system
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Fig. 3. Cost Optimization Figure

WEIR PROGRAM DESCRIPTION

The weir program solves for the continuity equation
along segments of the weir by balancing the inflow of water
to the segment to the outflow of water from the segment due
to flow over the segment's weir structure.

The weir Structure geometry is assumed to be composed
of simple straightline transitions (see Fig. 4). The welr
structure 1s of a constant height and the continuing channe}
is of constant slope, so the channel width varies linearly
from a beginning width to a terminating width. Fipally,
flows over the weir are assumed given by the weir relation-
ship of

218 MICROSOFTWARE FOR ENGINEERS, 1986, Vol. 2, No. 4.



Floodflow Bypass Analysis Program: W.V. Burchard and T.V. Hromadka

. 1.5
Qi o Hid

Qi = welr flow over segment 3

C = constant weir coefficient 0<C<3.09

W, = width of segment i

d = flowdepth of water above weir at Segment |

The program initiates by checking the minimal flow
through the chapnel system assuming norma) depth. If the
entered flowrate can pass through the weir structure with-
out overfiow, the program returns to the main menu of
commands.

If the entered flowrate does encounter weir overflow,
the overflow 75 estimated using the weir flow relationship
of (1) and. Fig. 4. Based on the entered segment width
Tength, the weir structure is subdivided into segments for
sequential analysis. On 2 segment-by-segment basis, the
weir overflow s estimated by use of (I} and the flowdepth
correspanding to normal depth in the rectangular channel
cross-saction based on the channel slope, flowrate,
Manning's friction factor, and channel width. After
estimating Q4, this flowrate is subtracted from the Seg-
ment's upstream flowrate to produce the next segment's up-
stream flowrate. Proceeding in this fashion, the analysis
proceeds downstream until the flowrate is either Jess than
the capacity of the channel (without weir overflows), or
the end of the structure is reached. The exampie problem
{1lustrates the calculations.

END WIDTH

WEIR STRUCTURE
Pe—— CHANNEL
WEIR OVERFLOW
A 1 _P A

1 BEGINNING WIDTH |

{
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PLAN VIEW
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SECTION A~A

Fig. 4. MWeir Structure Geometry

The program returns the user to the main menu after each
analysis in order to, provide an interactive mode,

(1}

PROGRAM-READ-WRITE UNITS
The program is set up for the following unit numbers
in the format statements:

TABLE 1. WE}R PROGRAM UNIT DESCRIPTIONS

Description

10 Write to CRT
1t 'Read'from CRT

Unit Number

EXAMPLE PROBLEM
A weir structure has the following dimensions and data:

welr structure length 100 feet

channel slope {.0050 feet/feet
weir strycture beginning width 30 feet

welir structure end width 20 feet

channel Manning's friction factor 0.015

weir height 4.0 feet

weir coefficient 2.5

After accepting the weir structure data entries, a
flow value is entered for subsequent analysis, For this
example, a flow of 500 cfs and a segment spacing of 10 feet
resylts in a maximum normal depth of 2.332 feet which is
Tess than the 4-foot weir height; hence, no weir overflow
Is estimated.

For 2,000 cfs (and a segment spacing of 10 feet],
howaver, the following results are developed:

TABLE 2. EXAMPLE PROBLEM RESULTS

Distance

From Channel Excess

Start Flowrate Width Height Spillover

(feet) {cfs) (feet) (feet) {cfs)
-1- -2- 3 -4~ -5a
0.0 2000.0 30.0 0.26 3.3
10.0 1996.7 29.0 0,38 5.9
20.0 1990.8 28.0 0.48 8.3
36.0 1982.5 27.0 0.60 11.7
40.0 1970.8 26.0 0.22 15.4
50.0 1855.4 25.0 .85 19.5
60.0 1935.9 24.0 0.97 23.8
70.0 1912.1 23.0 1.1z 29.4
80.0 1882.7 22.0 1.24 34.4
90.0 1848.3 21.¢ 1.38 40.7

In the above tabulatiom, it is seen that the weir program
calculations are based on the segments upstream normal
depth hydraylics. Consequently, for the first segment,
normal depth is calculated at column -1- using the flowrate
of column ~2- and channel width of column -3-. For the
first segment, normal depth at the upstream end is 4.26
feet; hence, 0.26 foot of flowdepth is above the weir.

Fer €£=2.5, equation (1) gives a spillover of 3.3 ¢fs
(column =5-=). The 2000 cfs flowrate is then reduced to
1996.7 ¢fs {column -2-}.

By using different segment widths, calculation effort
varies, and so does relative accuracy., Table 3 compares
the gutput results for several segment sizes.

TABLE 3. WEIR PROGRAM RESULTS VS, SEGMENT WIDTHS
{Example Problem)

Segment Width (ft} Number of Segments Ffnal Qutflow (cfs!

100 1 1966.8
50 2 1877.6
25 4 1831.8
10 : 10 1807.6

5 29 1798.4
i 100 1792.0
0.10 1000 178%.7
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APPENDIX:

PROGRAN 1O ESTIMATE CONTIMOTTY COUATION FOR WEIR OVERFLOW

CONTIMIE
WRITE(1S,1001)
mnfun.'ﬂu PROCAAN ESTIRATES TEE CONTINUITY®,/,

13X, *EQUATION POR FLOM OVEN A WEIN®,///)
H';:!lul.llﬂa

MAT{10X,* m:l WEIN STRUCTURE LENGTH (PR

READ PAZE(11) EPEETLTL)
uannu.:ouj
PORMAT (////, 10K, "ENTER WEIR BTRUCTURE CHANNEL SLOPE{FI/1P)1*,/)
READ FAEE(11)80
WRITR{10,1004)
mlm‘ruﬂl.u:.‘mn WELR STRUCTURE CNANNEL BEGINNING®,

* WIDTRIFP?]1%,/)
READ PREE(11}%1
WRITR{10,1045]
FOMMAT (////¢ 10K, " INTER WEIX STRUCTURE CNANNEL END WIDTR(FYIi®,/)
READ FREE(11)W2
WRItR{10,1008)
FORMATI////, 10X, "ENTER WEIR STRUCTUNR CHAMNEL MANNINGS °,
*FACTON ", /)

ABAD FARR(1L)XN
WAITE(10,1007)
FORRAT{//// 108, *ENTER WEIX MEICYN(PY),*}
NEAD PREE(IL}N

ﬂl?ltll.lonﬂ)

mnuﬂﬂ/.ul.‘um WELK COEPFICIENT:*,/)
AEAD FREE{11)AC

WRETE(10,2000) AL, 80, 0], w1, XN, 0
vom‘r (SEFrTss i:l 5; ’rrnn DA;’

= ACCEFT DATA AND CONTINUR®,/,

3K,°1 « REJICT DATA AMD RKINTER DATA VALUES®,/,
5E,%3 s EXIT PROCRAN®, /)

MEAD FRER(11;ZOPT

I7 (ROPT. 2Q.3)CONS 14000

l'(u".u.!lm 1490

lrlll'l tu. 1930
muﬂlf/////ﬂ.:u.':mn FROGEAR OPTION SURBER)",/,
%," YALUR INTO STRUCTURE®,/,

5K,°2 - mm:-l WEIR STRUCTUAE SYSTEIR®,/,

51,3 = EXIT PROGIAR®,/)

i

romﬂl///. lu.'nm WEIR STRUCTURE INPLOW(CTE)12",/)
AEAD TREZ(11)Q
wWRITR(19,1011)

:o‘:'{n;t“/ilcx. ENTER CALCULATION SPACING ALONG WEIR(FY) )%,/ )

CALL mmisa.o.n.,n xN,¥,10,00,100,)

lr(n CT.N)GOTO 2
TH{1E NHH:I

romu [%
s:.'nna llxm of ",rie.3.*

LOWOIPTE OF “,P10.3,° IS LESS THAN*,/,
<+ FLOW PAEETS THROUGE STRUCTURE.*)

ass

00
C...FLOW EPILLE OVEIN WEIR. -
H

DM (Wi-W]} /XL
el &

DR e DO
Convr o INTIALIER DO-LOOGP VARIANLES
WTw]=-0Du

1019
c
FL1]

0
aode

Dgwl.
Q=0

XSUR==00

WRITE(}0,101%)

FORMAT (11X, "DISTANCE FLOWRATE  CEANNEL [~ 1d=] ) SPFILLOVER"
#/ 2108, “FRON START icrs} wipm REIGNT crag®y
CONTINOE

WY uieT DM

Cq=0Q-00

ZBUR=XIUK+DD

IF (ZSUN.LT.ELIGOTO 240

SoT0

CALL THNCARA [S0,0Q,0.,NT, XN, V, 10,DN, 100.)
PR=ON-K

BQg=4.

iF{ba,LE.0.150TC 130

DQ=xC*Dpopy**l 3
WRITE(10,1020)38UR, 00, W, DR, 00
PORMAT{103,5010.2})

S0TO 250

CONTINDE

sTOP

g

WEIR OVERFLOW PROGRAM

930
L11)

fnnn

300
510

SUNROUTING TORMA (30,0, 1,3, KN, V¥, WUT, DN, DNAX }
BN-DRAX/ 2,
HiN=4,
;ulﬁ:.-q-:u-ud.vw;-mu'm.n".un/u.ut-uto:-m;
SDNAK} 443 §E6THIQRT (08} )
xnrul':';:c.su.su

A
nrom“"ll'mina.!n-»mal- FLOW IR CEMNIEL EXCEEDE CHANNEL',/,
14X, 'CAPAGCITY [ NORRAL DEPTE EQUAL TO BPSCIFIED MAXINUM *./,
14T, "ALLOWADLE DEFIS).F,
/14K, *AS AN APFROXINATION, FLOWDEPTE IS SET AT WAXINON',/,
ux.mu.a-ur.s DEPTE AND IS USED POR TRAVELTIAK CALCULATIONS.®./)

wm 70
=4
Iuls}
IP(I GCT.30160 T0 554
PUN=L, ~QPIN* (02, DUTSQNT (24T41)) ¥ 48T/ {1 4067 | (Ne1oDN)

CTON) =1, 86T SORT(30])

L)
538
540
30
e

nn

5

IP(Pou} 930,540,530
TAIN=DN
co N S48

HAX =DM

DII-(I’HIIOMI[
w [AI:(DI-DII) .LT--OHW N 510

GO 1O 518
WRITR (WOT, 1018)
PORMAT {/, 10K, 'ma3>CARON) MO CONVERGENCE M PROGRAN 10 WORNAL OEPTS.

£ 14, ‘RS AN APPROIIMATION, FLOWGEPTA 14 SET AT WAXINOR ALLOWANLE' ,/,

l‘l. ‘OEPTE AWD 18 USED FOR TRAVELTINE CALCULATIONS.',/)

INUE
!’A-(Dl'l’l) on
COI‘HNI
nITY
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