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FOREWORD
 

The Center'for Rural Development, which is a Division
 

of the Berger Group of companies, assists clients in planning
 

and implementing programs and projects aimed to expand economic
 

the well-being of rural populations in
opportunities to improve 


many parts of the world.
 

Currently, in 1983, the Center supports ten major
 

rural development projects whichare funded by the World Bank,
 

the U.S. Agency for International Development, the Asian
 

Development Bank, and other international agencies in Asia,
 

Africa, the Middle East, and Latin America.
 

As a part of its services to clients and the
 

professional community of those engaged in ruraldevelopment
 

work, the Center releases technical notes on various aspects
 

The notes are numbered by reference
of individual projects. 


to the individual projects.
 

a part of that
Technical Note No. 7 is is'sued as 


service.
 

For those interested, additional copies may be obtained
 

from the Center. for Rural Development, c/o Louis Berger 
Inter

national, inc. 100 Halsted Street, East Orange, New Jersey 07019,
 

U. S. A.
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BROAD-CRESTED WEIR,
 

Simple-Accurate Flow Measuring Device
 

for Irrigation Channels
 

I. Introduction
 

Poor irrigation water management'in operational irrigation
 

systems is a common problem in many developing countries. Many
 

government agencies, donor agencies, as well as private concerns
 

are being encouraged to develop water.:management programs or
 

improve existing ones. A major step in implementing any program
 

is measurement of irrigation water. Proper and successful water
 

management depends on accurate flow rates.
 

Traditional water measuring devices svuch as sharp-crested weirs.,
 

and parshall, trapezoidal and cutthroat flumes are-difficult,
 

cumbersome, and expensive to use. Th s is especia'lly true in
 

retrofitting them to existing lined channels. Since these devices
 

require calibration, field use is limited to particular shapes
 

and sizes for which these calibrations were made. Any deviation
 

in field construction from exact dimensions as calibrated results
 

in a change of depth/discharge relationships. The strict
 

dimensional requirements of these devices is expensive and
 

difficult to obtain under field conditions. They also require
 

a large head loss to obtain valid measurements of flow.
 



flume that is simple to-construct has been
A new style of 


developed that eliminates most of the problems of the more
 

This flume resemb1les'a modified broad
traditional devices. 


(BCW) and is actually a~style of: long-throated
crested weir 


flume, which is designated a BCW flume.
 

Mr. J.A. Replogle, et. al. of the U.S..has been responsible
 

See

for developing the model for this type measuring device. 


references for details of his mathematical model which will not
 

be discussed here.
 

The mathematical model which has been derived and tested both in
 

the lab and field,allows design of BCW's for any particular size
 

The BCW is simple to construct, causes
and shape of channel. 


very low head losses, and provides for accurate flow measurements.
 

With
The computer program of the model is listed in appendix C. 


the advent of microccmputers use of this model to design and
 

produce a depth/discharge table is simple indeed.
 

II. Design Criteria
 

Figures 1 and 2 depict the BCW and pertinent dimensions. 
The
 

and sill
important design dimensions are the sill length, L; 


height, S. Of these the sill height is the most important design
 

dimension since it controls the water level in the channel.
 

that the upstream
It must be high enough to obstruct the flow so 


level rises as shown in Figure 2. Field and lab tests have shown
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that the flume will operate satisfactprily at a submergence of
 

85%. That is, the downstream depthshOuld be no more than 85% of
 

the upstream depth as measured from-top of the sill. Also the
 

sill height must not cause so much of an obstruction that the
 

canal overflows upstream of the flume.
 

For low velocity flows a freeboard 6f 20% of Yl(the sill referenced
 

depth) can be safely used. These two criteria must be met for
 

full range of expected flows. Both are most crucial at the
 

expected maximum 'flow. Therefore design is based on the
 

expected maximum flow and associated maximum depth.
 

The sill length is less important in design. If it is too short
 

flow lines inthe throat section willnot be parallel enough and
 

flow ratings may vary by as much as,5%. In general the sill
 

length should be at least two times the sill referenced depth
 

(Yl) at maximum flow. However, a sill length longer than 20
 

times the least flow depth to be measured should be avoided
 

because flow becomes uncertain.
 

The converging section (ramp).is constructed with a slope of
 

3:1 (horizontal to vertical) as this slope has been found
 

sufficient to maintain parallel flow. Existing canal side slopes
 

part of the flume throat section. Usual construction
serve as 

6 

practices for canals is sufficiently accurate for this section.
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The BCW can be constructed with a diverging section, a 6:1
 

(horizontal to vertical) ramp, this will improve the submergence
 

For most common channels
limit, in some instances up to 95%. 


and conditions the diverging section is not necessary.
 

Design procedures are relatively 'straight-forward. The maximum
 

flow and associated flow depth along W4th channel geometry
 

(bottom width, side slopes, anc. constructed depth) are needed.
 

The computer model previously mentioned is used for design and
 

Use of the program in
printing tke depth/discharge tables. 


design and an example is given in appendices A and B.
 

III. Construction
 

After the BCW has been designed construction is relatively easy.
 

A check of the channel in vicinity of flume location should be
 

made to select a site where bottom and side slope irregularities
 

If the site has side slQpes that deviate signifiare minimum. 


cantly from assumed design slope another site should be selected
 

This is'
 or the BCW design recalculated using actual values. 


especially true of the slopes above the throat section.
 

The BCW has two sections - the ramp and the sill. Width of the
 

sill should be as near to calculated value as the desired
 

a 1% error in width will
 accuracy of measurement. That is; 


cause about a 1% error in flow discharge. While the sill
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height is of importance as it controls:water 
levels and
 

the sill is not
 
submergence, precise vertical location o1 


critical to discharge ratings except where it causes.the flume 

width dimensions to vary significatly. Should the field 

constructed flume exceed a tolerable ampnt,
the computer model
 

can be rerun with actual width to calculate 
new depth/discharge
 

sill should be-leveled 	in both directions 
with
 

reatonships. The 


5-10 cm wil.l cause
 
no large irregularities. Sill lengths wi'thin 


negligible change in discharge, especially 
ifi the error wrakes
 

the sill longer.
 

The upper edge of the ramp should-joih the sill such that it
 

slightly rounding the joint cornerdoes not protrude above 	it, 

The ramp need not taper to zero thickness but
is desirable. 


can be
 can be ended abruptly at 5-8 cm thick, :,Drain tubes 


the -canal.. I P. ,owthrough the tubes
installed to drinng 


will usually be small compared to flow 'through the BCW.. 'they
 

however be plugged if desired,can 

The BCW can be cast in 	 place con-crete,.either as one pour or 

sil), and fot the ramp). It can alsotwo .... s (one for the 	 one 

. 

be constructed with rock fill with a concrete-cap.

The concrete
 

trowel finish.
should be given a smooth broom or 
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It should be possible to make use of this BCW in unlined 
ditches
 

if a section of the ditch abovc and' belQw the flume 
is lined.
 

This would be especially true onthe downstream 
side to dissipate
 

the drop. Before adopting,such a design some
the energy due to 

tests should conducted. 

Flow measurements are relative tothe depth of flow 
measured just
 

Tis depth. is measured-with
upstream of the flume, Figu 


respect to top of sill elevation. A poirnt on the sill at about
 

L/4 from the downstream end and at centerline of flo4 is uzed as
 

There are several ways to-measure the depth of flow,
 a reference. 


including vertical staff gauge, inclined'staff gaige, and stilling
 

In using the staff gauges speci'al attention must be given
well. 


to locating the "zero point" of the gauge with.respect 
to sill
 

The use of a stilling:well has been found
reference point. 


relatively easy to install and use and gives 
very accurate
 

Figure 3 shows a typical installation and how 
depth


results. 


From the depth of flow valu'e a corresponding
of flow is obtained. 


value of flow is obtained from table of depth/discharge relations
 

for the particular flume.
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(5)
 

Vari-able 

2-5 To iof: sill
 

(1') 	 (2) 

radn
Detail of Stilling Well 	 reading
 

:1 

(e-l. difference) 

I 1 4 ) I 

flow
 

.3-.4(-3) 

Flow Measurement
 

1) 	Approximately .10 cm 4 pipe of appropriate length,,to extend below 'elevation of
 

top of sill.
 

(2) Approximately " 4 pipe of appropriate length, vWelded to stilling well, sloped
 

at slight engle to at least 2-3 cm below top of.'sill, and protrude 2-5 cm into
 

the channel.
 

(3) Measuring point should be located about .3-.4 m upstream of the end of ramp.
 

(4) Depth of flow (Yl) is obtained by subtractin, the tape reading (x) from the 

elevation difference.
 

(5) An appropriate cap for stilling well. 

Figure
 

Stilling Well and Flow Med'urement
 



III. Recent experience at Lam Nam 0on
 

Flow measurement at Lam Nam Oon has been non-existant'in the
 

past, other than using the rating curves, from design, for the
 

main canal head regulators. The're are, several reasons for 'this'
 

One major-reason has been the lack.of demand-on the system in
 

the past and therefore no real need for water management and
 

water measurement, Others have to do.with the physical system
 

itself. No measuring devices are present in the main canals.
 

Most laterals have constant head orifice (CHO) type turnouts
 

from the main canals. These can be used to measure flow if
 

they are calibrated and operated properly. At present none of
 

the CHO's have been rated to determine the coefficient of
 

discharge, nor do they have staff guages to set the proper head
 

differential. Construction practices' in regard to entrance
 

conditions, gate installation, etc. affect the coefficient of
 

discharge. Observation of existing CHO's show a variance in
 

the conditions from one gate to anoth-er. Hence, a coefficient
 

of discharge for one gate (or set of;,g&tes) will not likely be
 

the same for others. Therefore al'l'wbuld have to be rated
 

individually. Also, staff gauges would have to be properly
 

installed (about 4 per lateral)., With the CHO's rated and
 

operated properly it is doubtful if they could be read to an
 

accuracy of 5%.
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It was with these difficulties of the present system in mind
 

along with a need for easy, accurate flow measurements for
 

initiating a water management program that the BCW was 
chosen
 

as a measuring device. As mentioned.'earlier, its adaptability
 

in design, ease of construction, and accuracy of measurement
 

make it ideally suited to project conditions.
 

Two BCWs were installed in laterals off the Right Main Canal
 

at Lam Nam Oon in December 1982 and have been in operation
 

during the following irrigation seasOn. 
The larger one designed
 

for a maximum flow of 1.34 
m 3/sec with sill height of 0.45 m,
 

width of 2.85 m and length of 1.0 m. The smaller one was for a
 

maximum flow of 0.26 m3/sec. 
Both were constructed of rock fill
 

and capped with about 10 cm. of concrete. A stilling well of
 

approximately 10 cm diameter was 
chosen as being the best
 

alternative for measuring flow depth. 
 Construction time for
 

each was about one day.
 

Three seperate measurements of the larger one was made by Lam
 

Nam Oon staff and personnel from RIDIs hydraulic lab. These
 

were made with a calibrated pitot tube taking numerous velocity
 

measurements in the flow cross section. 
Comparison of the flows
 

calculated with the pitot tube and those for the BCW were all
 

less than three percent. 
Overal the BCWs have functioned as
 

expected with no problems. Further'plans are to install BCWs
 

in all the !aterals and possibly 'in the main canals at strategic
 

points.
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After installing the larger Broad crested Weir it was tested to
 

determine if at maximum Q it functioned properly. It was found
 

that the maximum Q it could handle and not'be submerged was about
 

0.8 3/sec. this is about 60% of the designed value for the canal. 

The cause for this stems from the assumed design value of roughness 

(Manning's n) of the concrete lined canal-ar'd that of the actual 

conditions that exist now. The assumed value in design was
 

In' 
= 0.014, from the Handbook of Hydraulics, this represents
 

a concrete lined channel in 'good" condition. None of the canals
 

at Lam Nam Oon, at present, meet this condition. Previous checks
 

in some other canals gave figures on 'n' ranging from 0.02 to
 

0.04. 

The value of 'n' has a direct effect on the depth of flow at a
 

particular flow. The following shows this:
 

'N' Depth
 

0.014 0.75
 

0.016 0.83 

0.018 0.85
 

0.020 0.,90 

This increase in depth of flow, under actual conditions, down

stream of the weir has the effect of causing submergence at a
 

flow less than Q maximum.
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To eliminate this problem two thing s can be done. First, is
 

to assure that the canal. is kept cleap and meets the assumptions
 

of design. Under actual conditions thi's may be difficult.
 

Improvement can be acheived but not likely to original
 

assumptions. Second,in designing the Broad crested Weir use
 

a value of 'n' that will most likely represent the actual .-ield
 

conditions. This will reflect the increase in flow depth and
 

consequently the design height of the'Broad creasted Weir.
 

One advantage of using the Broad crested Weir is; if the sill
 

height as designed and constructed isfound later to not be high
 

enough to pass the flow required withbut submergence the sill
 

height can easily be raised. This is. accomplished by.adding an
 

additional layer of concrete to the Broad crested Weir. The
 

flow/depth relationships are then recalculated for:the new height.
 

Doing this may entaii increasing the height of the lining upstream
 

of the Broad crested Weir somewhat to meet new freeboard
 

requirements.
 

Other recent experience with the BCW 'has been in the U.S. where
 

two large BCW's were recently installed; One designed for about
 

3

57 m /sec., 16.46 m wide, sill heightof 1.22 m and length of 

3.66 m in Arizona; one of about 15'm3 /sec. in Idaho. Both are
 

performing well and flow meter cpmparison show excellent agreement.
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APPENDIX A
 

DESCRIPTION AND USE OF THE BROADCRESTEDWEIR PROGRAM
 

The program, written in BASIC for the Apple III computer provides
 

a model to calculate flow throughthe broadcrested weir.
 

The program consists basically of-four parts:
 

1) Input of intitial data.
 

2) Initial calculations whereby a sill height is found that is
 

approximately a minimum for Submergence.
 

3) A "Rerun" with new values of sill height and length.
 

4) Printing of summary design table and depth/discharge tables.
 

The heart of the program is the main Subroutine. This portion
 

was adapted from an SCS program by Reptogle. Remalinder of the
 

program was written to assist in'designing a BCW from given data,
 

checking the design and printing the desired tables. Figure Al
 

is a general flow chart of the program.
 

The program is run from a "menu" Where the appropriate option is
 

selected, prompts of "Press Return toCont." are at the end of
 

each portion of the program. This alilows viewing of calculations
 

on the console and when "Return" is pkessed the program proceeds
 

to next step or back to main menu for next option.
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' Data Input 

Initial Calculatiorl' 

Submergence/free fJow 

ok T _s ill height & length 

Print 

Summary Table 

Full Depth/Discharge Discharge/Depth 

Design Table Table Table 

Fi.gure Al
 

General Flow.Chart".
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The following is a brief description of how the program is used
 

to design a BCW and print the tables,',Appendix B shows an
 

example:
 

When the program is run select option 1, "Input for Weir Design".
 

At the prompts, data pertaining to the particular channel is
 

entered appropriately. The program then calculates a value
 

of sill height, by iteration, such that the sill height is
 

approximately a minimum for submergence (that is the "Submergence
 

At the end of this
Check" in the table will be at or near zero). 


calculation the table is printed-to the screen for observation.
 

If the "Submergence Check" is zero'or positive this sill height
 

can be used as is. However if there is enough available freeboard
 

a slightly higher value would allow fQr unforeseen.-values of Q
 

greater than design. If the "Submergence Check"' is negative a
 

higher valve must be used to insure no submergence at maximum
 

flow. Also an even value of sill height (at least to a whole
 

number) will make construction e~sier. One'criteria for design
 

of the weir is the sill length should be at least 2 times the
 

flow depth at maximum flow. The'initial value is 2.1 times the
 

flow depth. Again an even value of sill length will make
 

construction easier.
 

After noting the above in the table (presented on the screen)
 

return to the main menu and select option 2, "Rerun with New
 

Sill Height".
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At the prompt, enter new sill height and lenggth (if desired).
 

The calculations will then be rerun with these new values. At
 

the end of calculations a table of new values will be shown.
 

If the submergence and freeboard checks are OK then design is
 

finished. Return to main menu.
 

At this point select option 3, "Print Summary Table". The table
 

(as shown previously) will be listed (to printer or console).
 

For record purposes it is recommended that a copy of this table
 

be kept to show what values were used and arrived at in the
 

calculations. Return to main menu.
 

Select option 4, "Print Tables". This will lead to a selection.
 

of particular tables, select option 1, "Full design table". As
 

above this should be kept as part of the record for. each design as
 

it lists some important design values., Return to main menu.
 

Again select option 4. At this point a table is to be printed
 

for use by field workers. In most cases the depth/discharge
 

table is the most appropriate and, easiest-to use. However, in some
 

circumstances the discharge/depth table is better. Make proper
 

selection and table is printed. The other option under print
 

tables is "Input (only to print jableS)". This is used normally
 

to print new tables for field use where design has already been
 

completed. Selecting this option will lead to inputing initial
 

data (can be obtained from summary table) and sill height and
 

length. After inputLing this information selection of appropriate
 

table is made and the table is printed.- Return to main menu.
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If another weir is to be designed select option 5, "Another weir"
 

and begin the process again. If finished select option6., "Quit"
 

to terminate the program.
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APPENDIX B:
 

COMPUTER PRINTOUT OF EXAMPLE
 

NiME OF CPIAL "?R-15L
 

L'C:!CTIONi- OF I.EIR ?-151
 

. tRJ -,l.I..D DEPTH LF -"RL ?. ,35 

E'EITOH HIDTH .1 

SIDE SLOPES ?1.5 

MAXI iMUH DI SCHR:GE 7.'v? 

FLON DEPFH AT lWax .7 

[,1rJES 'k[E. HAlUE A DIVERGING E;EE:TInN ? "Y' 

IS ALL DATA E-NTERED CORRECTLY ? "Y/'" 'Y 

This is the input screen where appropriate data for the
 

particular canal is entered.
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I HIT I lL COND IT I O'NS 

C'-;TRUCTED DEPTH 0., ,,_,: ..... i H QL 0 . SS, 
EOTTOH HIDTIH 1. 0 FLOH DEPTH 0 .70 S.-;I DE S.-LOFPE.S 1.50 FREET:&.D v,.+1 

WEI R SELECTION 

LENGTH OF SILL 0. G-85 HEIGHT OF 'SULL 0.4.25. 

3.-UBHER-EC E-FREEFLOH CHECK, •HEIR IH PLACE 

SILL REF. FLOIH DEF i0.-.. -. 327 .Q!iaX e this dept.h CI. E.90 
tLtF3::;TREiH- I, TER DEPTH 0.752 
.lC:T. INC. IN HATER DEPTH 0.052 
REL.. INC. IN HATER DEPTH 0.049 
S.,BERGECE CHECK 0.003 

(this i. aPpr,:x. a min. value for SILL .HEII3HT- if he-s then a hiher 

,a l'e shou 1d be ,sed) 

lc.mJRL FREEBOARD 0.088FREO...UIi ED FF;P-E:BOARD 0.8E65 
FREEE, .6-flRCHECK 0.033 

if' rr. tr-_ a 1oi.er val. of SILL HEIGHT) 

.t.he sillIt. - 0.65 is 2.1 * flow dep. i-. Qviax - a :lorr=hr It. ma4 be used) 

LeE-st. FO1-1 DEPTH t.o Ln? I asur-ed is 0.034 

Initial calculation of weir, here the submergence cqheck will be
 
near zero. These checks can be considered and either accepted
 

or rerun with new sill height and iength.
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17.L1D SILL HEIGHT =.47 	 OLD :ILL LENG H .= 8.69 

,qk',,...'...'.-I,	. 
tj -

i __ HE I GHT,,=of" "_, . 4."._ 

ip. - ,.ail_,e for SI LL I hGTH if l-, ted e!-.e PRESS. RET.IRN 

Considering the initial calculation, the submergence check was 0003,. 
freeboard check 0.033, and length and height values to 3 decimal places. 
It may be better to raise the sill height some to assure no submergence 
at slightly greater than maximum flow conditions. Both+length and 
height are selected to nearest centimeter. This is the 'input for the 
rerun. 

HRNE 13F CANAL R-15L L1CATION 0+050 

IHITIPL CONDITIONS 

CONSTRUICTED DEPTH . PX iHUM t. 8.98 
E:OTH HI DTH 1. C8 FLO14 DEPTH 8. 70 
.. S1DE 1.50.FEEBORDSLOPES 	 8. 15 

HEIR SELECTION. 

LENGTH OF SILL i. 0 0 0 HEIGHT OF SILL 0.458 

•JEt.EE 1CE--FF:EEFLOH CHECK, HE!R I N PLACE 

:SILL REF. FLON DEP. 2 .ia: 	 0.323, 'iiax IT t.his depth 0.898. 
Si -'E H P, TEF: DEPT1 0,773 
"CT. INHC. IN HATER .EP-- . 073 
P ri-.NC. iN -iPTE, DEPTH 8.P48 
-__..HER . _E C ECK 0. O25 

E -_ EO,-JRD 0.8. C65
 
C C RD
FRE; 	 .82 

OFLH-DEPTH to, L-e i.E--.ur-ed i . 050 

1't-, I1:TF:UIfUF:EOF = 	 1.26 M3 

This is the rerun calculations showing submergence check higher and
 
freeboard lower. Both are positive sp this weir .design is sati-sfactory.
 
This is the summary table that is printed .Efr the record.
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------ -- ----------------------

DIEM-:..,__E i ONAL DATA H) 

I:--LL LENGTH = I
 
SiILL HEIGHT = .45
 

71 L2. 
1IOrlP 1.5 2 .795 1.:35 

1 0 '90 FF. IDEAL Di!:0 	 A.LF 

H1S AT "T' 0 ICIF U1, 

0.12-5 C.4100n.07 0.06-5 0. 1 7 .I3 1.. 8..7. 0 

. . 1437 0.07 0, 74 80. 1555 	 8.9627 0. 15 1.017 0.812. 
0. 1733 0. R.5_ 0. 16 1.015 U. :.;0. 120 0. 1722 0X03 0,8:., 	 8.38., - U. 0. 0317 424 71. 8. 13 -30.13 0.1i:353?,.3 .1:-_ 1& 0.2 	 L-'.67.5 0.1 1.01!4 90.

4 .t R 0. 117 0.FI1 0'.72 0 2 1 180,10 
.- .- 3,' 1 


1C C-.2 .. C9 

0. 	 _ ' . . " 

6 1. i',, .- A A 

24 C9 .1.,3 A .4.-'=4 A. '.3711 Lt. 222 1.012.0.. 

. 170 0..C02' 0.12 8. .3109 	 .8740 1-. 010.258 . 0.25 1.03 
8.1'_ ..2- .12 0.1331 . 70.3410 0,9752 8.27 1.010 1.016 

.1:30 0.3635 8.13 8.1412 .. 7*,-23 0. 3764 0. 2:3 1009 1.09 

. .0. 20 C.00 .... C.!. .. " 0--. 0 0.,774 f1.rL,1%1 0.14 0.1432,!- 4048 	 0."31 1.12 

0.210 	 0.4230 8.15 8.1572 0. 4335 0.97'34 0.33 1.808 1.14 
. . 15 0. 1650 -. 4734 0-.7 3 0.35 1.,007 1.17 

. , . . 727 0.5.9 0. 9,. _ 	 . 36 1. O7 1 -2 

0. 130 0. 5467 0.. 8 3. - 38 1007 1... 

, -	 0.1-, , 5-952 . 9:316 0 1.006 1. 25A.4 . 1-73 	 40 
0 l!.57 _0. 0_ F 0.-.2 3 	 fl 42 1. 006 1.27 

0 44 1.0.06 1.3070 .6542 .2027 10 66 3..	 329.9 C1. n C,. E7' .,76 00 -. 0.46 . 00 
;... 	 0, -1 .47 I.E :5 1.-4O."" 	 .. . .'. 5L '" 

750F K 0 47 1. 0C5 1 .41. :30 0. 73-:3 . . 21 0. 

1 005 1.734 2.7351 0.51 
-. 34. 02 4'. 01. 1330.231 ,9-353 

0.,,50 0023 ..-. .237.' E 0.53 1.004 1.41 
4 10 	 .0. 55" 84. 2.:141 .. Ci'.360 1. 1.43 

.71 .7 0.251 1.. 	 56 100 1. 

Full design table that includes such values as critical depth,
 

Froude number, discharge coefficient, etc.
 

d,' 



L "_, 0.,H3I -lN DPTA (H) 

= 
71; LENTH 


=
HEIGHT 5 
E1 71:. B3 L2 
.. 008 1 2..5 1.35 

I. I j. 4 -- ' 1 

.. .. I t..

;71
 

Ci 

.=j.1 

I. 2ri 245f-lE 

iii 

Ei. 2 E 8. Eik

Depth/Discharge table, probablythe mbst useful for field use 
by
 

zone-en or gatetenders.
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E1 Z! B3 L2
 
1, 00 1.5 .35 1.35 

jIT., 

D gD5 ea. t155
 

0;. 10 0.08 

* : ''1i 

0'.25 0.i,151

2-.-:3 0. 1 T_"; 

H3..."S.H 

0. _65 0.,.20, 

0_.. 0.201

0}. E: t ,. 2'-- "

e,. ~ n.0 3-:34 

0.15

Discharge/Depth table, may at times be appropriate.
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Appendix C
 

COMPUTER-PROGRAMl
 

Cj;E 1 
.,-."E OF THIS PROGR M IS :ROCRESTED HEIR 

PRGRiC-ME [ E:Y ,.,'; c bell 	 DA:TE: 4 FEE: 83 

10 REM *".** BROlD CRESTED HEIR FLUMIE MCKEL,
2, REM
 
3 REM-b is PrD-_ram adapted for t.he fAPPLE II-I fri :' SCS PRG. NOV 1._982
 

wm c bell
 

48I REM. It ii.:deis the flo',., for TRIPEFOID9L FLIJES
 
This. Fr-s. ta._." the inaitia condit.io' and iterat.-. 'Y, Y1, AND Y:
 

t. aPPr-:',x..i,t.e a MINIMIUM valUe for' the SILL HEIGHT
 
5 LREM it. F,,:,.,' i,--- . for a RERUN to all alterirr_ the SILL HEIGHT
 

and.,'or 	 the SILL LENGTH - it Prints a SUHNRY TABLE, FULL 
PETtCi TPFLE 0FTH/DI._- TPELE & DISCHRGE'DEPTH TA6LE- C.-AFE 


138I CL,R: .. 231
... 
7 	 REM:30 REA M-IN M.ENU
 

-:1C REM
 
In8 	 HOME: U.PI-:z=-?
 

PR8FRiNT:PRINT TAB(15.; 1) iNPiF FOR HEIR D-:.iG
 
128 FINT:FRI NT TPE:( 15.f.,;l 2) RETRUN HITH. NEll .cILL HEIGHT' 
1.3.8 PRIT: PP.IT TP.B 15)." .3) PRINT S1HHRR- TPBLE m .
 
14n PPIN: PTT TP_(5, '; 4) PR NT TPE:LE-'
 
150 PRIHT: PRiPT TPE' 15);" 5) HO.HER HEIR"
 
IE1i PRI-: P-INT TE:," 15);" 6) .F.IT" PRFFi
 
17 JPS=--: H-7r.n3T5: iHPUTFSELECT OPTIOH ";P$
 
1:O --JL. -$": IF 1 OR '6 THEN 17 
130 ON A GOTO 248,4!_ 3,15:39,1.-0 ,68,288
 
2C4 CLO-E-:: END
 
2!L REM
 
2 REM i HPUT DATA 
;-7C REM 
2-. HOIE:"P'S=5:HPOS=!8:PRIHT'NAPE OF _CRHPL : PRIHT:HPOHr=18:PRIHT"LOL--cITIOH 0 

" -c JEETR PRINT: PRINT 
25r PRNHCONSTRUCTED DEPTH OF CliP4L ': PRIh7T:PRIHT"BOTTOM HIDTH": PRINT:PRIR 

T'S lEE OFES": P'IT: PFINT ,:I,'j-IH DISCHAFGE ": PRIT: PRINT'FLOH DEPTH AT 
1!aax ":PRINT:PRIHT"DOES HEIR F0.E A DI' 1I9 SECilIN.? "Yz4'" 

j C .- _, F S=3 : I NF'L3T F rt_: I F LE-t C N$> 1 OF: LEt( _-fr$) >20 THEN 21F3_
 

278 UP-=7: 1cY=38: I H_ LOC$:IF LO XI OR LENCLOGS))>28 T 270.
 

- tE rS= 10: FPCr.=3-2: _,4L-H.T E'$ ): I /F• UP<0 THEN
 
2:9 ':1 =2:N-.=,2: INPJt B =B14-(BI$);IF BI<.I OR BI>10 TH+-,29
 
TX _ _ = : H E T~ : I WL'T 71$ : 7 1=:- I. fq-. -:I:1 $ "i F1 1 -5 -T0"
U... r .; 1 4A r .- :-2-? 	 fIZ.. IU OR -1>5TFEH 

f! 	 'P.S=IG.:HF'i;-32:IHPrF i$:',$L< _J'-$):IF (0.81 OR Q>188 THEH 310 
328 I-~=1=::fE_-;= : TT - -:L ,, HM,": IF D<. 1 R DML>9 THEN 320 

.'FX 	X:F - a- --

http:condit.io


.55 UPOS=2.,: HPCS=20: I tJF" I S PL DCTO ETERE ORRECTLY ? "Y/H' ";ANS$
 

w .. , "W " THEN 7.EN.4
 

[F P- Y--="'4THEN TTT=a
 
-' IF FL,;-= I FI 4 145,P
 

RE, 	 IHITiAL CI"LC:L.LTION0 

417;4 ORIT.T C 14) FL-:2: I FLG33-: i- -IB E10: PRIHT CHR$( 7): PRINT C R1-( 15 .. HOHE 
: 3OSUE' 1090HU.... ,, kIPJ-IS=2D3: T n .:,.: 

440 _I4T"ES'3EHP'"=5:' TO CONT, ";R$: RETUH 

IF THEN ...- EL-E I FI
 

4E; REN 
47'1 F:Eit RERUN CALCULAT ION 

REM 
4.4- HOME: 17A=-1 ..POS-5: PRINT ,,S.-1 ..--- , 20A 1 0 SILL H1#,-IDX OL 

EIGHT = ",-,"OLE SILL LENTH = ",L.32ifl.LIc~~~ Fl-1.-- I :F]_-3=I500 L3: FLI1 •FL- 32I= .'1 

51, P_-3: INPUT" Ne'. value f SILL HEIGHT ";Y3$:TY3==VALC 
,IF ,-,$. 0 1OR , ,. THEN 51 -1

530 ..F'OS=1-: INPUT"input r v.value for SILL LENGTH if ..ant,:mJ else PRE'-_ REUR 
N ";lA$ 

C-i: IF JAL, )=A3 THEN L3=2. 1'Y1:ELSE L3V..)ALA$-")- PRINT CHR-(14:':GO3UB 620.:PRI 
NT [:HR( 155 

1757 HO-E: GOSUB 171 93 
RF,71' s. Ipn-IHPUT"PRESS RETURN I ;f-A:---	 TD~M;NT.

r-'i IF THEN : S E.	 0_ EL:.-R f 

1-30I RE ITERPTE FOR Y3- " 'Y1
 
"i REM
 

Y,:L=-J 1: -' 

B30 : '4--!
 

,-,,' ,S!=-: YT' _)iD-3 

H--=E' I2:--2: 

F 17 " --A.4 . 4 1, -- -1 

... ,,IF-O- THEN E;O:ELSE 6E,;4
 
ATF15- ...
"-4

S':' t! _ --.J1 ?.,, . ,-D + bY: L'*' . H4,,-TT1:T-.. --I	 e,..0 D3-_ 4E '. k )/, FN N 3, 

;i IF€AE:', 1-'*=. 01 *Y1 THEN 727 L3=2.1*Y170 T'T=- Ti . IF1 FLG1=D2 TH1 L-L3:ELSE- - - TT.--
71 GOSLIE, 70: GOTOC 9!0 

72 IF FLG.=! THEN RETURN-I
 
-. ',I iF FLG =2 THEN RETURN
 
740 REM
 

Ri ITERATE -SILL HEIGHT (YD
RE1 
730O REH 

IF ,"0 1 M-< J-Y"1 THENS "-D 0 1*Y8 RE I1RN
 
,7-A IF E,( 1,t15*Y, THEN =
 

9.0 	 iF Y,+ rO . 15*Yi THEN r,:1_it-:,
 
t::;3¢8- " G~OTO 6-20"-'~ ')/D' 

... L+.. .,.. :i 3 .
 

-. 	 / 



MA I N '33IBROLIT I E10!3 R1 

~~2LRE - h s1.e main Pa.r-t. oef' tji-th.iviet ~ mocdel1 

.330 RE=71 
:--40j 	 B-:38 1+%*Z'1 03: 1-2[4J4-1~ 

FH A-- FMN 	 -TEN ;D-*3~G~"D 3~ G:* ~J/(P* '9))-05).-IF AB7S( Q-'3X"DG*Q 

C':.f-	 YCI'~/ Fri 'L"4D.:Y-r, 1+Y-G: Y'r)-FN C<r3-)-'(03:: FN N('9r3)) 

I F PER--( V3Y THEN 1::L t I:., 
11i$ El' 	 ~ 

-1,~*4 .S60- ELE 

I? M'>0 HEN 9gi-:ELSE h3:
IF 

E00tf IF S(@-! D).THFENl 95-:J;-ELS::E Cf=C-- r 9ri -7i 
CX'931 FM4 14013 )-0f5: IF A2< 03 THEN--T 320 RELSE R--iJ39,I'1 ED3*(0P2f Frq 

Er2-Dt -F2DL' FT-11Y: > Ff- O('T'3.)>-T3F F!4XM1 TH-EN 9--0:ELSE P4=D.1 
IF PIF'[31-2 THEH :3A'.:El-SE PA402 

s4: P3fr2( '3-E44 >P2--P4Pt GOTO 650E,884-:r*~: F5:ONFLG2 
95-f k Fl--I-)( Fi E('9N--F44:-eG/ Fr-i, T' Y) )-D)':J'4)/ FN '' :V FH- C(Tr'9:3) C'40 
9P; -i RE TLUP,

-7I0 -CR FH D" '-- -*3'1:lQR5=F6-+L:3/K: Cl F7S~(P :X I=R:.X2=-L-L%: D- -SUB 10-;'@ 
:E4 ~C:=~ iF PK.P5 TH-EN !EEIC3: ELSE Xi =RI; :x-2:--5-w- 1A'l Q FlM D("3 GC(SLIE 10r320: CR C: 

CG-G:-- P ~,R 'P*- C;:-): t4-193T0 18el 

10 0i H0 C FN ('3>L*~~(0*: FMH (T )-D44 ): '92=T93+('91 -'93)
 
10 C-E' TFR l-RIPt 'T">*L24-C-4C/ F- Et '9 -E4+FR.' 9 L*!~/FNC(Y -4>-F'.3*E
l 

)W1]=F"3* Fri P L1I*/0G- FN (>4:iH+2H:iJt 

P:S( 	 103-1-0ELSEEQ))IF ~-C9">.JuTHE 	 R:ETUIRN 

TABLE 	'--F HEIR'SELECTION1050 REM-

1~~REMi
 

Il 70 MAGE 3-75P 34. 3*#
 

.P~I~ PR INT- SPfl(29);INITIPL, CiND 171OWS-3PRIHT
 
I 13 rINT- USIG ;HCRTFJCE DEPTH*TM 0 AIHY PU (j
 

0i'-PPF111T I INGH1Cf3@;uBOTTY3Ti HID-tH',EB,"FLOH DOEPTH"A3H.
 
PPRIHT ISING - I ;PRIHT
1PjK0,mSIDE SCE SZ. .EOLm,
112-3 


$13$i IF ' ,-Z=2 THEN 11603 
I 1@ F'S=c23:N.POS=50. IlPUtffPr- - RET-'PHti'ohic
 

i1.- IF P->"T-EI- 1140-ELSE HOME
 
I160~ PRINT REECTIOlIU
S~C2h-E 

R( UIHG" 3-'. 3r; "LENGTH OF. SI1L 1TM L3; PRI'T LISIHG-I X,1 GA.3#..PINHT , 1 6A, 
..;HEIGHT O-F SILL" ,-: PRINT 

1iE F.RIHT U SiJBM lE--F--REEFLOH CHEQ-X, HEIR IN PJS -E": PRIHT 
1:0 PRKINT1 US-ING 10hUILRF70. FLOH DEP. CoCb-ri-ax m ,Y1;: PF:IT LSIG7,1EP3 

.7#""Qma L? this d*JePthu,t 
3~z' ':1 	 PI NT UtSIfG I -7n2t UFETP : 1'rDE T Q 

12~ PRI t4T USI H; 1@Th3O;nREQ. INC. IN HATER DEPTH".,j9*F4Yl
 
11*1 PRIN1T USING ';"IBEiEE H'?*lO -J*91
 

12~ IF QA- THEN 12-f7r
 



SIT. - this is apir,>x. a rmin. value f'or SILL HEI-HT--. if' rr. th
a ;j gher" 

12 PrTIT :'PC, 3 ..; "t.;a 1e .. h, ,ld be uL-_e-d " 
THE. HOT 


D FOR THIS COHDITION K ": GOTO 138
 
I.27 FPRINT: F . I--YI-',02Y1)-. PRI HT - NSC('1r-);EHIOUGH FREEEOfl 

12:98 P'RINT LSING Imr.''ACT_PL FFEE CIRE'..E-YS-YI 
12 RIR i 101 RE I RED F -"..- USIN6 JIREDW ,2*Y1. 
173C FR,:INT L. IN' I@7;"FME-EE.-lRD CIECK',E"A- -I-.- ' 
I 10 IF QRP2=2 TF,"1 PRIH-T:GTO 134J 
I.-_" PRIT4T , i tr_ a vaI.I:r of SILL HEICHT )":PRINT 

PPiNT:-:33 PRIHT I1iG1_. SI #S, . 41-._,q-"t sill it. - ",L3,"is 2.1 * flo 
W, :-c- _ i a - ,'rer- it.. _ be L-. .e 

134 F I ,-T U*ZI.-G 1 "Le .t DEPTH L is " .- 0 !iO; FLOH to as-jr_-J = -.. 
! 15 RETUiRN 

'"-R TrIT DEPTHI--DISCLH-RE TPI8LE SELECTION 

4 'R1FT Q11T Tl 1 

I -7 PRiHT:PRIHT T''Ll . .. .. FILL DESIGN TABLE" 
1 C P-N: R NT TPE,' I5; TABLE"- [EPTH,-IIS :HARRE

142 . T... 15';" .. 3E PTH TABLEPRIHT: PRIHT DISC-I .. C... "- ' T RI - " ' 
TP.E:' 1!5; I:, ONLY PRINT 'TRBLES14.'i PR IFI: F'R I fT 15) _T TO } 

14 kJPOS=2?.: HPO3S.-,.: INPUT"3.LE T _,rTION " ;fl 

15 P-....L(P):IF F<. OF, A>4 THEN 1441 
148 IF P-4 THIE FL64-1 

17 Ct4o P OTO1 C'1E; I ,:Co4 .,191i 
I- I "3- II I'"-

45I PRINT" IHPUT IS FOR TA-LES CHI_r-II.IPT SILL HEIGHT ARO SILL LENGTH": PR IN 
T: PRIHT 

U '-:- " ' "-o$ ! IF8.
I5r O,.--1: iNPUIT":'ILL HEIGHT "3' r-": '"_,- Y8J.L0 OR '-->5 THEN 1

i . i i'rrl H 

.~ _ P=1 HPI"SILL LENGTH ";L3$:L3=)f-lL('L3$):IF L3<.01 OR L3> THEN 15 

15C1 F'OS=I5: PRIIT"'AK'E TABLE SELECTION FROM FIEf-iJ" 
1540 .F-23: f? - !._ P-tr RE-MR TO ;$F : I f I PEES1- COHT.. 
i 5 i F0 A$--'-'"" 15419:a.SE 132,10IF THENr-l 
156 REH 

19 P8Rai PRI iT SUMr Y TPBLE SUB. 

, !:. 11SUEGI-." 22<-4

• : , E OF CANAL T..- ,3);"LOCTIOH ;LOC$:PRIHTHNE:,PRIN., ";CPNp;
!G. ,I_.SUE 1F:9A3: r0,z=: GOSl-fC;E: 2210: CLO'.-E 

1._ HPOS-5,:P.J.- ..'. INPITP'RESS RETUrN TO CONT. ;-$
 
SIF P"" " THE" 1 2r1: EL 101E06
 

i; REN FULL DESIGN TABLE 

!ST GUOSUB 2244D:FLGl=1:r- .- 1:FL'3-l:IF FLC-41-. THME PRINT CHR(,14):_O31Bi32e 
P'I NT CHR$, 15 

- a

http:15419:a.SE
http:INPUT"3.LE


PI-.;E 5 

q- ,-- YZ= 1 YL=Y 1 PL""FL-"[G2=2: FL_.OO: HE: 134.B 2I780 
100 2':+
!-_: LO=(-- ( INTf-( YI- I ",1'100 8-:" 

1J0i FOR ''1=. I TO LO S 'EP ..01 
.
I3flU 	 (Xr.-1JB E:40: IF C5 THEM PRINT: C:C= 

PRi 7 U'SIHG 17..;Y.,(, 
17.1 	 NEXT
 
i-4 CLOSE: CC=: YI ='l : 1-QL: PR I NT.PR I NT 

I fJH-,ir-3z.,NPT TO A$RETURN C1NT. 
1760 iF $<>" THE 1,-5:ELSE 100 

H3# 3:- #. 	#,... ;t. 

173-0 REN
 
17:30 ., OEPFH O ,ISCHiRGLETABLE 
1c00 REH 
1':310 OUB : FL 1=1:FL2=1:FLG73=1:IF FLG4=1 THEH PRINT CHR-$,(14)-60S _ 620 

:PRINT CHR$( 15) 
1_:20 >:"Z=2: 'YL-1: ;L=: FL=2): FPLGC]: HOME: 60 2870' 

= 	 .',1,--",30 L I-T( Y!*i .0/!0 +. 02 
Q4 FOR YI=.! TO L] STEP .01 
1I G-;LiUEB40: IF CC=5 THEN PR I NT: CC= 
I 

c_-50 


15130 	 PRINT USI #.,,#.A4;Y1,C'>C'C+l 

1::-' CLOSE: CC=: I=?YL: Q=O.L: PR INT: PR IHT 
IE:90 tFY_&..:23 :HF'C-5: INFtTU'FRESS. RET.UPN TO.CCONT. "*t$ 
I.-90 IF A<>" THEH 1: .:ELSE 100 
1910 REMH 
1:-I20 RE DI :CHARGE./DEPTH TPBLE 
1930 REI
 
1340 -GOSUB :-40:FLG1=i:FLGq2=1:FLI:.1,IP. FLG'4t-I THE PRINT CHR$(14):O.3JB 620 

:PR IU T CHR$' 1) 
1350_ '--. 1: QLQ: FLPI3 HONE: ID:B 20-0,FLG=2: YL-	 n: 

C!/=I =. 1___ ! ..1 IF THEN-FJ 1:EL.E 
1370 FOR f=ORS TO QL-H_3 STE QS 

.-r.3a F-.l: IF CC--_, THE-- P F: CC=0 
PRIT Ii-U 'f,"2T ' .. - T 

21- ED-- __ .. ! 
,• CLOSE: CFC=: G):YY1i'rL:-PR IHT: PRI HT 
._j~I I ~ I rS-_N rrESr_.-. FPJRN TO COWT. ';A$ 

203~ IEF A$<.""" T-EH - : E 3 

w950 REN PRINT HEtOIHI SUB. 

1CL.. REM 

2F7_ PRI T FL.IUE DIHENSIOHlL DATA (M) :":PRINT 
'I PRINT'' SILL LENGTH = ;L3:PRIHT" SILL HEIGHT = 

fl: PRINT SPC35);"B! Z1 .' 
1IO PRINT L_-SI G'..::,,2#.2#,-'.l,1IB3X 2 21 ,-,. 2- BE1,Z1,1B3,L2 
_I0 PRIHT: PRINT 

2120 
21P0 

ON .,--Z 
FRINT 

C0TO-21.30,2150,2160 
Y I YC FR. # IDEAL D ALF" 

2140 PRIT" -.3'S H AiPT Y Q COF vi 3'1 

e



PRINT ING 217Q;:RETURN 
2 1-i_ Q PRNT" MT-../S.": PRINT USING RETURNPRHT" Y[ !180: 


:;!8 i PRINT 7 ....
 

21 I. pIGE 17"-"
 
-!1 REM iOLUHN CALCULATIONS SUB.
 

22 IF T=1 UI-lENtYB21 + ... + ":.T'. .'2: -2 )/4: ELSE k)=,(( BI +B3 . (2."-3 

222 PRIHT:PRINT U-SII"3 ,3#.7 .33 "JVLLH ]F STUCTURE ",U,"t-13" 
22 P'R I HT: PR INT: RETURN
224i0 UPOS=23:iNT"Li-t to P:.inter or Corrole ? ";A$ 
..-.,i IF R$V"< Pm AMD .,Cm THEN 224E1 

229 IF $="P" T1I--! OPEiI,".SILETFrE":IJTPVr-#I 
227E1 RE-[M 

F:-t & FUNCTIONS229 O C'DNSTANTS
231313 REHd 

2•113.1-=: D2= :.3=2:04=3: _.=.-P1:O=._1Di.77:[ I.5:5:F2=.2-5F..l5: Ff- - A,_ I4 KIF7=1, :F _F: I14 . r F_.-4 :FE-, -- 35 .1=. 5:..2= . 544: ,r3 

: J4=4.82: .15=. l@-El : J6-5. 61: J7=-:J-=I/3: J.9=. 15
2,.32-) F E(X'.'.BI+Z1. FN T(X-,..B1+2.eZX:E EFFN NKX)=B3+2*Z11:Z DEFFM eX DEF .-.. I-DF CFl-q; E ',+ e 1 '. DF FN.' ",-P-lt+ 

F.... ...: .' E ,--,.-.,,-:....- (1+ZI*Z! ). 5:OEF Fit O( XY=B3+2*X 

2C33-- READ K: REjd Constant for a~-.olutj? rouhne-ss
23413 E'PTP .O'3125 

2 EA3 L 1: REH fr: y, Point. of Measurn to trans it ionREP-J Oi.stan,:e s.c 
27PR¢ nATA 1 

Q7FI REPD G: PE Constant for srait'e 
23 n PTA 9. S07 

23"4 REJQD I1:RM -orinst.ar,t for vi:_rcvit'
24C1 .El O P I.1 ! 0'..E-FA; 

24 10 RETjRH 

f
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