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Abstract.

New me_g_ 10. ropldccs the preeent earth _ggga which dellvers water below
,tho level of the adjacent lund, an alon of about 57 Teddars (24 ha)

is o rectangular channel 0.71 meters wide and-0.60 metors deop bun]t or

concrete hlocks. 'The concrete floor of the mgggg_lles on tho surface of
the left bank of thc old mesqa with but slight cut or f111 beneath 1t,*.

so it will have a uniform slope of 0.0001.

The water level in the new mesqa is high enough to permit gravity‘flow
to the marwas and thus eliminate the eight saqias which the old mesqa
required. The capacity of the new mesqa is 60 liters per second, a
flow sufficient to meet peak season water demand.” Water is supplled by

pumping from the Beni Magdul canal at the head of . the’ mesga..

The dcslgn startcd with a study of .the land e]evatlons to locate the

hlphost pOLnt

'Fhe depth of water on the luand, the head ]osses through a cut throat

flume and a pipe turnout were added to the land elevatlon to determlne
the required water level in the mesqa. Water. suface prof11es were cal-
culated by back water curve methods to establish the depths in the ; L
mesqa. A program for the HP 97 calculator was prepared;to determine thei‘

distribtuion of the total flow among several open turnouts,

75 péges, 5 Table, 12 Figures



ii

R ; R

,_,.c.- .&.,.)A.c GJJJA-“ u..,_,LS l_,.l....mJ\ uJLJJ—LB—G—” aL,ua." 6_,..»...1: .)-L‘k-a-.a L,S.J :
v___a.u.n ,_,_,..J| ul'.s oJl_,..-JI J)L-» u..t.uL,,_n ..\...c .uLLJ\ o.,,a.s.,"'u_,..«_n

i

'-‘L'—“" t"‘ '-‘-'J P1pe turnout ,f VGJIJ‘ 1"-‘-'.: Cut-throat flume

' 3.).3.&-4,;

MR dstazr s Rodere

(¢)



iii

“TABLE OF: CONTENTS

fAbstract (BngllshGArablc)
;Table of Contentq ,35
‘fost of: Tuh]es cieeed

fLth of anurcs .{..,:;3{;f

 AcknowJedgements e

‘Introductlon ......{..;.;.‘

The New Mesqa ....... :
Channel Design ...........

Turnout Design ...,..“};
Full Pipe Flow .......... :
‘Part Full Flow .I..;.....;{QfTiJ;"
Setting Elevation of the _EEEE1 ...f
The Pump Station ;..., . :

The Mesqga Crossing . i
The Mesqa Profile ..;{.;;,fE
'The Emergency Weir .;“5.*

Appendix A ,..if,;;;.}" *'»?........,k.,};;.,ﬁ,.;g;?

Appendix

B
Appendix C .... e e
Appendix D ..... voleie e

m
.

&
o]

Appendix



v

LIST OFTABLES

"Tablel Values of n to he uch wnth thc Mannlng

Table 2 A comparlson of'Capac1t1es o‘ P1pe urnouts

".f as Determlned by Varlous Researchers

‘TaPleﬁsg‘ﬁéiéaléﬁgdéon}bfffiiﬁg

Tabl‘e'; 4 EWater”sarféce Elevations in Mesqa .........

Table 5 Mesga 10 Flow Dlstr1but10n Through

TurnOUtS.,..‘-.'.}l'. ;'\'o;o'.o..o.tao.co...o\o .'..’



v
" LIST OF FIGURES:

Fig.

' The Area Served By esga 10 ...... Sievianlin

The esga \Gross Sectlon

Eb_i'pe"fhrﬁfihéuff n Ful/iifiﬁvi’ls,e' Flow |

‘Fié;'ll. The Mésga Crossing‘.ﬁ;:,.* S
Fig. 12 The Mesqa Prof11e....;;;;};;{{i i
Fig. 13.A. Water Surface Profile For Alv,Flo

(.06 M3 / S) Through Turnout at Statlon 500

Fig. 13.B. Water Surface Prof11e For A11 Flow ’ : . i
| (.06 M3 / S) Through Turnout At Stat1on 50 G290



i

'ACKNOWLEDGEMENTS -

'The authors wish to express their ‘thanks and apnrec1at1on for the‘
'contrlbutlons made to this paper by the staff of the Egypt WaterA
Use and Management Project, and to the field teams at Mansurlya,
Kafr El1-Sheikh and El-Minya. a

The Project is funded jointly by the Arab Republic of Egypt,‘and
by;theZUnited Statcs Agency for International Development. The

United States Agency for International Development in Egypt is under
the'directorship of Mr. Michael P. W, Stone. Mr. Robert Fulton is

the United States Agency for International Development Pro;ect 0ff1cer
for the Egypt Water Use and Management Pro;ect.

kThe Egypt Water Use and Management Pro;ect is implemented under the .

' ausplces of the M1n1stry of Irrigation's Water Management and Irrigation
Technologies Research Institute and in collaboration with both the
Ministry of Irrigation and the Ministry of Agriculture through the

Soil and Water Rescarch Institutc and the Agriculture Economics Institute,

which provide the Project with personncl and services.

The Consortium for International Development, with executive offices

in Tucson, Arizona, is the United States Agency for Internationai

DeVelopment contractor for the Project. American Project personnel

are drawn from the faculties of Colorado State University, the lead
American university taking part in the Project, Oregon State University,

| New Mexico State University, and Montana State University. The Project

Director is Dr. Hassan Wahby and the Project Technical Director is Dr.

Eugene Quenemoen. Dr. E. V. Richardson is the Campus Project Coordinator

at Colorado State University.



The Hydraullc De51gn of Mesqa 10,

f%;An Egypt1an Irr1gat10n Canal

By
W. 0. Ree, Mona El Kady, J. W. Wolfe,
' And Wadie Fahim Mankarlous

INTRODUCTION
This paber describes the design4of{é;réiéed}3prirete“irriﬁetieﬁféehéig;

(mesga), which replaces an existing, below grade, canell

The private irrigation canals receive water from the extensive network]
of government canals which in Egypt have a total iength of 30309 2. km.a The:
Ministry of Irrigation is responsibiie for the construction and maintenance
of the government canals and must maintain an adequate and clean cross sec-
tion in them. It also reviews and authorizes all outlets to the priviate
canals. The operation of the private canals is the responsibility of the
adjoining land owners who must maintain the canals and see that each farmer
receives his share of water depending on the area of land he owns. If the
farmers fail to clean the mesqa, then, according to Egyptian law, the goverr
ment has the right to clcan the canal and charge for the scrvice. Becausev
farmers fail to clean thc private irrigation canals these cleanings are. a
big problem for the irrigation authorities. Some of the factors in the

problem are:

1. The farmers in most case are not able to ma1nta1n the mesgaS'?“J
well as the governmsnt. As a result, farmers on the lower reaches may

suffer from a shortage of water.

2. Farmer organizations to provide an irrigation schedule which would
insure water at the proper time for each farmer and to maintain the mesgas
are lacking. Failure to provide water could provoke serious trouble because
farmers would fight desperately for water. Without it, they cannot survive.
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.3, The Egyptian irrigation system requires water-lifting devices for

each féfmef or a small group of’ farmers (pump, saqia, or tambour). Thus,

a number of lifting devices are relatively inefficient so far as energy

consumption is concerned when compared with one device for the entire mesqa.

4. The present private mesqas losce 13 to 20% of the water to scepagé

* and to spillage*,

These problem factors 1nd1cate the nature of de51rab1e 1mprovement

- which include reduced malntenance requ1rements, e11m1nat10n of the,iarlous

water-1ifting devices, reduction of seepage loss, and’ better control and‘

scheduling of water to avoid spillage losses,

The Egypt Water Use and Management Project (EWUP) is worklng to 1mprove
on-farm water management. It seeks alternatives for better water controlf
and delivery systems within the limits. of reasonable economic feasibility.
In the case of mesqa 10, an open conduit was chosen for the new canal. An
economic study of the proposed new mesya states "the interpretation of the
evaluation results for mesqa 10 shows also that the raised mesqa is going
to provide the proper quantity of water to the farm level to permit more
efficient on-farm irrigation", (a) Onc rcason for the choice is that the
~ open conduit would be more acceptable to the farmers of the area. (Beiné"

able to see the water gives the farmer more trust).

) ,,The procedures used in the hydraulic design of the new canal can be
kused in the design of other similar canals. Thus, the authors felt thdt

a description of the procedures uscd in the design of mesqa 10 would be of

value to others who are confronted with similar needs. So they have

assembled in this paper descriptive material and computations in sufficient

detail to serve as a working tool for private irrigation canal design.

- e - - -

* Farouk Shaheen and M., Saif; Egyptian Canals Face Problems. Egypt Water
Use and Management Project, Ministry of Irrigation, Government of Egypt,
Cairo, ARE.

(a)Farouk Abdel Al, Gamal Ayad, and Gamal Fawzi; Pre~feasibility Study -
Economic Evlatuion of Elevating Mesqa 10 at Beni Magdul. Papaer No. 2.
Staff Paper, Egypt Water Use and Management Project, Ministry of
Irrigation, Government of Egypt, Cairo, ARE,



v The paper beglns w1th a descrlptlon of the area served by the mgggg,
1ts size and water requlrement The design of the various' components of
the water control and de11very system to meet the water requirement is
descr1bed. Finally, an analysis of various operating modes for the m mesqa
is presented. Computer programs developed durlng the de51gﬂ are placed

in the Appendix.

DESCRIPTION OF THE PRESENT MESQA

Mesqa 10 is a typical Lgyptian unlined, carth mosqga. It is fed by”’
Beni Magdul Canal and serves an area of 57 feddans (24ha) Qith‘ZS’fieiesh,
on the right hand side and 24 fields on the left. It is about 600 meters
long and terminates at the Nahia Drain. There are two sharp turné, about
90 degrees each, in the mesqa. Eight saqias pump from the mesqa into the
field ditches. Figure 1 is a map of the mesqa and area served. The mesqa
is the next to last on the left hand side of the Beni Magdul Canal. At
times the water level is too low in the Beni Magdul Canal to prOV1dekthe
head for the required flow for mesqa 10. A well and pump at the downstream
end of mesqa 10 thenbsupply the needs of the area in the vicinity‘of the
pump. Occasionally water is pumped from the nearby Nahia Drain to make up- -
the deficit. llowever, the well water and especially the draln water contalns
morce salt than the canal water does. The new mesqa will e11m1nate the need

to use these lower quality waters.

WATER REQUIREMENT

The water requ1rement for the area was determlned to be 60 11ters per

second (0.06 M /S) It was calculated as follows.

Q- Ad
~100 E H 3600

where:Q = Supply rate in M3/5
A = Area irrigation, M2
E = Application efficiency
H = Hours irrtgated pcr day
d = Consumptive use for peak day, cm

Substltutlng 57x 4200 for A, 1 for d, .65 for E, and 16 for H y1e1ds
Q= 0.06 M/s.
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Th1s rate will supply the peak darly requirement if water is app11ed for
16 hours. S1nce water 1s cont1nuously available this was thought to be:a

rea11st1c approach to estab11sh1ng the discharge capacity for the mesga.

THE NEW MESQA
Theﬁdecisions*uhichiset the conditions for”the‘hydraulic”dés£§n7weréi:
I. The neuyﬁésqa‘ﬁoula\he»concrete or masgnr§7&hgﬁﬁ¢1;

2. It would para11e1 the old mesqa and be as. close to 1t as poss1b1eﬂ

to keep encroachment on the adJacent fields to a m1n1mum.

'3, It would be set at .an elevation which would permit grarity;irriga;{”

tion to all parts of the area but no higher than necessary.
4, It would be supplied by pumping from the Beni Magdﬁll canai;
5.}‘Theiturnouts‘WOuidfbe,atrthevpresent sagia“locations;:

6, Each turnout would be capable of de11ver1ng the full flow of
0. 06 M /S.

7% 'The flow would be measured at-each turnout.
. : T . e Sl : S e T

8. The auxiliary pump at the 1bwer{¢ndt§§;1d5sép§1iaiha;§&?; fff«

These conditions also led to farmer acceptance of the new . mesga.
Bspec1a11y helpful was the assurance that water would be available at the
ta11 end. Thus, the farmers were w1111ng to g1ve the land for the new
mesga without being paid for it. Also,_thevfarmers will establish an
organization to schedule the irrigation along the mesqa and to enforce

‘good water management.

CHANNEL DESIGN

Early in the desxgn process, var1ous cross. sectlons for the channel

ik

were 1nvestlgated with the obJecL be1ng to f1nd the most pract1ca1 sect1on.
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Some of the considerations in.this investigation were:

1. 'Precast sections, or built in place.
N2{f Shape' semi-circular, trapezoxdal or rectangular.

~3. Material: concrete brick, or concrete block

The appeals of a precast section were.certainty of maintaining the
design cross section and speed of construction. Disadvantages appeared
to be the weight of the section required and the uncertainty of delivery

date or even availability.

The decision was to build the mesqa in place with a concrete floor
and with concrete block sides as shown in Figure 2. This was the best
choice for this installation. The other possibilities are mentioned to
remind designers to weigh the choice of section very carefully. Avall-

ability of material and construction conditions will probably govern.

The concrete blocks are 20 cm high.ThIoe'lﬂocke would provide a
channel with a total depth of 0.6 meters. Several trial calcu]atlons ﬁere:
made to select a slope and width for the channel. But first 1; was’ necesfl
sary to select a roughness factor for the channel. Kings Handbook*ﬂll

pages 7-22 suggests the following values:

Table 1. Values of n to be used with'theaMepﬁingiEquetion

' Surface : “Best .

Brick in cement mortar de.d]éiv‘

Neat cement surfaces . O;O]Qf

Cement mortar surfaces - 0.011 -
Concrete~lined channels 0,0]21?(ﬁf*'”:' 5

* Values commonly used in design.

After a study of the Manning n values and a cons1derat1on of;;he needf
to prov1de for eddy losses caused by minor changes in channel a11nement

=0, 0]7 was chosen as an appropriate conservative value.

* Handbook of Hydraulics, Ernest F. Brater and Horace!hlhums King, Sixth
Edition, McGraw-Hill Book Co., 1976.
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| Thé'fmaﬁﬁiﬁg -T'Equatio"r} iss -

Q A R2/3 i

4."

where Q = Flow rate, M /S

0
Cross seetlonal area, M,

Ar.'
R = Hydrau11e rad1us, M, Calculated as A/P where P 1s wetted perlmeter, M
= Slope :

s

The Mannlng Equatlon is most readlly solved by programmable ealeulators

-using available programs., In thls de31gn a Hewlett-Packard odel 97 Caleulator

was used w1th a program wr1tten by Thomas E. Croley,’ II* The program nd
use are described in the Append1x. Suffice it to 11st here the hydraullc

characteristics of the selected cross section.

Q = 0.06 M°/s

8= 0001.,-;;:;

wfso71M |

;=dff 0 43 M (normal flow depth)
n 0017

Generally, ‘the slope of a mesqa is the land slope.in the direction of ~
flow. If this slope is too steep regulators are placed along the mesga.
However, in the case of m mesqa |0 the land was nearly level. So both slope
and cross section were considered Logether to find an economlc cross sectlon.

At the same time cut or £ill under the mesga floor were kept to a minimum. Q

With the selection of the slze and slope of the m esQa accompllshed the

next step was to establish its’ elevatlon.,vThls started with a study of the

~field elevations and the turnout‘des;gn,

TURNOUT DESIGN

The turnouts are stralght plpes of 1engths to su1t the var1ous 1ocat10ns.‘

They are provided with a sllde gate wh1ch w111 be either fully opened or fullyfv

* Croley, Thomas E., II, Hydrologic and Hydraulic Computations on»Small‘
Programmable Calculators, Iowa Institute of Hydraulic Research, the -
University of Iowa, Iowa City, Iowa.
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closed. Since it is possible that a turnout ‘would flow full with- the ex1t

submerged, or with free fall, head-dlscharge relationships were developed

for each flow mode.

Full Pipe Flow

[3

When the ex1t 1s submerged the turnout w111 flow full w1th the d1f-if;

ferentlal head Hp, governlng the flow rate. Thls flow condltlon 13 shown

in. Flgure 3._

~ The equation’for5the;heed-diseherge feiationﬁiA{‘

C el
A SR (D

Wthe'-’d = Diameter of pipe’ M u ‘.
£
L

'Ke= Entrance loss coefficient

Darcy-Welsbach frlctlon factor

(I .

Length of pipe, M

= Velocity in pipe, M/S
g = Acceleration of gravity, 9.8] M[S2

. The "one" within the parentheses is for theerlooityihegdgfnfthefgfsej

which is considered lost at the exit,

The Darcy-Welsbach friction factor. is a functlon of the Reynold's number
of the flow and the relative roughness of the p1pe. This relatlonshlp 1s
usually portrayed graphically. An example is given in Fig. 6-4, Klng% i
Handbook*. Since the friction factor depends upon the velocity of the flow,‘
the very quantity being sought, a trial and error type solution is requlred
This approach is justifiable for long pipes where friction ‘loss 18 the maJor
loss component, but for short pipes like turnouts where friction loss is but
a small part of the total loss a single value for f is satisfactory. Also,
in the fully turbulent flow range f becomes constant being a function of .
relative roughness only. For concrete pipe with woodrfloated or brushed
surface in good condition and with good joints,Kings Handbook. (pages 6-12)
gives roughness heights from .00037 M to .00018 M. For the mean of these
two values, .00027, the relative roughness of good concrete pipe will range

from 0.0018 for 15 cm diameter pipe to .0009 for 30 cm diameter pipe,

* Previously,citedf
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FIGURE: 3. Pipe ‘Turnout_in Full Pipe Flow
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s

Figure 6-4 in King's Handbook shows the f values for these p1pe 51zes ‘to range
from 0.023 to 0.019. A value 0£.0,020 was selected for' the turnout design as

being representative of the pipe sizes most used.

The: entrance loss coeff1c1ent K e was aSSumed to be 0 5, a typ1ca1 value

for flush, square edge 1n1ets.

_;.;5":_.,!;: P . »,

Subst1tut1ng the valuesvfor £ and K 1nto equatlon (l) and solv1ngﬁfor

veloc1ty y1e1ds'“n”

Lo e

The equation for discharge is obtained by multipIYingJequatidntﬁi)ﬁﬁ§f
the cross sectional area of the pipe. The equation is:.
} 2

3.4 H D 3)

Q= - >
L ;
(.02‘(1-+¥l'05)

where Q = Discharge{7M3/Sf'

The equation.for_headhloss“is?t

. g_( zﬁHS) )
P oot 2.1 8

The solution for equation (3) is shown in Figure 4,vnith”discharge
expressed in liters per second. The HP-97 program for the solution is in

the Appendix.

The discharge values calculated by equation (3) were compared with
values obtained in experiments by others., A paper by El Darwish and Nadar*
contains a table showing results of experiments by Depuis, Hindmarch and
Butcher. The table is reproduced here together with an added column showing
values calculated by equation (3). The agreement with the work of Butcher
is very good and lends confidence in the choice of f and K, values in the

original derivation.

* El Darwish, A.A. and Nadar, M. Kotb; New De31gn for Falr Irrlgatlon Water<
Distribution by Field Outlets.
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fTahie?é: A Comparlson of Capac1t1es of P1pe;

Turnouts as Determlned by Varlous ?

Researchers

Diameter
of pipe

‘ms

:ibischafge-nBZ sec. under 0.25 m f?'x” Capaclty
D head : . calculated
: ' - with Eq. 3%

"lEDebuis, Hindmarch Butcher

o 10
0. 15'

0.20

0.25
0.30
0.40
0.50
0.60
0.70°
0.80°
0.90

100

] 0020 | o.025 0.024 | 0,023

0.006 | 0.009 n.009 £ 0.009

f'fo.ogo;ff-' 0.047 0.048- | 0.044
10.060 |~ 0.082 0.078 [ o072 |
0100 | -- o6 | ou0s |
080 - b ol | o
of 0290 L e f g3 | 0.316

0 440f'f:',';;;;7;;j‘_ S 0498 | 0.463

| o 6l0 |+ fem T 0,685) . 0.638
oo o sl oier | olmr
|voso. ) — L s [ e |
1.290 ‘{§=*7?;4??jfgff‘7?11;414',faiéa"*,f,1.;35’7fj];;

* Length, 2, =10 netete‘

Part Full

Flow

With a raised mesqa and without a flume or other obstructlon belowfthe;

outlet as would be the usual case for an elevated mesqa the. flow would:be/“‘

free. Thus for a relatively small head, the flow at outlet w111 be at

critical

For

depth as shown in Figure 5.

a short length of pipe with small change in depth vséaﬁdive

are approx1mate1y equal and:

where V

Nel

h

o

V 2

D +hf+12'—2E’ ) (5)

= Veloclty of flow 1n p1pe at entrance

Veloclty of flow in pipe at. ex1t (veloclty at cr1t1ca1 depth)
Head above invert at outlet entrance

=’ Fr1ct10n head loss

Critical depth



]4

hw

“FIGURE 5. Pipe Turnout with-Free Out Fall
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} A program for the Ld](uldtxon of Q and h is in Appendlx c.
The calculatxon of Q requires the use of tablc 8-10 from Klng s Handbook ,
A word of caution is given here. This table is for English units, and
rhshould be used directly only with English units. However, 1n the program'
provxded the appropriatc conversions arc bu11t in to prcht the use of

bthe' ahlo.,

‘ulhe deiermlnutlon of the h h-'Q?rclatioh was done as follows:
.l;ﬁtheclect Dc' S
2. Calculate Q = K! ds/sze»

where K' valueq are from Table 8 10

Klng s Handbook

?
occ Appendlx C table 8 -flO‘T

3. Caiéix_late ,yc = ._Q_

A
: RC

' The value of the CTOoSS. sectlonal area, A o correspondlng to D
alculated from the churacterlsltlcs of a segment of a circle. ThlS cal—g
LU]O(IO" is lncorporated lnto thc program for computing Q dnd h . The pro-

grum 1s 1ne1udcd xn the Appendjx
4. »Calculated h Sf
¢For a sma11 change in depth Sg =8,
_Where Sf 1s the frlctlon slope
8, is the hydrau11c slope cqrreSpondihgﬁte Vc
. . 2 o - . LA K b
gre Le ™
Sg 373 ( The annlng ‘quqt}eh?
This step is in.the aforementioned ptoérem{u
5. Calcdlate h, 4

This step is also included in the program,

For the analysis of the turncuts in mesqa 10, a simple power functlon
telatlon between Q and hw was used, This relationship was determined by
calculating pairs of values of Q and hw for a Dc range from 0.05 to 0!19.
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: meters. ‘These pairs were uacd 1n the standard pack curve f1tt1ng program

to y1e1d the cquat:onb

é i

h, = 1.14 Qo8 -

| _;Rz 9956
‘and S

q- 74 h z 1120, "(GJ_

e

o These equatlons are. for a p1pe 30 cm dlameter, 5 meter length and a

y,Mannlng n of 0.012 only.

'SETTING ELEVATION OF THE MESQA

The water level in the mesqa needs to be high;ehough to supply water
to the highest point in field being irrigated. The depth and cross sectional
area of the flow in the mesqa need to provide for efficient conveyanEe of the
flow to the turnouts. The determination of the required water level in the

mesqa involved a series of steps each of which is discussed in turn.

Determine the elevation of the highest point in the field to be supplied
by the turnout. Add to this elevation the depth of water needed at the head
of the field or furrow to produce a satisfactory flow rate over the field or
in the furrow. Then add the head loss through a measuring device, if any,
and the head loss through the turnout to obtain the elevation of the required

water level in the mesqa. The flow system is illustrated in Figure 6.

The floor of the mesqa should be set so a satisfactory depth of flow is
provided. Another consideration in setting the floor elevation of the mesga B

is to avoid having to place fill beneath it.

The largest head requirement in the flow system is probably the depth
of water, Y, above the ground clevation. So its determination should be
based on carcful study. The Soil Conservation Service National Engineering
llandbook* provides good guidance for this determination. In the case of

- s e - e - . Te = m Gm = me e am A we e e =

* SCS National Lnginecering llandbook, Section 15, Irrigation, Chapter 4
Border Irrigation, Soil Conservatlon Service, United States Department
of Agriculturc, Washington, D. C., August 1974,
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meeqa 10 water is supplied by a pump so there is no physical constraint upon
the depth selected. However, energy conservation dictates that care still be
exorcised in detetmining the depth., A depth of 0.18 was chosen for mesqa 10,

a rather congcrvative value,

Flow measurcment is needed at each turnout of mesqa 10. A cutthroat
flume was sclected for this purpose, but it is possible that a change to ;
another type of measuring device may be made. NeVerthelessvthe procedure for
installing the cutthroat will he described because this offefé,é déscriﬁtidhi.

of the principles involved.

The loss through the cutthroat flume is the‘difﬁerence between h_ and

h

b’ Calculate ha for free fall using the metric éqtation developed by Helal¥,

- 3.0) 1.025 L o

Q= (3.281) 1025 * 1, .

I ,
length, Solved for the 0.9 meter long flume they yield: -

Helal also provides equations for K, and n, as fun@qibné of the flume :

K =2.962+ Lt ug 960 LIBB L5y @)
b m Lt s Q405 g 005 gy T gy

whare L = Flume length, meters

The equation for transition submergence at the“éﬁﬁﬁﬁé}ﬁfb@?ﬁ}éé{fiéﬁ“’“

to submerged flow is:

§ m 485 + 1887 L -~ .0269 1.2 + 20102 Loy
t 2 - .
h
wharo 8§ ® =
t hn

For the 0.9 M long Elume 5, = 0.65, the ratiQ.Of:hbftO‘ﬁ#-

% Helal, M.; Cutthroat Flume Metric Equations, EWUP Staff Paper #6,
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Substituting K, and n; in the free flov equation with w = 0.2 yields:

(J—-”a) I, 868 = , ,48 Q.535 o

} For Q = 0 06 M /S h f'.255 metcrs'rwfor free flow hb .255 x .65 =lkﬁ56f
meters or;less. ‘The flume ‘head. loss is. therefore 0 255 =.0. 166 = 0 089 >
meters. The bottom of the flume should be set at Gr. Elev. + 0 30 = hf. :
Gr. Elev +0.134.

‘ The head loss through the entrance/bon uas‘assumed to be equal to the
velocity head at the h measuring point plus 0.02 meters for turbulence and
screen loss in the entrance box. The width of the flume at the h measurlng(
point is equal to 0.20 +( < )G*J( 30)= 0.333 M. For a depth of 0. 255 M the
cross section area is 0,85 M“. For a flow of 0.06 M3/S the velocity head
then is 0.025 M. Thus, hlb = 0,025 + ,02 = 0.045 M,

Head loss through the turnout p1pe is. calculated w1th equatlon (4)
For a length of 2 meters and a dlameter of 0 3 M the head loss 1s 0 06 M for;:
a discharge of 0.06 M /S.

The required elevation of the water»surface“in;thehmesgafis}d

MWS = Ground Elcvatlon (high point in f1eld)

,;+ depth on field Y, - -0 18
+ head loss in flume, 0.089
+ head loss in entrance box, OQQQSi

+ head loss through turnout pipe 006

MWS = Ground Elevation + 0.374 R l*f?j-‘

The highest ground elevation, 16. 65, was at the sagla farthest downstream
(see Figure 7). It was evident, therefore, that thls polnt controlled the
g c
mesqa water surface elevation and it was not necessary to examlne the other

saqia locations for control possibilities.,

16.65 + 0.37 = 17,02
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FIGURE 7.

Ground Elevations in The Vicinity of Mesqa:10.



“The next 'step was to establish the bottom elevation of the mssqa.

, The
factors 1nvolved were. ¢

1. .

The floor e1evat10n of the esga at statlon 500 was set at 16 62 anh'

’e1evat1on which met the previously stated requlrements. The floor slope.

0 0001 places the floor elevation at the upper end of the mesga at e1evat1on
16 67.

THE'PUMP‘STATION :

1ft;iThe'pump,statiou_plappisfshouhfohnFigure879 and 10,

One of the features of the pump1ng arrangements is the use of the mesga
as a storage reserv01r. L1m1t switches are operated by the water surface;
elevation in the mesqa. If the withdrawal rate from the mesqa is less than
the pumping rate, the water level will rise in the mesGa. When it reaches
a predetermined maximum level, pumping will be stopped. Then the water level
will fall until it reaches a lower limit. Thisxoperating arrangement elim-
inates water waste and saves energy.ﬁ Thehcyciing times are estimated in the

following calculation:

Assume surges in mesga are damped out

Assume pump discharge = 0. 080 M /S("

Assume pump shuts off at a waterldepth 1n the esga of 50 cm.

(The emergency sp111way e1evat1’n)



oo of Wall
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FIGURE 8. .Mesqa Cross-section at Station 500
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Assume esga is 0.7l m W1de and 600 m long.

Assume turn on depths of 35 and 40 cm.

mesqa mesya
length x width (off depth - on depth)

(0.080 -~ use rate)60

On Time (min) =

mesya mesya B
length x width (off depth - on depth)

Oft Time (min) =
- use rate x 60

‘The calculated on-off times are given°ih”ghé~félioﬁiggnféﬁiéf'
’ Table 3.

o _Turn on switch set at

Water Use Y

Rate by 4o_qm' . . L 35 em —
Farmers On 7 Off. 1 -  On COff o

/s

The cyc11ng times are not short and "hunting" or 'frequent change will

not be a problem.

~One of the disadvantages of the fluctuating water level in the‘ggglg is
the changing head on the turnouts. As the water level approaches the lower
limit the flow rate through the turnouts will decrease. For example, a 30 cm
turnout at a differential head of 0.06 m will discharge O. 06 M /S. Reduce.
the head to 0.03 m and the flow rate will drop to 0.043 M /S and the off
times may become unduly long. The problem can be reduced by raising the
lower limit switch. It is expected that some trials will be needed to findJ
the appropriate setting for the limit switches. Despite some problems.witﬁ
unsteady flow, the system, as designed, is favored for its energy saving

characteristics,
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THE MESQA CROSSING

A crossing over the'gggiguis required for movement of farm‘eqdipﬁent;
The practical solution is a culvert placed in 'the mesqa as shown in
Figure 11. The head loss caused by the culvert was estimated for full
flow to be 0.019 m for a flow of 0.06 M /S. This head loss increases
the head'on the turnouts upstream from the culvert and increases the flow:
through them at the expense of the downstream turnouts. This becomes of
importance only when turnouts are open above and below the culvert. This

will be discussed further in the section on Water Surface Profiles.

THE MESQA PROFILE

The profile of the mesga is shown in Flgure 12, The station values
are approximate but close. The actual values w111 depend upon the locatlons

for the turnouts and the crosslng as. determ1ned 1n the f1eld.

The invert elevations of turnouts l 2 & 3 are 10 cm above the floor
of the mesqa and the elevations of® turnouts 4 through 8 are 5 cm above the
floor. The difference provides a more. unlform flow distribution as described

in the section on multiple turnout operatlon.

Water surface profiles are shown in Flgure 13a for all flow ( 06 M /S)
through the turnout farthest downstream (statlon 500) and in Flgure l3b for
all flow through the uppermost turnout (Statlon 50). Since the head on the
turnout requires a depth in the geggg_greater than normal depth backwater
curve calculations were needed to determ}ne the profile. The calculator

program is described in Appendix D.

The elevation at the two ends are shown in the following table:

Tahle 4.  Water Surface Elevations in Mesga »
Flow through Flow through
turnout 50 turnout 500
Ssta 0| 17140 17189
Sta 600 17140 17140
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The water surface clevation of the downstream end of the mesqa is the
same (17.140) for both flow cases. This is not ﬂecessarily ture for all
mesqas. It is possible that the head on thc uppermoct turnout could cause
the highest clevation at the downstre cam end. So this possibility must be

investigated when establishing the clevation of the crest of the tail escape

weir.

THE EMERGENCY WEIR

An emergency over flow weir was proVided in the mesqa wall atlthe"
:upper end of the mesqa. This weir was de51gned on the assumptions that .
the pumped inflow rate would be 0108 M /S all turnout gates were closed
and the upper limit switch on the mesqa level failed to shut off the pump

The weir crest was sct 0.5 meters above the mesqa floor, or elevaziéﬁi
17.17. This allows a depth of notch of 0.1 meter. A crest Z;meters long’
requires a head oF 0.08 mctcr to pass the flow. The free board of 2 cm’ 1s
satisfactory for a short time, eme1gcncy cond1t10n because the pump operator'

would be available to take corroctlvc actlon

FLOW DISTRIBUTION FOR MULTIPLE TURNOUT OPERATION

The mesqa was designed on the assumption that all flow would be diverted
through one turnout at a time. This is probably unlikely but it defines the
upper limit for systom capability and is the basis for conservative desgin.
Recognizing that in all probability more than one turnout would be open at
one time, a limited study was made of flow distribution for various settings.
There arc 255 combinationsof turnout openings from one at a time to all 8 at
one time. It was decided not to invest the effort to-study all of these.
Instead 22 were selected for calculation. The combinations and reéﬁits(éré

shown in Table 5.

When this calculation was first attempted all turnout inverts were set
5 cm above the mesqa floor. It was found then that whén turnouts were open
both above and below the culvert (between turnout 3 and 4) that those up-
stream would have a larger discharge than those downstreém of the culvert.
So the first 3 turnouts werc raised to place their inverts 10 cm above the

mesqa floor. This is the condition represented by the table,
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es§a 10 - Flow Dlstrlbutlon Through Turnouts.
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and 3 set 0 10 meters above mesqa floor.
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Some explanation of the results may be needgd;ilFot‘éxample when all
turnouts are open turnout 8 has a flow of 7.4 litres per second while turn-
out 6,123 meters upstfeam, has a flow of only 6.3. This seems wrong to
those who have had considerable expefience with other distribution systems
wherein they usually found the smallest flow at the last outlet. However,
in this case with a relatively smooth channel, friction loss is less than
the rise of the channel bottom thereby causing a smallernhead on the turnout.
With discharge varying as the 2.113 power of the head_étsmall‘change in head
can have considerable impact.\ Thus, the galculated distributions seem

reasonable. The program for this_calculation;ié given in Appendix E.
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- APPENDIX A-
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HP- 97 Program
Hydrau]1cs of a rectangu]ar channel
,w, channel width, meters, store B

n o 'Manning,nv

;S N s1ope ' gtoké”of

Input depth meters press A output D1scharge M /S
Input discharge, M /S, press B, output Depth M

Input depth (meters) press C, output Area, M2 s
Enter discharge,- Input depth press D, output S1ope

001  *LBLB 2112 . 042 4
002 ENT+ o <210 Y 043 X
003 | 007 044  RCLI
004 x?vv. -»;«»-41 045 X
005  RCLC:  36.13° 046  GTO5
006 RCLB- . 36312 047 *LBLC
007 X' <35 " 048  RCLB
008  RCLD  '36.14:°° 049 X
009 X ..58° " 050 RTN
010 X -?a¢v;L;735--. 051  *LBLA
011 v w28 052  ENT+
012 .o le2 053  GSBC
013 6 706 054  STOI
014 Y* 31 . 055 X2y
015 STOl 3546 - 05 2
016  *LBL5 . - 21 05° 057 X
017 - 7, =45 - © (058  RCLB .
018  LSTX . 1663~ 059 +

019 P S 060 R
020 _ 061 - 2 .
021 ©. 062  ENT4+
022 - 063 3
023 - 064 s o
024 065 R AN
025 . =22 . 066 RCLI "~
026 Xy -4 067 RCLC ~
027 X<Y? 16-35 068 X
028 SF2 162102 069 X
029 R+ -31 - 070 F2?
030 R+ =31 071 RN
031 F2? 16 2302 072 RCLD
032 RTN 24 073 /X
033 ENT4 - =210 074 X
034 ENT4 =210 075 RTN
035 2 .02 . 076 *LBLD
036 X .35 o077 SF2
037 RCLB . * 3672 = 078  GSBA
038 + o Tlgs. 079 s
039 RCLB " 3612 080 e
040 <7 lgp i 081 ¢ RIN -
041 e g2 . 082 R/S .o
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Qutlet for Mesqa - Head on Pipe

. Will range from 20 to,20
- WiTh be approcinately .02

v/m“

. 1D k

e e A
N R TR

* ’(f

348 n 202 ;

(.02 [’§+15)V2

,iSee P]ot of ho vs. Q w1th DZz as
Vparameters .

]/2 Q ( 02 & 4. 5)”2

% (.02 4+ +1.5)
by = 4
! A D" 12.11

‘To*Ogerate
~Input diameter, D, meters
Press A LR

Input length, L, meters
Press B o :

Input head ho’ meters
‘Press C

Qutput '
0
L

o

' Q, discharge; M 3/s

005
006
007

008

009

01
002 .
| 003
| 004

010

011

| 012

013

014

015

016

017
018
019
020
021
022
023
024
025
026

027

028
029
030
031
032
033
034
035

036

037
038
039.

040
041

| *R/s"

21
.
21

35
16

21

35 .

36"

1036
<28
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Mésga IOt

“Part full Flow in a ﬁipe tunrout, level bottom. ‘
Flow at outlet will be-at critical depth for free fall.

W VL W WEL W WA, T, Tk, W W W S W U D W WA W W, ¥

: —

. . W WA W W . W, W W W, W W, A, . WA, A W W W
']

0.05m
v 2
= .__L
hy = D + he +1.2 5

°

1 - select D, -
N !
2 - calculate Q = K| d5/2 L
K. values from table 8-10, King's Handbook, 6th Edition
lable 810, Tor Determining the Discharge Q of a Cir;ularv'
Channel Plowing Parl Tull When Flow Is al Critical Depth

0
depth of water (5 1
Let dﬁ'nie%e'ﬁ'f’“ch‘a’n?e‘l' E g and let Ké = tabulated value

Then Q = k! d%/2.

% | .oo| .ot .02 .03| .08 .05] .06! .07 .08] .00

x
0.0 .0006| 0025 | 0085 .0098| .0153| .0220] .0298| .03e0] 0491
0.1 | .0605] 0731 .o868| .1016| .1176| .1347) [1530| .1724! 1928 2144
0.2 | .237| .2609| .2657| .3116| .3386 | .3666| .3957| .4259| .4571| .4893
0,31 .523 | .557 | .502 | .620 | 666 | .708 | .743 | .784 | .825 | .g67
0.4 | .910 | J955 |1.000 [i.046 |1.093 11141 |1.190 {1240 {10291 [1]343
0.5 [1.396 |1.449 }1.500 [1.560 [1.616 {1.674 {1.733 [1.792 |1.853 |1.915
0.6 {1.977 |2.041 [2.106 (2.172 [2.239 [2.307 |2.376 |2.446 |2.518 |2.59]
0.7 |2.666 |2.741 |2.619 [2.698 (2.978 |3.081 |3.145 |3.231 {3.320 |3.41)
0.8 |3.505 |3.602 |3.702 [3.806 {3.914 [4.028 |4.147 [4.272 |4.206 |7.549
0.9 {4.70 |a.87 [5.06 [5.27 (5.52 [5.81 |6.18 |6.67 |7.41 |8.83

3 - calculate hf = LSf
for small change in depth Sf =S

also, vp = vc

4 - Program for HP-97 provides solution for h,,-

ik
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SHP 97»Program

Flow at critical depth at exit of ‘a: segment of circle solve for: Q, ‘head
on pipe turnout, length L

Enter d - Press A ' Press E

Enter D, - Press B o at ha1t key L
At halt enter K, R/S - answer h'
Press C - calc Area - [for n -70 012]5

Press D - calc Hyd Rdd

001 *LBLA 2111 | 084 s .24 087 s+ 24130 1 01

002 PRTX  -14 | 045 STO5 3505 | 088 PRTX  -14 |13] . 62
003 STO1 3501 | 046 RCLT 36 01 | 089 STOO 35 00 |132 2 02
004  RTN 24 | 047 2 02 | 090 SPC 16-11 [133 X =35
005 *LBLB 2112 | 048 = .24 | 091  CLX -51 {134 + . -5§

006 PRTX -14 | 049 STO6 3506 | 092 RTN 24 |135 PTRX -1
007 STO2 3502 | 050 RCL2 3602 | 093 *LBLE 21 15 (136  pis 16-51

008 SPC 16-11 | 051 - -45 | 094 RCL4 36 04 {137  SPC 16-11
009 RCL1 36 01 | 052 RCL6 36 06 | 095 RCL9 36 09 {138  RIN . 24
010 -24 | 053  : -24 | 096 t o -~241139 RS 5]

o &S 5 054 c0S~' 16 42 | 097  PZS 16-51
012 STO3 3503 | 055 STO7 3507 | 098 srog 35 00
X

013 RCL1 36 01 056 RCL5 36 05 | 099 53
014 3 03 | 057 x -35 | 100 1 01
015 . -62 | 058 STO8 3508 | 101 9 09 |
016 2 02 | 059 RCL1 36 01 | 102 . =62
017 8 08 | 060 RCL2 36 02 | 103 6 . 06
018 1 01 061 - -45 | 104 3 03
019 X -35 | 062 RCL2 3602 | 105 .+ 24,
020 2 02 | 063 -35 | 106 STO1 35 01
021 - =62 | 064 VX 54 | 107 RCLO 36 00
022 5 05 | 065 RCL6 36 06 | 108 e 62|
023 yX 31 066 RCL2 36 02 | 109 0 00}
024 RCL3 3603 | 067 - . -45 | 110 1 01
025 X -35 | 068 x =35 [ 1M 2 02|
026 3 03 | 069 RCL8 3608 | 112 x <351
027 5 05 | 070 X2y  -41 113 PLS 16-51.
028 . =62 | 071 - -45 | 114 RCLB 36 00
029 3 03 | 072 sST09 3509 | 115 e 62
1

030 01 | 073 PRTX -14 | 116 6 06|
031 s -24 | 074 RTN 24 | M7 6 06 |
032 PRTX  -14 | 075 *.BLD 2114 | 118 6 06
033 STO4 3504 | 076 RCL1 36 01 | 119 7 07|
034  sPc 16-11 077  Pi 16-24 | 120 yX 31

035 RTN 24 078 x -35 121 By -24
036 *LBLC 21 13 079 RCL7 36 07 122 X 53
337 RCL% 36 01 080 «x -35 123 R/S 51
038 X 53 081 1 01 124 PRTX ~14
039 Pi 16-24 082 8 08 125 X -35
040 X -35 083 0 00 126 RCL2 36 02
o041 07 084 -24 127 + -55

7
042 2 02 | 085 RCL9 36 09 | 128 pIs 16-51
043 0 00 086 Xdv -41 129  RCL1 36 01
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HP-97 Program

Backwater computation, for constant’
Fd1scharge for the full length of channe]

WS, Elev. U

(Sought) WS. Elev. L
'* (Known)
———

Upper o 'k Qifo g

: Lower

'_Program 1nstruct1ons on next page :
- 001 *LBLA 21 N 041 4 -55 081 0
002 STO1 35 01 042 - ST09 35 09 082 0

003+ R+ =31 043 RCL7 36 07 083 1

- 004 STO2 3502 | 044 RCLD 36 14 084  X>Y?
005  RTN 24 | 045 X -35 085 GTOI
006 .*LBLB 21 12 | 046 ST03 35 03 086 GTO2
007 RCL1 36 01 047 RCL6 36 06 087 *LBL1

008 RCLC 36 13 048 . -62 088 RCL1
009 - «x -35 049 6 06 089  PRTX
010 RCLE 36 15 050 5 06 090 S
01+ -55 051 7 07 091 ST01
012 RCL2 36 02 052 X3 092 PZS
013 - -45 053 RCL3 36 03 093 RCL2
014 CHS -22 054 -24 094  PRTX

015 STO4 3504 | 055 1/5 52 095  R/S
016 RCLA 36 11 056 53 096 +
017 X -35 | 057 ST00 35 00 097  PRTX
018 STO5 3505 | 058  P2S 16-51 098  p7s
019 RCL4 36 04 | 059 RCLO 36 00 099 5702

020 2 02 | 060 + -55 100 - pIS
021 X -35 | 061 2 02 101 RCL9
022 RCLA 36 11 | 062 s -24 | 102 R/S
023 + -55 | 063  PJS 16-51 103

+
024 RCL5 36 05 064 STO3 35 03 104  pIs
025 XY -4] 065 RCL1 36 01 105 STO09

026 : -24 | 066 %S 16-51 106  P2S
027 STO6 3506 | 067 RCL1 36 01 107 RCLO
028 RCLI 36 46 | 068 - -45 108 P2
029 RCL5 36 05 | 069  PIS 16-51 109  STOO
030 : -24 | 070 RCL3 36 03 110 PL
031 ST07 35 07 | 071 X -35 111 SPC

032 X2 53 | 072 p2S 16-51 112 RN

033 1 01 | 073 RCL9 36 09 113 *LBL2
034 9 09 | 074 + -55 114  P3S
035 . -62 | 075 STO6 35 06 115  RCL6
036 6 06 | 076 PIS 16-51 116  PS
037 3 03 | 077 RCL9 36 09 117  RCLS .
038 : =24 | 078 - -45 118 -
039 STO8 3508 | 079  ABS 16 31 119  ST02
040 RCL2 36 02 | 080 -62 120 GTOB

121 R/S

‘00 ;

©oo00]

16-34
22 01
22 02
21 01
36 01

-14
16-51
35 01
16-51
36 02

-14

-55

-14
16-51
35 02
16-51
36 09 |
51"
55 |
16-51 |
35 09
16-51
36 00
16-51
35 00
16-51
16-11

21 02

16-51

36 06
16-51

36 08

-45
3502
22 12
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HP-97 Program
Backwater computation, for constant .
discharge for the full length of channe]

Prestore: Width, W in A; Slope, S, in C Mann1ng n in D; Bottom elevation
at downstream end of channel 1n E

Water surface elevation at- L 1n 1
Energy Line elevation at L. 1n_9

, Station at L ' ,inrz,,
f(p « s)
Enter water surface e]evat1on at L
. Input stat1on at L
PRESS A
PRESS B
At pause enter 0, R/S
At second pause enter 0, R/S
output -. Station identification

W.S. elevation at station
W.S. elevation at station

The foregoing procedure was necessary to ‘place a‘friction slope value
in storage for the lower reach, ’ '

X Enter estimated water surface elevation at: U.
Enter station at U S
PRESS A |
PR‘SS B . ;
At pause enter eddy loss in reach, R/S = .
At second pause enter eddy 1oss in reach R/S
output - Station identification |

Water Surface elevation at station
Water Surface elevation at station
corrected for eddy loss

RETURN TO XX and continue process until uppekmehdipfdchanne]djs;reaehed;
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-APPENDIX:E.



"

Procediire for Estimating Division®of Flow Among Two or.More Open Turnouts

Definition Sketch

S's.~
To 3-4 To O-1
" Reach 3 Reach 2 Reach |
Nomenclature
‘Reach - The channel between two.turnouts. .The reach farthest
downstréam;Shalj be reach 1.
O - gjurhbut.h!TO 1-2.15jtheftufnodtlbétweén re§che§‘].&‘Z.v
L~ - Lower end of reach e.g., 2ij5'fﬁew]bwer_énd of reach 2

just immediately above TO 1-2. Therefore, immediately
below TO 1-2 is location 1 U. Though both of these points
are of the same station they may have‘different discharges
because of diversion at turnout.

u - Upper end of reach.



Procedure

1.

A list of stations requiring energy 11ne elevatlon calculatlons

outs are shown open.

45

Select the turnouts which are to be open, In this example

calculatlon, the turnouts at statlons 100 and 500 will be open.

" The downstream turnout (500) is TO 0-1:. ‘and the reach approachlng

it is roach 1. . See decfinition sketch.

Preparc a list of stations at which energy line calculations

are required. This 1ist will include each turnout, each local
energy loss point, and additional intermediate points so that
no reach length will exceed 50 meters (the criterion of 50
meters is suitable for channels with gradually changing_water;;
surface slope). The list'fbr this calculation is given inéfﬁe‘

following table:

TWo turn-

This is the cond1t10n for the sample calculat1on.~

Etat%on  Height of ; ".fﬁ;ﬁ;ﬁp
o T invert i
Turnout | Intermediate Description above Loss - outuf(,
* point mesqa Coefficient °P9?«w«
floor ‘
‘0 Beginning
50 0.1 s
100 Y o X
150 S0,
200 Culvert- o g
- 220 Bend 1,
225 10.05
260 * .
295 Bend . | 1
1300 " 0.05
T340
377 0.05. ‘
400 " 0.05 !
450
500 : 0.05 Tl x
600 End
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The table includes information on the helght of the turnout 1nvert

“above the mesqa bottom and the coeff1c1ents for energy loss calcu-

lations.

Estimate the discharge through TO 0-1., A starting assumption 1is

that it is the total inflow discharge divided by the number of open

" turnouts. In the example the total 1nf10w dlscharge is 0.06 M3/s :

6.

and the number of turnouts is 2. Therefore the d1scharge through

TO O~1 is estimated as 0.030 M3/s
Calculate the following quantities for statioh 1 L.

Depth of flow - a function of discﬁargé#oud*headlgequitqueng
Water surface Elevation
Energy Line Elevation

Firction Slope.

Proceed to next station upstream and calculate the quantities listed

in step 4 for station | U, This requires a calculation of the water

surface profile from the lower to the upper station by backwater

curve methods. The calculation is reiterated until the energy line
elevation of the upstream station is correctly estimated. The

details are incorporated into the computer program and will not be
described here. For more information on this téchnique, thé~reoder
is referred to hydraulic works describing the standard steﬂioroooﬁ

dure,

If the upstream station is ‘an open turnout (in this case this is
station 100 wvhich is not reached until near the end of the calcula-
tion), calculate the discharge diverted at the open turnout. Thls is
a function of the water surface elevation at the upper end of the

reach immediately downstream.

At each diversion point it is necessary to calculate -the fri- |

ction slope immediately upstream. It is not the same as that immed-

iately downstream because the discharge has increased.



1.

8.
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If the upstream statlon is a local loss p01nt, say a bend or culvert

calculate the energy loss. A satlsfactory approximation where :
:veloclty is small as in this’ case is to assume ‘all loss is reflectedh
"1n water surface drop. Th1s procedure was used because of 11m1t-:

at1ons ‘of program steps in the computer.

Cont1nue the process unt11 the d1scharge through the uppermost opent

‘turnout has been calculated and the total d1scharge has been deter-~

mined. If this differs from the planned inflow, O. 060 M3/S here, .

repeat the calculation starting with step 3 adJust1ng the est1mated

value up or down as needed.

The calculation can be continued. to stat1on 0 to‘determ1ne the waterg

surface elevation at the head of.- the channel.
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HP~ 97 Program for d1v1s1on of esga f]ow among turnout

STORAGE REGISTERS

ENTER Q TO 0 1
Key Stat1on L

‘§1N;?ﬁe§géiwi§fh

s, ‘bottom slope

n,’ Mann1ng n:

Bottom e]evat1on at O -

PRESS E

183
184

185
186
187
188
189
190

191

192
193
194

195 -
196.

'*LBLE
-STO5

Ry -

PRTX
ST04

2115
35 05°

=31
-14
3504
-62
04,
07
31
-0l

- -62}5
01

04

=35
At halt Key height of

invert above mesqa
bottom
PRESS R/S

197
198
199

200

201

R/S

 RCLC

51

-55
35 03"
3605
36 13

o o o k ~\‘ O\U‘l _b‘ w o _.

;f”ﬂff‘,. |
. “Station L

LS L

ffPr1mary ‘ o
;Q‘w S. e]evat1on Lfsf* E
:E.L e]evat1on Lfgfi i

‘Within"a- reach qu'’=

203  RCLE

204

205 CHS
206 RCL3
3

207

208  STO1
209 RCL3
210 RCLA
211 X
212 RCL4
213 X3y
214 3
215 X2
216 1
217 9
218 .
219 6
220 2
221

222 ST08

223 RN
224 R/S

Manually

‘ Secondary :
. WS, e]evat1on U
ngEALY e]evat1on U‘

. Station U

OO TN o1 W

. E. L;\e1evat1on un.

7'36 15-

45
-22
36 03
~55
35 01
36 03
36 11
=35
36 04
-41
-24 .
53
01
09 -
-62
06
02
-24
35 08

RCL 1

e



PRESS A
001 #pLA -
002 s
003 pRTYX
004 sT05°
005 R
006  sTOB
007 R¥
008  sTOI
009 P+S
010 RTN

Key estimated
WS-U
Usually RCL 2

PRESS B
011  *LBLB
012 PeS
013 STOI
014  RCLS5
015  RCLC
016 X
017  RCLE
018 X2y
019 -
020  RCLI
021 -
022 CHS
023  STO3
024  RCLA
025 X
026  STO6
027 P2S
028  RCL4
029 xzv
030
031 p*s
1032 sfﬁz
033
03 ]
035 9

36 01

‘Key Stat1on U

21 11n< N

,16 51 |
=14 |

35 05"

-31
35 12
=31
35 46
16-51

24.

21 12

16-51

35 01
36 05
36 13

-35
36 15

-41 |

-45

-45
-22

- 35 03

36 11

-35
35 06
16-51
36 04

-41

=24
16-51
35 07

01
- 09

53 |

ST08
RCL1
+
ST02
RCL3

RCLA
RFL6

RCL9

RCL5
PLS
RCL5

PIS
RCL2

g awﬁpjuiﬁﬁoﬁf(cdhiihqéd)k

a2
06
- 02

-24
35 08
36 01

-55
35 02
36 03

-35
36 11
-55
36 06
-41
-24
- 04

-21°

03
-24
3

36 07
3614
=35

v

-24
35 09

16-51

36 09
-55
02
-24
36 05
16-51
36 05

~-45

-35 :
16-51
3602 |

i107‘6’7’_"
077
078

079
080
081
082
083
084
085
086
087
088
089
090
091
092

093,

094

095

~ At halt Key: he1ght
of invert above

S
P 16-51"
STO0 35 00.
RCL2 - 36 02
S =45 -
ABS 16 31
.o -62 .-
0 00 -
0 00,
1 01
»Y? 16-34
GTO1 22 01
GT02 22 02
*LBL1 21 01
RCL1 36 46
X=0? 16-43.
GT04 22 04
GT0O3 22 03
*BL3 21 03
RCL3 36 03*‘

bottom
PRESS R/S

096
097
098
099
100
101

102 -
103 -
104
105
-106- .
07 %
2108
109 -

R/S

p2S

PTRX

-45,; .
S 02?1.:
62 |
S 1) B
- .ioaéifi

@m¢ 3]¢j1 :

eng’f
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HP-97° Program - Mesqa Flow Division (continued) L
~97 Progran - Hesaa Flow Division (continued)  — gyrpyr

109 PES . 16-5] 157 - -85 | aanm ek
170 RCL4 36 04 158 PSS 16-51 '£3§§9l?1~ ;508j888 Sk
111 + -55 159 GTOB 22 12 | WS -“_ 16,909 ***
112 PRTé 14 | }g? *LBt? 21 1? SR
113 STO 35 04 . RC 36 0 , : ' Kokk
114 P25 16-51 162 PRTX  -14 | it 99000 ek
115  GSBD 23 14 163 SPC 16-11 R |
116 RTN 24 164 P2S  16-51 400.000 *+*
117 *LBL4 21 04 165  STO1 3501 16.919 **%
118 RCLB 36 12 166 PXS  16-51 T
119 X=0? 16-43 167 RCL2 36 02 377.000 ***
120 GT05 22 05 168 PeS  16-51 16.92] *¥% |
121  GTO6 22 06 169  ST02 3502 | LR
122 *BL6 21 06 170 PSS 16-51 300:000 ***
123 RCL8 36 08 171 RCL3 36 03 ]6'.929'***
172- PSS 16-51 R
At halt key 173 ST03 35 03 205.000 *+*
loss coefficient 174 P2S  16-51 Bend 1oss- 0.002 **
PRESS R/S 175  RCL5 36 05  16.93]
— - 176 PXS  16-51 .
R/S 51 177  ST05 35 05 x ' —
125 X -35 178 PZS 16-51 2?28(3)2 Kkk
126 PRTX -14. 179  RCL9 36 09 '
127 RCL1 36 01 180 pPZS 16-51 225.000 ***
128 o+ -55 181 ST09 35 09 . ]6.939 *kk
129  sto1 350 | 182 RTN 24 .
130 RCL3 36 03 ; 220.000 ***
}g; RCE3 35_g§ : | Bend loss- ]0.02$ ek
133 sT03 35 03 69
}gg RCLA 36 11 200.000 ***
136 X -35 Culvert + 0.006 ***
136 Rc5$ 36 21 ~ loss 16.950 ***
4~ -
138 D -24 : *k
2 150.000 *
}23 Xi 3? 16.959 *#*
143 ; -oe Q 0.025 *#
v 6 06 Total Q 0.061 ***
e 2 -22 WS elev  16.961 **
}gg RCLT 36_g; 50.000 **+
}23 ST02 35 02 16.965
GSBD 23 14 “ ;
150 RN 24 12'893 ot
}g% *BL5 21 05 '
GSBD 23 14 f ”
155 B0 ) 0.061 ***
154  *LBL2 21 02
155  RCLO 36 00
156  RCL8 36 08
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nmenxcnn tqunvnnrnrs or IGYPTIAN Annuxr 3
- TERMS AND MEASURES CONMONLY usso
IN IRRIGATION- HORK- ’

Land Area In Sq. Meters In_Acres
acre 4,015,856 1
feddan 4,200.8335 1.03805
fiectare (ha) 10,000.0 2.47105
sq. kilometer 100 x 10 247.105
sq. mile 259 x 106 610.00

Water Measures

1
1
1

billion m = 810,710 acre-feet
000 m3 = 0.81071 acre-foot =
000 m3/feddan = 0.781 acre-foot/acre

(= 238 mm of rainfall)

Other Conversions

ardab = 198 liters = 5,62 bushels (U.S.)

1

1 g[gggjfeddan = 5,4] bushels/acre

1 kg/feddan = 2.12 1b/acre

1 donkey load = 100 kg

1 camel load = 250 kg

1 donkey load of manure = 0.1 m3

1 camel load of manure = 0,25 m3

Egyptian Unit for Field Crops

Crop Eg._Unit In kg,
Lentils ardab 160.0
Clover’ ardab 157.0 °
8road Beans ardab 155.0
Wheat ardab 150.0
Maize, Sorghum ardab 140.0
Barley ardab 120.0
Cottonseed ardab 120.0
Sesame ardab 120.0
Groundnut ggQgB 75.0
Rice dariba 945.0
Chick-peas ardab 150.0
Lupine ardab 150.0
Linseed ardab 122.0
fenugreek ardab 156.0
Cotton (unginned) metric qintar 157.5

Cotton (lint or ginned) motric yintar 50.0

Egyptian Farming and Irrigation Terms

~In_Feddans

.96335

1

2.38048
238.048
616.4

In_Hectares

0.40469

0.42008

1
100.00
259.00

9,72852 acre-inch
9,372 acre-inch/acre:

110.13

In’Lbs. In Bushels
352.42 5.87
345.81 5.76
.40 6.10
330.40 5.51
308.37 5.51
264,32 5.51
264.32 8.26
264,32 ‘
165.20 7.51

2081.50 46.26
330.40
330.40
268.72
M.a
346.92

fara branch

marwa small distributer, irrigation ditch

masraf field drain

mesqa small canal feeding from 10 to 40 farms

qirat cf. English "Karat," a land measure of 1/24 feddan, 175.03 m

qaria
sahn
s
sar

village 2
1/724th of qirat, 7.29 m
animal powered water wheel

n ou L w4 n B B

drain (vb.), or drainage. See also masraf, (n.)
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