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CHAPTER 1

.DESCRIPTION OF THE PRESENT SYSTEM

1.01 £ne Nile is the second longest river in the world

being about 6?C0 Km long. It flows north wardr from its

sources in the south, near Lake TanganJka, up to its

mouth at. the Mediterranean Sea ir the north.

1.02 The Nile River System and its irrigation and drain

age sybtem are unique as it has been developed over a

period of more than five thousand years. .The basin irri

gation continued to be the only mean of irrigation in Egypt

till the year 1820. In .the year 3.82.1. it was decided to

introduce the cultivation of cotton & Sugar"caneV.and it

was necessary to start conversion of the basin areas to

perrenf.al tc allow cultivation of those two crops. The ori

ginal system has had to be modified to meet new requirements

after shifting completely to perrenial system.

1.03 Tuti irrigated lands in U^per and Middle Egypt lie on

the sides of the river bank, except tor Fayoum. The Delta

area which starts just below or north of Cairo is generally

divided into three areas:- East, Middle and West.

1.04 Releases of water are made at the High Aswan Dan:

(completed in 1971) and Aswan Dam (1902). Water control L

distribution are managed by Seven barrages on the mair. Nile
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S. its two branches. Thc?c b-rrnges vor-j constructed to

fullfil f*o main objectives The first was to gua

rantee basin irrigation in low floods ... Pnd the sec

ond was to allow the conversion of basin irrigation to

pcrrcria!.. The location K date of construction of the

existing control structure, over the Nile downstream the
High Anw.in Dam are as follows :-

Control Work

Old Aswan D am

F-sna Barrage

Nag H.-».r-madi Barrage

Assiouf Barrage

Old Delta Barrage

New " i:

Zifta Barrage

r dfina Barrage

.-'- J-C •_••_ -*>•

Location
D.S.

Aswan Da m

1'car of

comple
tion

1902

170 Kms 1908

35'i t: 1930

5;i7 t; j 902

965 :i .•861

965 11
J 939

1052 "

on Dainietta

Branch

1902

11 (6
on Re

Branc

Kms

.setta

h

1950

Date of I
Strengthen
ing or re
modelling

1912 & 1933
i

19^c

1938

1901

195;J

1

J
This gives Seven Nile reaches (1; Aiiwan - E

sna •

(2) Esr.a - Nf:g Hantnadi (3) Nag Hnmmadi -
(4) Assiout - Delta (?) Deltc

(6) Zirta 'arascour (7) Bel"

(See Figure (l)

Assiout

- Zifta

— Edfina
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1.05 For >;«:? Korlt, wc have divtderi th-j irrigated lands

into .'JO command areas. Prom the stn.i.l no int. of the pro

ject, a car.nl command is defined as an area of approxi

mately 100,000 grosp feddans served fro,,: one -»v more

sources by regulators or pump scations fur which the in

flows are known. For the pio.icct Agrc -economic model

runs, theso command areas were zz£rv£.i±r.d into 15 units

i.06 The Drainage Authority also divides the agricul

tural land into 152 drain com::.and areas. Similarly, a

drain command can be defined as an area from which all

drainage water lever, through one, or more main drain

gravity outflow points or pump stations for which dis

charges can he known.

1.07 t'asic information on the historic cropping patt

ern have been compiled by the project from the records

of the Ministry of Agriculture on the bases of Adminis

trative io*tricts. To relate the distribution system

data to the crcal -distribution of crop*?, we have devel

oped coefficient factors having the capability to esta

blish a relationship between canal commands 1 drainage

commands and administrative districts with an acceptable

degree of accuracy.

A detailed description of how these factors vera derived

and their use to trancfer data from one levc] to the

other was given in the. Second Interim Report.



(5)

1.08 One of the main applications of correlation bet

ween distribution, system and aroa.1 distribution of crops

is to compare the rcloas » pattern.-, at Aswan cr any other

major diversion s.Jto that correspond to changes in crop

ping patterns throughout the system's conunand areas.

The MV.T project has prepared e ftroup of Schematic diag

rams for both irrigation & drainage system on the reach

levei fcr Upper Egypt and or. the region level for the

Delta- These Schematics will give a useful knowledge of

the main irrigation & "drainage network to be represented

in the distribution system mcdel (see figures 2 to 15).
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A SCHEMATIC DIAC3AJ! FCR IRRIGATION SYSTEM
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FIG (4 )

A SCHEMATIC DIAGRAM SHOWING THE IRRIGATION SYSTEM
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•lira _< :.
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Not used as a drain now

A SHEKAT.C DIAGRAM FOR THE fiKAINAGK SYSTEM

!!•' TV»: -SAO! NA<_ MV«4*UI - ASSJOUT



M
v

f
tt

^
^

a
f
c
w

^

£
Is

->
-
i

:
:

o
M

a
7?

H
n

-
•

>
o

~
n

»
"
t

„
:t

.'
m

si
o

n in
"
1

-
j

•
/-

i
»-

»

>
•

r
J
-

•
i{ X

s
w

C
)

u •
u

~
IP

>
!"*

L
:

>
_

n
o

II -'1

A
rm

n
n

r
M

ai
n

D
ra

in
p

.
_

^_
^L

__
__

_J
_^

^
*

7
"
"
^

IB
(1

oi
u> n

•1
Oi

j

•M
l

"f
^S

**
W

-D
"l

n
(6

0
0

0
F

)

D
a

n
fe

ek
';.

D
j u

>

—
~

?
J±

^!
:j

::
v.

"
"«

•••
..

I
J

"-•
>

l)
|

)

-
.t

r

K
e
ft

M
a

in
D

r
a

t
i

i
r
r
a

n
i

_=
_=

_:
-7

__
l

»U
>

f
.,-

i-
ri

'^
-J

.-
v.am

D
fl

^J
\i

jT
l

u
n



I

!

Snbaaia Drain

5500 fto

liousailia Drair. =-

4500

Edfou n-.-r._n -_____;

19000 fed

Benban Drr-_.n
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-_. EL Maharoeed Drain
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a scsir-'.-.Tic UTAcn.'.?: : ••? the deaj-"C.: syst!.:-.

jn .j=s ::r.T,c:: a.-•..%:: - esi.a
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2.i'_ The ii.vf.iitory cf the Irrigation en- Drainage System

j .1 part of a l/.rger data pacl.--.ge tc be described in Technical

RrJjorL 6 " Pro.ject Information -system ". That larger system

v-.-.r; esiablir-hed to store and process data to serve three

purpose* :- the calibration and application of the Agro-

Kct.:.0:uic model, the calibration of the distribution model

(and computation of command area balances), and the prepa

ration of an inventory of the physical components of the

irrigation and drainage system. Each of these files is

referenced to a different set of geographical areas. The

ddta in the socio-economic file were drawn from administra

tive districts which are the building blocks of the Gcver-

noratcs. The Canal data are filed according to 50 canal

commands, 15 Kroup canal commands, and 7 I":i2.c reaches. The

Drain file data are filed according to 152 drain command

areas, ..13 gi-o*ip commands, and 6 terminal componpsts.

2.02 T.i.c; geographic boundaries for these three files do not

co-incide. All boundaries were .napped and planimetered, and

coefficients vcre developed to record the extent to which

areas overlapped each other. Witil such coefficients it is

possible to compute what portion of which drain command

and 'id.-ainistr?.tive district is in each canal command, what

portions of specific ccnr.l commands and administrative

districts are in each drain command, and what portion of

specific canal ccn_mand3 and drain commands are in each

Administrative District. In sxi_i__aary, regardless of for which

of the three set.'; of geographic boundaries the information

was obtained, it can be retrieved according to the other

geographic, bcur.dar.es.
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2.03 The Kinds of data stored for the Canal and D.v«;.„ files
are listed below.

Irrjr-atio:. Cai.al file

. Canal command characteristics : including name,
gross com;-and area and description of the- canal
ne Lwork.

. r.anai grovp characteristics : including name, locar.i,
downstream from Aswan a/.d description of canals
serving constituent command areas.

. l*ile Reach charactei istics : including name; length,
av-rage width, and historic 10-day discharges and
water levels.

. Irrigation structures : function, hydraulic area,
and construction type.

Gravity discharg*

function, hydraulic characteristics, and h
ge sites : location, source of «-••-,-o.,-

istoric

10-day discharges.

,. :' Irrigation pump stations : location, source of supply
furcLion, physical and hydraulic characteristics,
historic 10-day discharges and energy consumption.

. Crossing works : number and area of openings, length
and type of construction.

. Net contribution identifier-. : linkage* required to
identify works that cove water i-to, cr out cf,
canal commands or group commands
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Drain Co- mand Characteristics : name, gross com-

cir>ndod r.r.a, and desc: iplirr. of network of drains

i t contain;. .

Drain Group Command Characteristics : name, locaiion

downstream from Aswan for return flow point, descrip

tion of cduals that servo its constituent drainage

Chm^and?,

Drainage structures : function, hydraulic area,

construction type.

,. Gravity Discharge sites : location, scarce of supply,

function, hydraulic characteristics ?nd historic

dr ta on 10-day discharge volumer: _

. Drainage and Irrigation pump stations : location,

source- of supply, function, physical and hydraulic

cliaract^ri.dcs, historic dat_? on 10-day discharge.

volume.1- and energy cor_s->/mption. •; ••

. 'Return flow identifiers : linkages with canal file

to identify discharge vvtes and pump stations that

recycle water to the irrigation system.

2.04 At tae ticre this Technical Report was prepared fne

data files were complete but the retrieval programs were

not all developed. It was necessary to assemble manually

the inventory dav.a presented on the following pages (by refer

ence to the date: sheets us_d as input to the Project Inform

ixi.-r. Systeu.) _ Recently, an IE., software paclcage (GIS) has

bee-:, irrstallca in Cairo . It can be u;cd to activate process

ing and retrievals from the syatca (ir.cludir.c pre prograr__ed

formats for the output),.
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|

Km 3
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rnu>..\r.:; CMAVNF.LS
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CHAPTER 3

cost of v:at::p. in the system

". 01 A reliable estimate of the average economic cost of

water in tlKs nation's distribution sys+em is truly impor

tant because it would help deeisior makers to determine

where to allocate water and where not to. Uses whi<~.h would

yield an economic return to water superior to its cost

v.*ould generally command priority c-rer proposed allocations

where the cost of water would be superic- to n-.ticipated

returns.

3.02 The annua, cost of water is the .sum of the annual cost

of operating the entire irrigation /drainage system? the

annua] cost of m* intainii.g it j a.ui the annual equivalent cf

all no~essary capital investment replacements over a giver. .

period of time. Detailed numbers en actual budget expenditure

are available: hence estimating operation and maintenance .-

cos's ;v:es no serious problems. Difficulty arises in that

these values are» of course? financial ones and not economic

Electric energy is an important element iv operating the

system and one where the market ra'.e is markedly different

from the true economic value (aboivr. LE 0-O07 vs'.LE O.C-_2)«

Therefore, in the following ..paragraphs, whenever possible _

the economic price of electrical encx-gy is used; tho other

cost items cannot as yet be adjusted*
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3.03 Estimating thu annual equivalent cost of al.1 capital

investments in the system is more complicated. It amounts to

estimating the cost of futi.re replacements in the system

discounting these to a 1980. or presents value and then

amortizing this value over the :.:;:tcd useful life of thut

replacement. In order to do this in a .systematic manner? all

majoi structures and pieces of equipment in the system w«re

grouped in 2-way tables, that is according to the length of

useful life and the estimated year of replacement.

3.04 The replacement and annual equivalent costs of diff

erent categories of structures, ar.; estimated in the following

paragraphs.— These are grouped under the following headings;

Nile barrages, large regulators? imjor structures, irrigation

structures? erainage structures and irrigation/drainage pun-

stationS. I.-, the final parapraphs? operation and maintenance

costs will be added in order to arrive at the overall costs.—•>.;

3.05 Nile b-.rrares.Of the 7 main barrages? 3 are scheduled

to be replaced in thi? century- n_id the others 60-75 years from

now as shown i;_ Table ( 5 ). For the purpose of estimating the

average cost of water in the system? only Esna: Nag Hatrunarti

and Assi.out barrages r_eed to be considered.

1/ The Aswan Dam complex has not been included here.

2/ All data ard assumptions used here arc provided by the

Ministry cf Irrigr-.tion,
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3.06 Larer r-: eul.: tors . None of the l'» large regulators

shown in Tabic (6 ) is scheduled to he replaced in this

century; all replacement is scheduled to take place during

a period ranging between 30 to 95 years from now. Hence for

purpose of estimating the average cost of water in the sys

tem? the lar.se regulators need not be considered.

Irrigation structures

3.07 Based on t.:3 system inventory? and the estimated

unit replacements costs (19S0 prices) per meter square of

hydraulic area? an estimate of the aggregate 19B0 replace

ment cost of the entire group of structures can be prepared.

3.08 Useful lives of these irrigatic. structures were esti

mated as indicated in table (7) i.. also assumed that the I'.'••'•

structures are now-in the average - at one half of their

useful life and that? in view of the large number of struc

tures involved, the average annual cost of replacement will" .-..

he identical in every year.

Table ( 7 ) gives annual replacement cost for irrigation

structures

Dra1nrge structures

3.09 Based on the system inventory? and the estimated unit

replacement costs (19'j0 prices ) per meter square of hydraulic

area? an estimate of the aggregate i980 replace.-.,„nt cost of
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the on;ire group of structures c,n be prepared.

3,10 Useful lives of i.hcsc draimw.
1.'-C e .- 1 T '.'Cturcs were cstim.r.i

.as indicated in table f8. Tt .« -, - ::*ftD1" l*".Tt XS m:-,, assumed, as in the for- :l^

v. structures are now-ir. thr average %\egoirg paragraphs that t

ai c"~ '^lf of th_i/ useful life ami tt... +,a-ic and the. the average annual

cost of replacements will be identical in every year.

Irri gati„n--anIMdr3 inago pvnpstjjtjnn.

3.1 The MOI estimates the total repL^placement cost of ell

ivrisation and drainage pump stations for the period 1952-
• 2000 at about L2 120 millinn fie-7ft \million (19/8 prices), corresponding to
•about Li. 162 million at 1980 pri

that about ^C% of this _r

prices. Accounting for the fact

^presents replacement works which

!

ought to ha'!"• taker, pin,, before 1980 but which have been

deferred t« the period beyond 1980.the anv.ua! replacement ..! fl
costs may be estimated as follows; ||

'3_l- ordinary annual replacement costs .M^.Ubfj
- additional deferred annual replacement costs LE 3.241

Operation ami Maintenance Cost.

3-12 Administratively, th

he Lrr-irntion LVTa

LE 8.10 M

1

•cse expenditures fall broadly into

tnree categories? thosa of tin

of the Eloc-;nca: ar.d Mechanical, in addition to the actual
expenditure of o^er.-+ ->-.«• ..--.1o..er,.fcinj. and innj.o Urusg the high Aswan Dam

and
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Old A..w.-,n Dam. The fir;,t includes the r.ctual expenditure in

hoth chapters 1 .: II of ^he annual budge: . The second inclu,

all expenditures necessary for the operation and maintenance, of

the nation's irrigation and drainc-o pui..n stations.

Operation & Maintenance

Costs L.E. Million

Irrigation Department; 3979 Expenditure

Chapter I (Salaries & Wages) 12.03

22.07Chapter II(Current expendi
ture)

•sub-total L.E. million

Electrical S. Me eh. Dent .

Materials & Indisrensobles

Wages, Operation.

Wages? maintenance

Spares

Maintenance Materials

•ub-totai L.E }•[• ixion

3^-10

1978 Expenditure

5.51

5.56

1.06

0.32

0.18

.2.63

LOOT.

1/
Adjusted for 198c

13.83

25.38

39.21

Adjusted for Igc?0

.-*' 7.44

."•_' 7.31

l-'i3

: 0.43.

0.2^i

17.0:

AswaT! Dorn A'jthoritv : -
Chapter I

Chapter II

Sub—total L.E. million

1979 Expenditure A.: justed for 1<.8cT

operation & Mair.t Cost s

1/ 155?. inflation

2/ 35/» inflation

1-31

0.62

1-95

1-51

0,71

2.22

58. 'L&
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The price differential in 1980 between the financial and eco

nomic prices of electric energy is ab.-.ut LE O.C33/kL'h. Esti

mated energy consumption for 1980 is b'J5 x 10 kWh. This

means that the "materials indispensablcs" line in the abce

table would have to be increased, by LE 22.22 if energy were

costed at its economic price.

Estimated Total Annual Costs of System ..

(LE million? 1980 values)

1• Capital goods LE million

Nile Barrages 15 .30

Largo regulators * — i

Irrigation, structures 16.26 'A

Drainage " 8.22

Irrigation _•• drainage pumps 8.10 -'•;_.

Sub-total

2. Operation x Maintenance

GRArr TOTAL

3 « Energy co.it adjustment

GRAND TOTAL 128.5S

Conclusion:

9 3
The Egyptian share of the Nile vat.rs being 55*5 X 10 mi

it follows from the above ralculat ions ••hat the a\'er^^e

cost of water in the system can be estimated as follows:

I

.-•._.•

kl .88

58 .A3

106 .36 1r%>

22 .22 ~7f
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energy coated at financial price; LE l.«)2/lQOO „?
ii ii

economic cost-V : LE 2.32/.OQQ

1/ i- +adjusting energy cost only; all othi
equal to the financial ones.

n

;r cost items still
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CHARTrd L.

recommended MEA5i:-'r/..ENT program.1

'_o0l "The mo.-t Important and critically needed pregram

is the cnr, for rnoasurtiner.t . Flows released from the High

and Old Aswan Dams are distributed to the agricultural

lands and other users in a complex cystem of canals and

drain:-. Grov.-ing requirements for water have been served

up till now by the systemr but further increases will

require a ve-y high standard of operation and management.

It is accepted that an important step in achieving that

goal is to introduce a better standard of accuracy in

mea.-v-.ring water deliveries in the canal system t\nd return

flows from the drains.

For the purposes of water management, water distribution,

system is divided into Irrigation Directorates and further

sub-divided into command areas. The inflow to a command

area can be computed using water level date above and below

regulating structures and rating curves previously developed

^.02 Host of the rating curves and other calibrating dia
grams vers developed many years ago. Now they may be in

accurate an. to silt deposition or erosion in the channels

above rxrL& bclcv the structures, wear and tear on the struc

tures then:selves or even structural '..edifications. So, it

is very important to improve on the accuracy of future flow

computations by checking the previously developed curves

in addition to calibration of nc. sites. Introducing new

proce-hir .s p.nd modevn equipments ..hat are best suited to

*:acl- site will be the ideal solution.

^.03 An assessment of " Critical Mcasurenent Needs " has

been m«de by thp. Master Water Plrr staff to allow for a
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better estimation of :-

1- the loss and gain in the seven Nile reaches to

allow for a better control of the amounts of

watei to be released from Atwan Dam all the year

round to match with the actual requirements.

Table (9) gives the number of recommended raeasnre-

ment points for such study.

2- an improved water distribution between Irrigation

Directorates enabling the Ministry of Irrigation

to compute the inflow to each directorate accr.rately,

Table (10) summarizes the number of needed ireasure-

ment poinds for such case.

3- the national water balance by haying more accurate

figures for outflows to the sea and lakes. Table

(ll) indicates the number of recommended measure

ment locations for national water balance studies.

The total balance of the rcommended program ^ives

286 locations needing; immediate implement* ti.cn.

.Ixec^ntly, current meters have been provided r-y

MVP to the Ministry of Irrigation field staff and

arrangements have been made for the Hydraulic

Research Ir.stitute to train staff in the calibra

tion of flow regulating structures, and the instal

lation and operation cf vncer level recorders. This

training will facilitate implementation of this

urgent and critically needed program for calibra

ting or checking p„?.ii> irrigation and drainage

s t ru c ture s . -
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TABLE ( 10)

.lumber of Recommended Measurement Pointy IjVorJfgl^er
DISTRIBUTION BETWEEN DIRECTOR VTES

Reaion

Upper Egypt

Middle Egypt

Eastern Delta

Middle Delta

Western Delta

Total

Pump

Stations
Intake

Reg e. la tors

3

3

8

1

15

Head

Regulators

3

5

" 2

6

2

18

Totei

4

8

5

14

3

34
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TABLE (11)

Number,- of Recon.norded Mca.surc,-ant Points for National im«-
Balap.ce Studies

er

Reqion Pump.
Stations

Spill
Kays

Gravity
Drainage
outfalls

Nile

Bcrrage
Total

Eastern Delta .-

To Med. Sea &

• Northern Lakes

To Red Sea C<

Eastern Lakes

.Middle Pelta

estern Delta

Total

1

1 2

19

11

2

19

12

13

IC

43
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CK/PTEH 5

A ma '~irr:;.ATic;.i, simulation hod~l

OF THE IP^IG'.TION J)T-STR1ETIT?ON SYSTEM

IN EGYPT

Intro ch .c r. ion

5.C1 Systerus engineering analysis offers a j;reat variety

of techniques for water resources planning. These include

simulation, linear, nonlinear and dynamic programming "and

have all been used with varying degrees of success in de

riving optimum development strategies for water resororces

development or utilization. The major complexities of even

relatively small water resources systems have restricted

the utility of the analytical approach techniques. While

not necessarily the most suitable in all ;»sen. the simu

lation approach does have the advantage that it is a single

logical step forward from traditional methods. It requires

no great mathematical skills, and it is versatile iii .the -._:

senre that it may be adapted ^.- b wide range of problems

at various levels of complexity depending on both -the aims

of the study and the quality of the available data. V.-

5.02 As part of the activities of the UNDP/UNTOC project

EGY/73/C23 - Assistance to the hydraulic and Sediment

Research Institute," a mathematical model of the irrigation

distribution system lias been developed by Mr. James Nemec,

consulted to the above mentioned project.

5*03 His report outlined the methodology used in the luodel

and described the data required and the assumptions to be

made in its developmentfc
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>•<><> This chapter of the r^ort. doe, rot intend to give
lM**»* ^s,ription of the simulation ,odol, but rather
to Pve agoner,, outline of it, ,ith the necessary warnings
*** li»xt*«:ion« of its use in real applications.

^ies_of the Modc 1

5.05 n,e Kajcr ,.-r,jC,;lves cf the r.oce, ^ rs has ^^ at^nd
by .«,„, is : t„ provido the aMllty to det.raina
Wore the. at,rt of the irrigation s=Hsen, the irrigation"
r*<l»x»«.„t. for cl: the »„. basln beloK Aswanj ^^ ^
«-o»«tr«i»t. imposed by land ch.racteri3t.es. water eortrol
structures, water delivery and Irrigation system a,d other
operating procedures, to alio.- nulti-purp.se plants of thi-
system on a 5-day incremental basis, and to agists ir. the
oay-to-doy operation of the system.

3.06 -Unfortunately, the present var.,ion of the model" dees'
-at fulfxl the Prescribed objectives, h,,ever a significant
h-ogrammi^ effort-fand cost) had been invested in the deve-
-opmeut of this real-time operational model. *

general Outljno

5.07 The mathematical model of the irrigation distribution
«** -em as designed by I^.eo is structured to constitute the
oasic elemente of :

1- A demand sub-model that e «:*-• wn•<- nr- ••-> -i-n^s. es^maces the irrigation wate*

requirements cf on area given its cropping pattern,
crop calendar, and climatoiogical characteristics,
and.

e

Nemec's main report was published as Vcrhing Document
of the EGY/73/023 project entitled "A Hathe
ox the Irrigation Distribution S-.^fcm -n E--

matiee.l Model
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2- A distribution sub-model that satrtss these requirements

tl~.r0v.5h a node-and-b ranch network r eprcse.ita Lion of

the water distribution aystcrJ to yield the accumu

lated d.:ia;.r.d at various upstreat.; locations.

5-OG The model 13 modular in design» as illustrated in

Fip'tes l6 and IT. Any part of it. can be modified without

interfering with the overall design of the model* The major

programming effort in developing the package was in the

dovelopr-ortt of. the basic file handling routines in the demand

sub-model which is far more sophisticated than the distribu

tion sub-model.

5.09 Major parameters of the model such as efficiencies,

leachir;^ requirements of canal seepage losses can be defined

individually for each unit areas or each canal section. In

order to simplify the input to the model, a standard v*\ue

is defined for each of these paramo* crs - generally. i:nmer»

by default value - and specific values need he given only >'

when they differ from this stand-aid value. ; - --• '-;:•'.-;

5.10 No optimization process is built into the model. How

ever, given a series of different sets of conditions, 'che. .- -

results "ill indicate the best solution of those considered,

will lead the u^er in the right direction and assist him "to

find an optimum cue by additional runs of the model.

Ma.ior Concents of the Model

5.11 The major concepts used and developed in the model

are defined as follows :

- Climatic rerlofl

An area whose climatic conditions are define^ by a
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unique set of climatic variable.. Tn s,neral ±t ^^
*""* the urea for vnic.h the d,ta collected at „ ,;vcn
noteorologi;.ul station can he eonainored valid, in
particular th, model rehire, the input or the' ceapu ta-
Vion of potential ov,potrW,Spir«iion in each of the
defined climatic regions. Since crop characteristics may
v-y w-:,h different climatic condition,, in PHrtIr«l.r their
crolViaS calendar, they can bo defined individually fo~
any of the climatic regions or generally for all regions
vh.ers no specific characteristics are defined,
^orrsnd Area

A cultivated area for which a specific crop pattern can
be defined ana fed by a unique irrigation canal at a
Riven point cf ixs course. This can be the total area
served by a canal from a giver, regulator, or a portion
thereof according to some administrative boundary, the
csrea s^ed by mn,ajor drain, or other considerations.
It can also be the total a.ea served by a group of v-^ps ..
that can be considered lumped together ±n one single
poiirL .»f the system.

The corawnd area i3 the unit for which the irrigation '.;
*c:,Ar:d ±» coated as a whole and whose influence on the
system is then computed un«+r«-iM ^-r -• - - •1 "eu upsrie«u of its application node,

?\Qdo ^Vjtt^ring^System

A node is any point of the system at which the flow of
water is defined (Figure if,), a regilater serving a coa-
marc area is conceptualized as a node, the point of water
withdrawal for municipal and industrial use is also a
node, as well as any barrage at. which the resultant demand
a.* tc be co,,r.v.ted. Agricultural, municipal or industrial
flows, car he centered as separate nodes. Bctvrn flows
are treated as negative dcn:.£r...i» .

Every nod/ is as.*i.c;ned e unique fiv^-digit ioentifleaf ion.

>!».
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The numb.-ring syr.tt'-a is devised e:< the basis of

dividing vac hirer •/•alley into seven reaches. Each

reach is bounded by two major barragess The first

dir.it tc the left specifics the re-r-ch . The second

digit to -the left specifier the type of ucde, whether

water is withdrawn or returned hy th.e gravity or

pxa;:ping . The third and fourth dicics specify the

group ear. ma.id are,., and the last digit specifies thf

individual command areas. Ail the nodes to the right

bard, cf the river will take an even number, while, all

nodes to the left bank will take an odd number.

The attached Tables 12 and 13 represent the node numbers

of the canal group command, which is defined as the

the area served by a first order off-take from the

Kile and made up of one or more command areas.

Pet urn flow Node

A node at which the ret'.irn flows of a command area

or the return flows c<ssocJ at<_*d with municipal .and

industrial, demands are returning into the system.

Return flows ore treated as negative demand. -'-

Cron Pattern

A list of the net cropped area for each crop grown

in a command area. A crop Pattern is input to the

demand sub-model , and is d ifir.ed xith t-wo parallel

arrays containing the crop numbers and the corrcb'jor.ci •

ing area respectively.

The ti-.-.e :i ncr ement cf the model (Period) is defined

as one sixth of a nonth or 5 days. Thus a calendar

year certains 72 ];criods.

Model D-retion

Th.> s.cdt-1 is set up uo simulate cue- year of operations



for the agricultural dotard as well as the distrihu-
tion ir.i-.dc3 :

^^^.rAj^XlSV'JlP^Siir. Elcrs ent s

:*,12 Ihc elements on which the distribution model ar
based 3?.:i be defined as follows (see Figure 19).

a- 'Jpstrearr node number

b- Downstream node number

c- Canal section batweeu two nodes defined with its
time la_; 'and loss factor

d- Up to 55 previously simulated canal sections taking
their water from the elements upstream node.

^BBX-^L defined at the elements upstre-m rede : '
a- Agricultural demand

b- Municipal demand "1

c- Industrial demand. .'•>$£

Ih^vvjn Flo^s. defined at the elements upstream node : "'1
a- Agricultural return flows . %

b- Municipal return fIov,s '-J

c- industrial return flov<-. ".••?

jIiL^A.Ilc'quired ff-r the Model

5.13 The agricultural rfemar.d model requires basically
three tyr.es of data .,

a- Climatic data to evaluate the potential evapotrsns-
piraiion in ev^ry climatic region.

b- Crop ch-.vacterir.tios and cropping calendar for

every cr.,p planted in the areas under consideration,

c- Crop pat v. err. (net areas under cultivation) and otner

parameters for each of ihp conui&r.d arvr.s condidered.
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r->i 'Hie distribution model requires at least the fciiow-
-r-.~ five types of data.

a- The results of the agricultural demand model of

the agricultural demand at every command area,
b- Kunierpal water demand-:, and their point of

application,

c- Industrial water demands, and their point of
appl:; cation .

d- Canal characteristics for every canal section
including time-lags and losses factor.

e- A description of th geometry of the system with
canal sections representing the link between two

nodes logically and sequentially defined from -

downstream tc upstream.

?*ile.-> Description

5.15 The files used by the model can be divided into two
categories. There are ten primary input files and tr.'o files

containing intermediate ana final results. Table l4 lilts'-
these 12 files with their names as used by the modal. The
=cdel is set up so that the files used as input by c program
can actually re loaded by any other program.

5.10 Another lint of programs used for handling these
files and carrying on the different computations arc shown
in Table 15 .

Fr:-; cnt Status of the Model

5.17 The Master Water Tien project inherited the partially
documented sei cf computer programs th^t had been developed
under the former UNDP/UKrCC preject(EGY/73/C13) .
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,.*« ->t t-.at tt.. th.r. », no f,lly t..Md MlI doca.T.ontt.d
r,oSr,-. P(,cl:as,., thep. vr:.c. no fo:].v..up p.aii5 fQr 8 _
«.S tn. r.qulro.1 data inpu„, and „rk ^ 1|r^Jy ^^
™ Preparation r.,r ,.odel cal thra tio!:. KorCov.r there w„ not

-.M acceptance within th.-. Ministry or Irrigation
ft. >

con-

]U.ire!.-.er.+ e )

of seme majar concepts used in its formulation, (ecg
survive ur.e based crti.r U-, of diversion renui
A significant part of the total programming effort had been
spent in developing a module to compute these estimate. vcJ
the results obtained show great discrepancies when co,xr^^
wxth those obtained on experimental basis. These discrepar.;L,
probably resulted from tn, method,: used in computing the
potential evapotraaspiretion (ETq) using one of the known
theoretical methods (such as Penman) without the nece.?S,ry
calihration of its constants and parameters, however,
accepted values of consumptive use can be loaded directiv into
one of the model files and can be used, thereafter, by the
other programs of the model.

1-.19 It should be noted also thet the available programs "
do not constitute a true flow rouhing model. It takes

is no

evel or discharge capacity constraints, and
i cr

not included.

effects within channels or in «„ pools above barrages are '. M

5.20 Given the complexity of the Egyptian irrigation and
droiaaso system, and the major data gathering effort required
to support any serious attempt to calibrate the model, it
was decided by the huP to defer calibration until the project

was operational-Xa.* pi rcis\ ior. sy st,ens

5.21 No-..- that hr.& d«;te are available in the project infor
mation system, th* r.nlihrotior. of the model can begin. From
the work alrrad-.. done by the I--:?, it is known that ca2 ibra-
;xon will nr-t he a s.iuili- tasJ:.'; ?.e, ore ocg.Lr-aing, it would
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be .-. dv.Lr:'.• ;.c to ,,:a"; c an e^ti iatc cf the

co:,. put a;- r-;rtr that vauld '»«• r.orri' 1 for

tht.iess, it i-: recemmended that the i-i'"^

,rio:-i t •.i:r*:v.: tie ^r:^

TABLE 12

v r xx

ri...t p-.np'.'h .•I . c. *. a

cali' •ration . I.'ev-r-

g2 vc xhis t". .',!•: high

e -- digit idci.tificati'T)

To id. lit ify the reach downstre<

on the River Kile :-

1 . D ,-j . Aswc».;i

3. D.S. Nag Kammadi E.

4. D.S. Assuit B,

5. D.S. Delia B. (Rosetta)

6. D.S. Delta D. (Damictta)

7. T> .S . Zi'.'ta b .

Tvni of Node

Ex trac;ti_on s

0. By gravity to Agric .

1. Ey pulping to Agric.

2. B\ gravj. ty to M -s I

3 . By purr.7.!.i.-a,2 to M •*• I

*,.

•-• .- t. •..™.. .. _ •»vr «

"- * --'.•." £cra •- _" ... j. - em /^;-.'r j.\ .

£. hy gravity from M + '

6 , Tl\ punyiug from M + I

C;^

a d,...m or main barrage
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TAL3LE 33

lt-,'1 or ><"•'.;.: •niy.r.nif

Kl^ACH 1

U.S. AS'.'Atf n.'jj

PU>!P STATIONS D.3. A5V..V (27
OLD K.'.LLAHiA P.S.

>w.--.-..UA C.

Kamasa p.s.

ASPCX C.

d.s. r.i.vA n.

gjuAcn 2

nAVAUJTA P.S.

km eyas: p.s.

EAST N.Tj HAMM/.OI C.

MARAShJM P.3.

PEIUi r.S.

VES'; KAT, HAHMAP-" V.

n.S. NAG KAHMADI E.

nr.'.CH •;

ABU HJMMA7J P.S.

EBRAHIMJA C,.

REACH *j

GmDaL P.3.

TEL F.L AMAPKA P.S,

OAln AnU iJTNESS P.S,
SAWAD P.r.

k>: = -aiii ?.?.

GEEEL vL <jATR p_s_

s::ei.'.h pacex. p.s.

SHARC-l'VA ISLAND T.S.
SKAiiAHNA P =;

BVAi) TL AF!,-,3 p.s.

DAM SOLjl'AX P.S.

1102C

: 30-,o

neiu

10030

2000c

23020

^10!»0

20060

21010

i.1030

2C050

30000

31010

300; 0

41020

4io6o

hc-'io

4n>Cc

;h:oj

41120

4ll*o

'»11 &o

41 j So

'11200

4 1220

JSriiS.LS t?-m.)

Cii-si sa;.:.;i i-.s. •

kcpu:„7 ISL.. . .

DA!J! Ej. MAYKJl'K P.S.

EL KCiJIMAT P.S.

ELLEJTirV P.s.

BOLIAKIA P.S.

ISVAIl.IA C.

5H/.RK WIA C.

AEtU EL MEXAGA P.S.

BASOUSSIA C.

TaKJjKI R.

bAKAWA C.

Mrxoun n.

NACAYEL C.

KASSIRJ 11.

Rt;ACH_7

P..MR EL SASL.I

FCW\ y.~.

KHaLIG EL KEN F. '

SHAMSHIKA F.

EAST RASHiniA C.

KEV aTF P.S. (MAHMCOTTA)
OLD ATF P.S.

HAlK EL-GAMMAI; T.

KEXS'IAVETa & FAi<;.NSArtEYA

NA5SER CANAL

EL ESSLAH C.

FA<\'.R G.K.

J-E6T G.~.

fl2'!0

'lie So

'11300

41320

4cc4o

'10060

41360

40?00

4G120

•'(005 o

'l0220

'io-Ho

^0010

50020

51040

50C60

50080

50120

5101c

50030

50050

5007c

50090

501 >fl

50150
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TABLE I'l

FILES i«KSCT;IP7MON

hv.mbcr

11

12

13

lk

15

21

'-'ii:- Namo

II^N - MONTHLY

luh' - CROPS

JlhN - AREAS

IDN - CANALS

ID ,T - PERIOD

IDN - AGRO

22 I ON - MUN

23 IMi - IND

26 IDN - AGRF

27 IDN - MUNRF

28 IDN - INPRF

31 IDN - NODS

Contents

Monthly data by month

Crop characteristics by
crop & by climatic region

Cropping pattern by
command areas

Canals properties by
section

72 period velues for STO-

Rainfall and G. Water

Agricultural demands Ly
command arcaa

Municipal demands

Industrial demands. " .Y

Agricultural return flov '

Municipal return flow :": >:

Industrial return flow

Complete results of -

current run, deman/3 at ex-erv

node of the system.
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15

pr?ocr.AM ^n.-cr'TiTiov

1- Arr-i cultural fV-icnd ?uh-Mor!». t

Pr o.qratn

CF 11

IF 11

CF 15

IF i5

IK 12

cr 13

if 13

or ii

ot 13

Cf 21

PENC

CAID

Ftfr.r tip?.

Creates T-i le 1 j

Loass r.o-.thly dntt in File 11

Create^ Tilt lr.

Compute* e.-td Jo^ds p-;iod values in File 15

Loads crop charactcriatita in File 12

Creates "-lie 13

Compute* «„d loads crop patt^.-n in File 13

lists contents of File 11

Print-out a sur-jaarj of selected

crop patterns frcm File lj

Creates File 21

Computes potential Evapotranspiration
by Penmai; combination method.

Computes agricultural demands for all
corasand areas

f. 2_ distribution Sub-Mortal

t CF 14 Cr..,t-3 File lA
IF

CF 22

CF 23 J

CF 26 i

P. . - '"."• Load canal characteristics in File lk

CF 27

CK 28 ( ...

103,15 ninthly iiia of industrial and municipal
• demands o>.i eUo a*r3 cultural, mui.icia»l and

inri-i^tr::! rc-lurr. fl->vs

Creates File 31

Computes diversion 1 equirenents

Print 5 scle:Ud remits of diversion
r»qu"»r e.xt.-.t s Tr.-.f ?ilc 31

CF 31

)
Create Files 22. 23, 26. 27, 28
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FTG 16

SCHEMATIC DIAGRAM CF TFZ AGR.TCULTURAL DEMAND MODEL

Command 1
area crop

patterns

and

character
istics

/ File 21 "\
V IDN - AGRO J
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SCHEMATIC DIAGRAM OF THE DISTRIBUTION

MODEL

FIC^7.



EBRAHIMIA C.

ABU HOHMAR P.S.

W. NAG HaMMADI C.

DER3 P.S.

KARASHDA P.S.

ASFf>:j C,

NAMASA P.S,

(S7)

FIG lC

MAIN RIVER NILE

V .320

I o 412C0
4]280

41260

41240

41220

41200

41180

41160

41140

41120

41100

4IP30

41050

41040.

41020

4000

EL LEITHY P.S

El K0RMIMAT P.S.

LAIR EL MAYMOUN P.

FL KORI'lAT ISLAND

BEN'I 3ALEH P.S.

BENI SOLX:«AN P.S.

DAIAD EL ARAB P.S.

SHARAHNA P.S.

SHIEKH FADEL P.S.

ShIEKH FADEL P.S.

GEBEL EL TAIR P.S.

KERDAHI P.S.

SAWADA P.S.

TEL EL AMARNA F.S.

DAIR ABU HINESS P.

GABAL P.S.

D.S. ASJUITE B.

REACH 4

30030

REACH 3E
31010 a.

20050 O—^

21030 •

21010 •

10030

L1010

REACH 1

S.

30000 D.S. NAG HAMMADI B.

02C060 E. NAG HAMMADI C.

21040 KHEYAM F.S.

REACH 2

>2I0;.0 BIADIYA P.S

>2000G D.S. ESNA B.

>010060 XALLA31YA C.

'11040 OLD KALLA3IYA P.S.

'.11020 PUMPING STATION:- (57)

>10000 D.S. ASWAN DAM
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