- h L b

AP10
.EG-AAB-720

SR ALAL PO LU

UNDP - EGY / 73 / 024

-
" ARAB REPUBLIC

EGYPT

, -ao
77 UsAID/ CATRD
(povELOPMERNY
AN FORMATION
N\ CERN taR

THE IRRIGATION AND DRAINAGE SYSTEM

M

e

e

Ty

NSTRY _OF R

? ""QTIY*‘f’*ﬁl.f- N T e
- L ;.frﬁf_ ';kﬁi“ &

T b 1:_ .
SR T, W

ARG e




CHAVTER 1

DCSCRIPTXON OF THE SYSTEM

CHADPTER

-
e

TABLE OF CONTENTS

SYSTEM INVENTORY -

Irrigation Canal File

Drainage Canal File

CHAYTER

COST OF WATER IN THE SYSTEM

3

Nilz Barrages

Large Regulators

Irrigation Strucztures

Dreinaze Structurea

Irrigation and Drainage Fumrnstations -

Cveratioc.: and Muintenance Costs

CHATFTER

RECCMMENDED MEASUREMENT PROGRAMS

CHAPTER

A MATHEMATICAL STIMULATION MOLTL OF TIE
IRRIGATION DISTRIBUITTION SYSTEM IN =GYPT

Introduc:ition

b

o

Major Objectives of the lodel

Generzl Cutline

Major Concepts of the Model
Distribution Model @Nlements

Datux Reguired for ile Mocel

Files DPcscription

Present

Status of tte Model

’

'd

38

43
43
44
Ly
45
L8
48

kg .



(ii)

LIST OF TABLES

Table

[ A

Tabhle 2
Table 3
; Table &

Table 5

Tavlie 8

Tuble

w0

Table 10

i e e s e e A e g = e o e

s¢es N°

27

oLk

25

26

29

30

..32

33



Akl

(iii)
LIS?_SF ~I4AURLS
Numhga
Fig. 1
Fizs, 2-15
Figs, 16-19
\_‘

After Pace

)|

Sk



Acknewledgoements

Tois report was prepared by Eng. Gamil Mzhmoud
of the Master Water Plan sgtaff with the.assistnnce
of Jack Farmer, Other project staff provided scme
inpuat and comments on the computatiocn of the cocgt
of water., Eng. Bayoumi Attia prepared the sezstion

describing the diz:cribution model,
g

The report was typed and assembled by Mrs.

Vioietr Rizkalien,




[l B B | y
boNdy “ e
L T S vy el e o ~
Fnss yepord s one (CDAR O 0

Phose of the Mazter Plan fos~ W

-(-l.

3

Number Title
AL CE ——te
b vater Flanning : Methods and Thiee Alternative Yiang,
2. Water Deomands,
4 i Vater Supply.
] .
i & Groundwater %
5 « legulaticn St tudies, )
3
1 . Feir: -
5, Projecet Information Systen,
7 Water Quality, )
8. The Orgunization, Adminis“ra ation and Legal Framewosl:
Tor VWater Plarning,
D Water ond Wasiewater Studies Munizipal and
Industrisl Scctorsg,
2 EE Incdustrisl Wator Use and VWasteralase ProducLion,
1, VWater ianacamen: Conubilities o0f the LXIavial

" GG
Acuifoer Syoton o che NHilo
p

—

prepared to doswnent the WOrH dence Ly or for-

an¢ Usce LCCY 72/024 0 A complete lisi of the reports

Chnica

—
-
[
[ g
—
s
2
»
i
3

S Gl
Lhhe Tired

cr Rosources Development

pPared in {this geriecs is given bLelaow,




Numl}__g_::_ * Title

12, Sediment Processes in the Nile River,

13. Fisheries, Ecology, Health and Fish Farming.,

14, Hydrological Simulation of Lake Nasser,

15. Mathematical Model for the Upper Nile,

-

16, Agro Economic Model,

17. Consumptive Use of Water by Major Field Crops
in Egypt,.

18, . Hydrogeolcgical Evaluation of Environs of Lake Nasser,

1¢, Ikconomic Evaluation of Land Reclamation,

20, The Irrigation System.

The first phase of the project was executcd by the
International Bank for Reconstruction and Deqalopmcntf'
financed by the United Nations Development P;ogram, and
the Ministry of Irrigation was the Co-operating Agency.
Work began in October 1977 and the first phase concluded
in March 1981, A bridging project document was sigred in
March 1980 to extend the work to December 1981 and to

prepafe for a sccond phase commencing January 1982,

PIPN U WRIP Iy vor e




AL M Sl kbt a1k -.n.';...;n“,_

ha

Ak

o

CIHAPTLR 1

DESCRIPTION OF THE PHESENT SYSTEM

1,01 fhe Nile is the second longest river in the worl4d
bzing about 67CO Km long. It flows north waras from its
sources in the south, near Luke Tanganjza, up to iis

mouth at the Mediterranean Sea i the north.

1,02 The Nile River System and its irvigation and drain-
age system are unique as it has been developed over a

period of more than five thousand yeﬁrs- . Phe basin irri-
gati;n continucd to te the only nean of irrigatiou in Egypt
till the year 1820. In the year 182, it was decided to
intrna.duce the cultivation of cction & Sugar:cané._and it

war nscessary to start conveirsion of fhe basiu areés io;
perrenial tc allow cultivation of thosz two crops-_ The;ofi-
éinal system has had to be mediried to meet new requireﬁ?nts

after shifting completely to perrenial systeme

1,03 Tie irrigated lands in Upper aud Middle Egypt lie on -
the sides cf the river bank, exzept for Fayoum. The Delia
area which star*ts just below or north of Cziro is g=nicrally

divided into threc areas:- East, Middle and Weste.

1

1,04 Releases of water are marde at thc High Aswan Dan:
(completed in 13571) and Aswan Dam (1902). Water control &

distribulion are managed by Seven barrages on the mair. Nile



(2)

& i1ts 'two branche=. Theze harrages vere constructed to
fullfil two main objectivas eees The first was to gua~
rauntee basin zrrigation in low flonds e« and tho scc~
cnd was to oXlow the conversicn of basin irrigaticn io

percerial. The location & date of construction of the

existing ceutrul structures over the Nile dotnstream the

High Asw2n Dum are as followy :-

i‘— —
Gonitvel Vern Location Yzar of Late of i
e - D.S. comple- Strengthen-

. . tion ing or raz-

havenni Dam modelling
01d Aswan Dar: - 1902 l1¢12 & 1933'
F.sna Darrage 170 Xms 1608 ! 194¢& :

' |

Nay Hormadi Barrace 354 v 1830 ' - }
Assiout BRarrage 57 w 1902 1536
0ld Delta Barrage 965 o iBEy T 1901
New " n 965 n 3938 -
Z2ifta Barvage 1052 1502 1954

oinn Damicita

Dranch
Edfina Barrage 11/6 Kmgs 1650 - -

on Rusatta : :
- 5 Branch
NS T I '

This gives Zaven Nile reaches (1} Aswan — Esnae

(2} Esna - ¥Wac Fammadi (3) Nag Ylammadi - Aszsiout
(4) Assiout = Delia (5) Delta = Zitia
(6) Zifta - Yurascour (7) DBaltw -~ Edfira

(See Figure_(l)
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1..05 For MU2 varliy wec have dividad {iwe irrigzateo iands
into 50 cominand arcas. I'rom the =iaa.d noint 1" the pro-
Jectsy a canal command is defined as an area of cpproxi-
mately 100,000 greosrs feddans scirved f1on one St nore

sources by regulaters or punp scations fur which the in

flows are known. For the pProjjcct Agrc-cconomic model

runs, thiss¢ command areas we:re aggregated into 1% unaits

(=X
i,06 The Prainage Authoritiy aliso divides the agricul-
tural land into 152 drain cormand areas. Similarly, a
drain commund can be defined as an cren from which all
drainnge water lcoves through oney o1 more main drain
‘y outflow points or pump stations foi which dies-

charyos can e knowne.

1 .07 casic information on t': historic cropping putt—_
eran have been cnﬁpilcd by the projecct from the recerds
of the Hiniéfry of Agriculture on the bases of Adminis-
trative Liiafricts. To relate the disiribution System
data to ihe arcal :distribution of cIops, we have devel-

oped coefficient factors having the capability to exzta

=

Lr'

lish a relationship between canzl conmandszs drainage
commands and administrative disiricts with an acceptable
degree of accuiracy.

A Getailed descripticn of how those facters vere derived

ant thhei: use {¢c translfor data Trom one level to the

cihar was given in th« Second Interim Repert,




1,08 One of iire main applicaticns of correlation hot-

ween distribution system and areal distributisn of crops

is to compare the releasn patternus at Aswan or any other

major fiversion siie that corrcspond to changes in crop-

ing palie:ns throughout the system's command arcas
¥

FCR

The MWD project has prepared = sroup of Schematic diag-

rams for both irrigation & drainage system on the reach

levei fcr Upper Egypt and on the rezion level for the

Delta. These Schematics will give a useful knowledge of

the maia irrigaticn & ‘drainace network to be represented

in the distribution system mcdel (see figures 2 to 15).

R
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CILAPTER 2

SYSTie INVELRTCRY

2,01 The inventory of the Irrigation and Drainage System

ia part ef a larger data packnage tc be describcd in Techuical
Repori G " Project Informaticn s>ystem ", That larger systenm
viiore establiched to store and process data to serve three
purrosncs - the calibrution and application of the Agro-
Ecouiomaic modzl, the calibration of the distribution model
(21:d compatation of command area balancaes), and the prepa-
retion of an inventory of the phvsical components of the
ir:igation and drainagce system. Each of these files is
refecrenced to a different set of geoqraphical areas, The
duta in the sociv-economic file were drawn from acdministra-
tive districts which are the building blocks of the Gecver-
noratcs. The Canal data are filed according to 50 canal
commands, 15 group canal commands, and 7 Iliilec reaches, The
Drain file data are filed accorcing to 152 drain command

arcas, 3153 groiv commands, and 5 terminal componerts,

(1)

2.0% The gecgravhic boundaries foxr these three files do not
co-incide, All boundaries were sapped ana plénimetereda and
cocfficiznts were develored to record the extent to which
&rcas overlapped each other, Wit:l such coefficients it is
possible to compute what portion of which drain cormmand '
and administrative district is in each canal commard, what
portions of specifie cannl commands and administrative
districts are in each drain command, and what portion of
specific canal ccmmands and drain commands are in each
Acministrative District, In stumary, regardless of for which
of the ihrece sets of geographic boundaries the informaticr
was obhtained, it can be retrieved acccrding to the other

georzraphic becundar.es,




2,03 The kinds of data stered for the Cawal and Dra
aré listed helow,

n files

Irrication Caial file

« Canal command characteristizs : including nania,

gross comzand area and description of the canal

nel orl..

i « {anul grovp characteristics ¢ cluding name, locayid
t dovastream from Aswan asd description of canals
13

i . serving cownstituent com=and ar reas,

« Nile Reach charactezistics ! including name; length,
avarage width, and historic 10-day discharges and

wvater levels,

o r“lgutlon structures : function, hydraulie area,

and construction tygpe,

«» Cravity discharge sites : lccation, source of sapnis,

funciion, hydraulic characteristics, and historic

10-day discharges,

v *Ixrigaticn pump stations : location, scurcz of supply
furction, physical and hydraulic characteristics,

historic 10-day discharges and encrgy conswnption,

e Crossing wer ! numbey and arzsa of orenings, length

and tvpc of ce nstruction,

« Net contrib:tion identificers - linkuges requircd to

identify works that move waoter into, cr out of),

- canal ccmmands or group Somniands




Drainree Canal Tile

Drain Zlormxand Canvacteristacs @ name, gross com-
moendod area, nd desciiplica of networl: of draiis

it econtains,

« Nirain Group Command Charactericstics @ naine, locaiion
downestream from Aswan for retuyra flow poi=nt. doserip-
tion of cenals that serve i*s constituent dreinuags

cnmzands,

- E

ina s c’ures ¢ Tuncti rarauvlic area
. Drainage struc’iires 1 tion, hydraulic area,

construction tvpe,

Gravity Dischairge sites ¢ location, scurce of supplvy
(8 - g k] p. - %

i
flanction, hydraulic characteristics end histoxic

ota on 10~day discharge volumes
« Drainage and Irriz+tiva pump stations ¢ locaticn,
source of supuly, fuacition, phy:zical and hydreulic

cuaractari_rics, hisfosic date on 10-2ay discharge. -

volumes and energy consvmption, W M M e S TR

. Return Tlow identifiers ! lirkages with canal file
(=
to identify discharge -~.tes and pump stations that

recycle water te the irrigation system.

2 .04 At the %timpe thiis Techiniical Report was prepared tne
data Tiles were complete but the retricvyal progrems werca

semble manually

+

2 aaw = T -
nct all develowed, It was nezessary to o

n

tory dava prescnted om the folliowing pages (by refer-
znce to the 2ats sheets used as input to the Prnject Iniform-
ccently, an IEM software package (GIS) has
Yeen installea in Cairo, It can be usecé to activate procc:zss-
ing and veirievals from the system (including pre progranJed

formats for =
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TACLE (1)

—_—

d H&E\a‘.ﬂc-.\' ClzA R

Order Kms Total Xirs D ed Width s (meters)

< 2

5-10

> 10

Rav.>10

186 .1
L00 .y
458.9
672,

668.8

= 21b7 .0

LI B

458 .y

668,8

1691 .0
2056 .0
1201.6
32L.,2
go2.0

16v1 .0

2201.6

328.2

8ch.,0

3241 .8
3c€1.7
779.7
279.%
148 7

= Bi13.7

3251 .8

3961.7

148 .7

AW e Ak TR SR il

3208.5
3

3200.,5

710_8

71208

784

= 3636.5

1741.5

sb65 .5

344 .6

46 .8

38.1

8¢8,0

38.38

= 436.9

202 .3

17 .3

3C303.2

A
p B
[#e]
(a1
.
n

3551.7

14863 .1
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TARLE (2)

Tatal kas

— e

P e d ¥ idth o= {(meter s)

= 10

/s
s
f— -
[+
1
v

381,9
7850 .4
625.3 |
896
237.2

]
"
i
(3]
(¥
Ll
o

Nav >10l
[}
v 780 4

89 .6
237 .2

1376 .8
1706.7
716.7
154 .7
i35 ,6

1376 .2
1706 .7
718.7
154 .7
103 .6

1280.3

1990.,1
589.6

=4601 .9

19901

589.6 141.9

=3375.C

1353.0 !

(8]
(¥e]
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.
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1829

=3
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=J (&)
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i
e

.

wvi
-

47.7

800 .8

653.3
206,1

281 ,5%
52.%
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TABLE 3

i
T

Characteristics of

annwawnpo:.unucnncnon

.

Number of Structuras by Function, Hydraulic Area and Type cf Construction
Hydraulic Area hydraulic Frrea Hydraulic Area Hydraulic Area Hydraulic Areca
less than 3 sq.m .3 to 6 nyg.m 6 to 12 sq.m 12 to 24 sq.m greater chan 24 sg.m
Type Construction Conatruction Construction Construction Construction
RC ] P S T RC M P s T KC M r — s T RC M P 5 T RC M 2 5 T
INTAKE RLG. « 147 1759 | 1481 | — — 536 | 420 | 47 - — 225|172 |18 —_ — 79| 45 6 — — 57 31 1 - |-
¥ !
HEAD REG. 757 582 516 | — — 138 | 240 | 32 —_— -_ 116 96 | 19 —_ —_ 72| 517 2 e A 1 33 e =
WEIRS 9 4€ 10| — — 15 17| — — — 6 19 | — _ - 2| 16 — - —_ 15 7 - —_— —_
TAIL ESCAPE 73 48 | 1616 | — — 3 9 4 - So— 2 2| - —_ —_ 2| — — — - 2 —_ —_ —_ -
SPILLWAY 3 2| 126 — | — 2 2| - | = | — 2 2| — | = | - 2] 1| = -] - 6 S p= 1= 1=
. : . . T _
BRIDGES sas | 673 |1569| 8 | 212|184 | 266 |21 | 5 |306)1775 1129 | ® | 5 | 352 J1017) 71 )19 1 | 108 |847 | 23 4 25 |79
| ‘
e i
CROSSING WORKS 22 - 4| — | - el = | 44 . 2| - 3 = =, 7l — | 1 | — - 1| — | - - | -
" at,
Hotes t RC = Feinforoesd concrets 'H - Hasonry P = Pipe 5 = Steel T = Timber
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CHAPTER 3

COST CF WATER I TIIE EYSTEM

s 01 A reliable estimate of the average economic cost of
water in the nation's distribution svstem is truly impor-
tant becauze it would help decisicor makers to deterinine
where to allocate water and where noat to. Uses which would
vield an eaanomic return to waler superior 1o its cost
2ould gererally command priority over preposed allozations
where ithe cosl of water would be supericr to nnlicipated

returns.

3.02 The annual cost of water is the sur of the annual cos*

of operating tlie entire 1*r1gatlcn /drainage system: the

annual cost of maintainiusg il aad the annucl cquivaleut cf
2ail ncsessary <capital investment replacemenis over a givgn

period ol time. Detailed numbers on actual oudget c**crcltuxe

arc available; hence estimating operation and maintenapceﬁ-

Cc3"s rw-es ne serious problemse. Difficulty arises in that

theese values arey of courses financial cmes and not econcmic

Elecctric energy is an important elcment i» operating the

svstem and one where the market rete is markedly different
from the irue economic value (abour LE 0.007 vs .LE G.Cu2)-
Thercfore, in the followinmg paragrarphs, wicnever possible
the economis price of electrical encygy is used; the other

cost items cannot as yet be adgusteui

: A . -l
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q Estimating the annual equivalent cost of all
3 Io.d

cajpital

investmentz in thce system is more compiicated. It amcunts to

estimat:ing tlhe cost of future replacements in the system,

-discounting these 1o a 19280, or presen:t; vclue and ihen
g P

amortizing this value over the 2.ipzted useful life of that

replacement. JIn order to do this in a systematic manner, all

majoi structures and pieces of equirment in the system were
grouped in 2-way tables, that is according to the length of

useful life and the estimated year of replacenicrt.

3 .04 The replacement and annual equavalent costs of diff-
erent catcgories of stru-~tures. ar.: estimatad in the fellowing

paragrani;rz.— Chese are grouped under tlhe following headings;

Nile barrzzg=s5., 1

-—

3¢ regulatorss mnjor structures, irrigation

structures, “rainage siruciures and irrigatiovn/drainage Dumn~

stations. I-

the final parapraphs, ovberation and maintenance
r prajg I

. "9 r
o % » Z = e
costs will be added in order to arrive at the overail costs.—'-
3,05 Nile borrares.Of the 7 main bYurrages; 3 are scheduled
* P ——

te be replaced in thi=z century-. zmuid the others 60-75 years from

now as shown Zu Tatle ( 5 ). For the furpose of estimating %he

average cnst of water in the systems only Esna: Nag Hammadi

and Assiosut barrages rnsed ito be considered.

1! T« Aswan Yam complex has ncot been included here.

/ All data ard assumptions used here axre provided by the
P al

Irrdc=tion.

.
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TABLE ( 5 )
Annual cquivalent cost. for ﬂmﬁpﬁnwrm Nile Barrages .
I i/ _2/ /
Date Date Date Nniw Replacement 1978 Cost 1980 Cost Annual
Barrage Cempleted Previous _ﬁmaommwuw:m data | replacenent replacement equiv.Co
Remode - _ .
1ling
H ~ A_
mill L.E. mill L.E. mill L.E
Esna 1908 1948 Gates 1958 1980 - 1985 90 121.5 10.1
Nag :masazw“ 1930 e — 2000 90 1215 1.8
‘Assiout 1902 1938 - 1995 90 121.5 2.9
Rosetta 1939 - -~ 2039 80 } To be replaced in
Demietta 1939 _— — 2039 75 the next century
Edsina 1950 — — 2050 70
Zif'ta 1902 1954 - 055 75

1) Original estimates in 1978 prices.

o s It |

Sub- total of annual cquive.

- adjusted for 1930, adding 35% ﬁoﬂnvﬂwmmJWMOﬂmzaou from 1978,

3) at 10% of total replaccumert cost, :u

,:g discount rate 10% P.a.

eiul life of

75 years.

tez2l parts—

Cost 14 .8
3/ 0.5
Total 15.3




TAWL (6 )

Replacer,nat Dates "8 Cost of Large Regulators
i - I

Date Completed. Date Provious Date New Replacement 1672 Cost

Regulator democelling Remodeing ate Replace=-
~ ment

L.E.
«Phoun Head_Work 1947 2074 " million

olabia " " 1947 . 2074 4 "
26t Nag Hammadi Head Work 1930 2030 4 n
ezt 0 " " n 1930 2030 4 "
a <hrahilala Head Work +r8370 1902 1955 2050 1. "
ayah E1 Behiry lead Work 1939 2039 14 "
1 MNassery Head Work 193¢ 2039 ly "
i Menoufi n " 1890 1909 2010 14 i
1 Tawfiki » " 1889 1938 1956 2050 14 "
1 Sharkawiya Head Work 1888 1960 . 2050 14 "
1irout Group 1868 . 2040 o1k "
L Abhasy " " 1890 - . " 1970 2070 14 "
ahr Yoursaf " " 1868 _ 1962 2070 14 "
I Mahmondia " " 1834 : 1965 2070 14 "

: e | ! -

E.ﬁ.u u.s». c__—
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3.06 Larcc r-~uvlators. None of the 14 large regulators
shewn in Talle ( 3 ) is scheduled to be rerlaced in this
century; all repiacement is scheduled to take place during
a period ranging btetween 39 to 95 yecars frem now. llence for

purpose of estimating the average cost of water in the

Sys-—

tems the larye regulatosrs need not bhe cconsidered.
Irrication structures

3.07 Based on tl:2 system inventory, and the cstimated

unit replacements costs (1950 prices) pec: meter square of

hydraulic are¢n, an estimate of the aggregate 1980 reﬁlasc—

ment cost of the entire group of structurecs can be prepared

3.08 Useful lives of these irrigatsica siructures were estie-
- - . = e

-

1mated as indicated in table (7) is als> assumed that the.gﬁf T-

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 replaccment will -
be iden*ical in e¢very year.
Table ( 7 ) gives znnual replacement cost for irrigation

structures

Draincrce structures

3.09 Based on {h2 system inventory: and the cstimated unit
-

-

replacemert costs (1980 prices ) rer meter square of hydrzulic

area, an estimate of the aggregate 1980 replaccuant cost of




TAR

(2

)

Annual Replacement Cost For Irrigation Structures

r N m t
¥ B an AT s t
Eydrauli: Area M Uiist post of Total Cos
i) -
Type e¢f Siructurc | Replacerient 7 i !
R.C. | M. P. 5. T. | RC.+x4® | s, T
; L.Eo/M" |[LeE: ptitl |L.Eim&1}|L.E. il

‘ntake Rogulators 9405 888c | 3479 - | - 4000 65.29 = —
lead Regulators 6u72 5322 | 1383 —— _— 2500 12.94 —_— —
eirs 1039 879 20 P o 1500 2.91 - —
il Escupes 285 54| 3250 ] — — 1500 5.54 oo .
“”m..dd_..._nu:w M-wm u...-..M“@ M_mn_. = - M.U-O__D 1 u.m e Swamm
ridees h720% 5810 37216 1001 57537 | =500 200.%% 2.50 24.39
rassing Works "250 — 482 3 — 5000 367 0.02 — |

Tatal 320.93 2.52 2l .39
seful life 50 50 50 30 15 _
anual Pepiacement cosat m

L.Evw Million 12.84 0.17
Total . 16.26
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TABLE ( 8)
Annual Replacement Cost Fer Drainage Structurcs
| 2
; I A . e L. Total Cost
. : _ jvdrauvlic Areca M Wit coit of ;
Tupe ¢t Structare : ik S :
ke . Replacement

i i v Rels M P Se T NC o4+M4+P S 2 Ly

LB dM LeB.tmildl| LeZemill | LoDanid)

- — —_————

1920 e — 2500 23«12 o ' -
- — — 1500 0.34 o s
538 30z | 5888 . 2500 12727 001 {4 72

nrsing Worls 197 - 701 - - 5009 L8 — —_—
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0.81 14.72
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Total
seful life 50 50 50 7 13
nnnal Replacement cost

eite Million . 6.21 0.05 1.96

Tetal ... . ., - S ; 8.22
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the enlire Eraup of structures can be rrepvared.

3,10 Useful Iives of uhesc droinaze s1ructuros Wit estimatipd
a

@8 indicated in tabije (8) . Tt is aizo a

"

sumeds as in ihe for-

D T

egoinsg paragrapis that th: structuces are now-in the average 3

3
at cnve Mal? of thes,- useful life and that the aversgze annual -ﬂ
¢osl of replacements will be identical in every year. :

Irrication and drainace pvmpstations

3.11 The MOI estimatzs the total replac2ment cost of =1l

ivrigaticn and drain age pump staticns for the Feriod 19)2-

VT IS U T LS
Al T

2000 at about LZ 122 mllllon (1578 prices), corresponding to

Lt}
v

.aboul LE 162 milliow at 1980 prices. Accounting for the faeg

P
e
g

that about 40% of zhis Tepresents replacencnt works which

ught to¢ have taker pla-e beforc 1980 but which have been

deferrcd tn the Periocd beyond 1i3EC, the annual repiaccment

costs may be estimated as Tollows;

= ordinary annusl replacemant costs

= additicunzl deferred annuial replacement cosis LE

Operation and Mainter znce Costs

3.12 Administratively. those expenditures fall nto

b

oroadly

three categories, thosa of the irrigatson Dopartment and those

of the Tloctrical ard Mechanical, in addilion to trc¢ actuel

CXpenditure of operating and maialaning the digh Aswan Dawn an+
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(3

01ld Aswan Dap.
both chaptars: 1 & II of ihe

all

annual budge:! .

The firat includes the rctual cxnoenditure in
The sacord inclucez

expenditures necessary for the cperation and maiutenancs of

the nation's arrigation and draincze pu.n stations.

Operation & Maintenance

Costs L.LC. Million

Irrication Department:

Chapter I (Salzries & Wages)

Chapter II(Current expendi-
ture)

‘sub=total I..E. million

Flectrical & Mo:zh. Dent.

-——

Materials & Indisrensobles
Wagess Cperztion.

Waggs, maintenance

Spares

Maintenance Matzriais

Sub-total L.E Miiiion

Asvan Dam Antherit—:-
Chapter I
Chapter II

Sub-tc‘tﬂl L «E -

All COneration & Maint Costs
1/ 15% inflation
N/ IE0 ST, {4 ]
= D0 -.n-.ld ATl

1879 Exnenditure

12.03

22.07

34.10

1278 Expenditure

5.51
5.56
1.0€
0.32

0.18

1979 Exoenditure

Adjusted for 198C
13483

25.38

39.21

Adjusted {or 1¢%60D

1.32

0.62

14995
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The rrice differential in 1980 between the financial and ecoo

nomic prices of electric eicrgy is altcut LE 0.C3%/kWh. Esti-

mated enerz, cousumpticn for 193¢ is (735 x 106 kt¥he This

means that tiie "marerials indispeunsables"™ line in the abgve
table weould have to be increasced by LE 22.22 i“ energcy were

costed at its eccnomic price.

Estimated Total Annual Costs of Svstem

(LE million, 1980 values)

l. Capital goods

LE miliion -

Niie BRarrages 15.30 f
Large regulators —_ ﬁ
Irrigatioh structures 16.26 : 'E-
Drainage n S22 :%
Irrigation & drainage pumps : . T B.00 %;

R "'ﬂ;_'

Sub-total - 47 .88 &

_ _ | iﬁ

2. Uperation X Maintenance 58.43 fg
GRANT TOTAL g 106.36 %

3+ Encrgy cout adjustment 22.22 3;
GRAND TOTAL . ' 128.58 ;

Conclusicn:

- . ; 9 3
The Egyptian share of the Nile wat:rs being 55.5 X 1C'm”,
it follows Trom the above ralcalaticons ihat the average

cost of wate:r in the system cuan be estirated a2s fceliows:

-
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= ¢énergy costed at finaaciai Frice; LE 1.92/1000 mJ

: 1/

- L " " economic cost~ : LE 2.32,/3000 n3
|
|
|
: |

1/ _ .. ... . ;e e

_ = adgusting cnergy cost oniy; ail other cost jitems still

. equel to the financial cnes.
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RECOMMEMDED MEASUCEMENY PROCRAMS

‘ :
4,01 "The moxt .mportant and eritically necded nragram
iz the cne For mensurecment, Flows ~cleased frcm the Iigh

‘ and 03.d Aswan Dams are distrikuted to the agriculiural
lands and othcer users in s complex systvem of canals and

| draincs. Growing requirements for water have boen served
up till now by the system, but furthor increases will
require a very high standard of operction and management ,
It is accepted that an important stern in achieving that _
goal is to introcduce a betior starndard of accuracy in o
measuring water deliveries in the canal system and return

flows from the drains,

For the purposes of water management, water 33 siribution

gystem is divided into Irrigatici Directoret«=s and furiher o

i uid . " & o 1% -
sub-divided into command areas., Thz inflow to a command g .
area can be computled using weter level dat> aktove and below i |

cegulating structusres and rating crrves previously developed,

grams wcre developed many years azo, Now they may be in-
accurate ave. to s5iit deposition or erosion in the zhannels
ascve and beclew tlie structures, wear and tear on the struc- R

tures #thenicelves or even structural nedifications. So, it

\
|
|
. 4,02 o=t of the ratinz curves ani other calibrating dia-
is very imrortant tc improve on the zzcuracy of future flow B
cumputeticas by checking the previcvsly Jdoveloped curves
in addition to calibraticn of rew sites, Introducing new
- . procedures and wcdein equipments that are best snited to
«ach site will Tte thlhe ideal scliution,

L ,03 An assessme-t of " Critical Mzastrement Negeds " has
t

s
heen macde by thie M~

tr

er Weter Pl:-r staff to z2llow ior a




TR

better estimation of :-

1~

2-

3-

the loss and gain in the seven Nile reaches to
allow for a tettrter conirol of the amounts of

water to be released from A:iwan Dam all thc year
roeund to match with the actnal requiremonts,
Table (S) gives the number of recommended measure-

ment points for such study,

an improved water distributiorn between Irrigation
Directorates enabling the Ministry of Irrigation

to compute the jinflow to each directaorate accurately,
Table (10) summarizes the number of necded necasure-

ment poinzcts for such case,

the national water balance by having more accurate
figures for outflows tc the szea and lakes, Table
(11) indicates the number of recommended measmuTre-~
ment locations for national water balanze ctudies,
The total Yalance of the rcrommended pr:grﬁmvgives
286 locations needing immediate iﬁplemént:tion.‘.
.Secontly, current maters have been provided vy

MWP to the Ministry of Irriga%ion field staif and
arsangements ﬁave been made for the Hyvdraulic _
Res2arch Institute to train staffliﬁ the calibra-
tion of flew regulating strvctures, and the instal-
Jatian and operation cf water level recorders, Tais
training will facilitete implementatiorn. of this

urgent and critically needed precgram for caliLra-

ck

ing oy checking razn irrigation ana drainace

trueliuzes, .

n
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i L T ONE

(1)

TABLE ( 10)

Mumber 0f Reccimmeanded Measurcment Points TFor W

ater

DISTRIPUTION BETWEEN DIFEEEQRWTES

Region Pump Intake Head

Stations Regulaters Rezulators

Upper Egypt 1 - 3
Middle Egypt _ 3 5
Eastezrn Delta - 3 ' 9
‘Middle Delta - 8 6

Western Delta . 1 2
Total X 15 - 18
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TADLE

(11)

of Reconnorded Hleasuresant Points for wa

vional

vater

Balance Studics

Region

Punp.
Stations

Spill
Ways

Gravity
Drainage
outfalls

-1

Total

Eastern Delta:

- To Med. Sea &
. No;ﬁhern Lakes

. To Red Sea &
Eastern Lakes

ﬁ;ddle Delta

western Delta

(Ce}

B

11

[ ST

Nile
Borrage

12

&3

Total

19

Ja
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CHAVTIER §

A MATHIMATICLY SIMUTATICY MODRSL

OF THE ISRIGATION LFSTRILD AT ON SYSTI

——— e —— --—-—----. e

IN ECYDPT

v ——

Introdicrion

5.C1 Systenz engineering analysis offers a great rariety
of tcchniques for water resources planning., These incliude
imulestion, linaar, nonlinear anA cvneamic programming and
heve all been used witl: varying degrees of success in do-
riving oprtimum decvelormnient stirategies for water resources
development or utilization, The major complexities of even
relatively small water resources systers have restricted
the utility of the analytical approach teclhnigues, While
not neccessarily the most suitable in a1l suszs. the simua-
lztion approach does have the sidvantage that it is a Biﬁﬁle
logi.cal step foarward from traditional methods., It veguizes’
no great mathematiral skills, and it is versatile in Lhé.m;
sence that it may be adapted v ¢ wide range of problens -
at various levels of complexity depending on both the aims

of the study and the quality of tihe available dafa.-

5.02 As part of the activities of the UNDP/UNTOC projrct
EGY,”73/C23 ~ Assistance to the Eidraulis and Sediwmant =«
Research Institutc, a imathematical model of the irrigation
distribution system has been developed by Mr, James Nepec,

consulted to the above mentioned project.
p

5.03 His repor: outlined the methodology used in the wo-lel
anc dascribed ithe data required cnd the assumptions to be
m2de in its development .
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5.04 This Ehapte: of thc report. doesx rnov. intend Zo Five

4 Geteiled deseriprion of the simulaticn sodel,
o

but ratner

+

Ive & general outline of it, vith tWw2 n

n
e

ecessary warnings

nd limitacions o1 its uce in recl applications,

§§jpr OQieu+1VGs of tl:e Model

505 The majer ehjesiives of the wocel, as has beer stated

by Nemcc, is : to pruovide the ability

before the start cof the irrigation gl¢sen, +he dirrigation

Tequirements for oll the Nile bvasin belcw Aswan, within zhe

to dctermine rapid.:.,

Sonistraints imposed by Xznd characteristics, watex control

structures, water felivery and irrigation svstem amd other
crerating Proccéures; to allow multi-purpc

Systemm on a §5- dzy incremertal ba*ir; and te a

s ssists in the
day-to-day operaiisn of the system, .
23 . <@ M
5..06 " Uniortunatels, the Present version ef the model dees

3.2t fulfil the Predcecscrined objecti
Lrezrammivg erfort -(and cost) had beon invested in tlie deve--

lepment of this real-time operaticrail model ,

—_——aTra 31.__1:1_(_?._
5.07 The mathemaiical model of the iy>igation distrihuticﬂ
svelem as desio gned by Nemec is structured tou conziitute the
Dasic elvmentc of
i- A @emrnd sub-model that estimates the irrigation wate
Yeuuirements of 5n area siven its ¢ropping p=ttora,
crop ~alcondar, and climateoiogical characteristics,
ang,

2 Pzeitmient:

oL the EGY,/73/023 Project cntitiad "z Mathenatical Model

of ithe Irri Fati

se planning of this

ves, hovever & significent




(&5)

2~ A distribution sub-model that sums thesc roquiremcnts
thiouvzsh a node-and-braiich neoiwork represeatation of
th: water distribution systean to yield the accumu-

lated daoaind at varicus upstrea: locations,

5.08 The medel is meduviar in Cesicun, &s 3llustrated in
Figvres 16 and 17, Any part of it can be modified without
interfering with the overall design of the niedel. The major
prozramming effort in developing tue packnge was in the
developr:2nt of, thie basic file handlirg routines in the demand
sub-model which is far more suvphiasticated than Llic distribu-

tion sub-model,

5.09 Major paremecters of the model such as efficiencies,
leachiry requilrencnts of canal seepalke losses can be Sefined
individually for each unit areas or cach canal sectiorn., In
order to simplify the input to thc model, a standard vaiue
is defined for each of these paramctors - generally 3tamer

by €efault valuc - and specific values naad he ziven only -
when they differ from this standard value, L ‘._._~;}"
5.10 No optimization process is built into the codel., How-
ever, given a scries of different scts of conditions, 'che
results will dicate the best solution of those ronqloerrd,

w1ill) lecad the r in the rizht direcction and assist him L

t—‘ [T
f .1 0
U4

L
find an optim cne by additional runs of ihe mcd-l,

Major Cencepts af the Modsl

5wl Tiie major concentz used and develored in the model’

are deiincd as fcllows @
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inique sct of climatic Yariahles. Tn grneral it re epre-
Cemis the arce for wnich the datn collected at & given
retesrologizal staticn can be consjioored wval: y in
Particaiar ti: model regnires the iapui or he compula-
Yion of potential evapotranspiration in each ot the

deTained climstiea regions, Since crop craracteristics Dy

Yary with diffoerent climatic cenelitions, in vartisular their

Czopring xalendas-, they can be definea individually Tfoxr

any of the climatic regicns or agenexrally for all reaions

wihere no specific characteristices are cefined,

COQT:nd Areg

A cultivated area fnr which & specific crop pattern can
be defined ani fed by a2 unique irrigation cansl at a '
given point of its course, This coan be the tctal area
served by a canol frem a given regulétcr, Gr a rcrtion

thereaf wccerding to some admini-¢

H
)

Stive bourndary, the

arcz served by a major Irazni, 0 othe roncldnrahlons.

I
It ran zlso be the total area serves ty a group of Pumps
that can bSe consideyed lumped together in onc single

poivt of the systom,

The cominemd arez is the unit for which the irrigation

demand is couputed as o whoie and whose influcnce on tns

system is then computed upstrean of its appiicaticn nocde

T b .. . ~1 -
Node Isdaierinra Syvotan:
Shaas 44 i 20

A ncde i{s any point of the system al which the flow of

vater s defived (Fagure 18). A Tegilazer serving 2 com-
manc &rea isc concepiualiized as a nocde, ine peint of water

wilindrawal for munic: >l and industrial wase is aiso a
r’
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iz 43 be ceirsvied, Arricultural, municiyal or ircdustrial

fisvz, car ke cinsidered ac scharate rnodes, Retvrn flows

Every neod: i& ascsicnead @ unigue five-digit identificntzeos:

-

desorn?




(11 v )

The mumb.ring systea is devised ¢3v the busis of
davicing fhe River valley inn*o sevoan reaches. Rach
rcach ig bounded LY tve rajer barruiges., The Cirst
digit tc the left =zpeciries the resch, The seccond
digit to the left specifier the typs of nucde, whethoar
wiioer i1s withdrawn or retursed hy the gravitr or

inng. The third and fouril: digicis srecify the

< it zpecifies the
ndividual comnand arecas, ALl the nodes to the ~ight

i
banrikk of the river will take z2in even nuwiber, whiil:

"
»

=
e

nodes to the left bank will take 2n odd nunber,

The attuched Tables 12 an 25

of the canal group command, which is defined as the
the area sarved by a first order off-tzake from tirs

Nile and made up of one or morc command arzas,

Reiurn TFlow Node

A node 2’ vhich the return flows of a command arca
r the riiurn flows acsovcizted wiih muaicipal ana

Irdustrial demends are returning into the systew.,

deturn flows are ireated is negative dema—d., T
Cron Paticrn

A list of the net cropjed area for eac .rocp grown
commiznd areca, A crop nmattern iz inpuat to the
demand cnc-model, and is ¢ :fined with two paraliel

ayve containing the crop nuwrbers and the corrcswvond -
c

e tiwe dacrement ¢f tiie mcdel (Fericd) is Cefined
as one <ixth of a monthh ur 5 days, Thus a calender

yenir fecrteains 72 periocds,

Model Purction
Thae madel is sct up te smirulate one yzar of eprrations

represent tha node numbexrs




for the ag-icultural dema=d 4s well 2s the distribua-
tion wmedeld s
Distridbution Modei Elesments

- ————— -——— . - ——— -

L 1o The elements on which the distribution model are

based san be defined as follows (seeo Figure 19).

- Gerocrnoetry
et

a- Unstrear node nuaber

b- Downstream nocde nunber

c~- Canal sccticn buetiween +wo nodes defined witl ite
time la:; "and loss facior

d- Up to 35 Freviously simulated canal'se;tions takine

their wnater from the elements upstream node.

- Demards defined at the elemenis upstresa rrde ¢

a- Agrieniiural dcmand
b= Municinal demand : : I
¢- Industrial demand,
- DRevurn Flows defined at the clements upstrezm node @ -
smEmE i S owS

a=- Agriculiural return fiows

b- Munjicipel return fiows

c- Industrial return flows. s ' 4

Data Rejvired fesr the Model

54%93 The asricultcer

three tries of date .,
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C e

S et T distribution nodel requircs a2+ least the feciicw-
7. Tive 1voes of datag
A The reccults of the egriculiuril demond model of
the agriculivral demard at e Very command avrea,
- Municipal waier demana ;4 und theil point of
ap=lication,
¢~ Tncusirial water demands, and their point of
application,
d- Cana2l characteristics for every cznal section
inclueding time-lags and losses factor,
e~ & description of ih gecometry of the svstcem with
canal sections representing the link between twn
’ nodes logicall: and secuentislly defined firoum
cdownstrean te upstreom,
File. nﬂsCPiRﬁiCi
b P The-files used by the model czn e Qivided nta twe
categn-ies, Thero arc ten primery input files:and tro filoas
ccntainin

nteimediautle &na final resul+s, Table 1% lists -
e es wiin their names as used by the modal, Tre
=elel is set up so that the filec used as input by a program

can actwally re loaded by any other nrogram.

5.15 tmother li:zt of programs used for handling these
files and carrviag on the different coemputations are showrm

iz Takle 15,

5+17 The Master Water I'ian project imberitsad the partially
5 documentes seti of Sompuler programs thuet had been develcred

Cnader the Tormor UNBR/UNDICC preject(=EGY/73/223)
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%5 .18 At that ti.e there was no fully te

sted ang docamoenzted

rrogra= piackosge, there we-e no fellow-up prans for ctiain-
2nE the requirecd data inputs, and worlk Lad hardly started
YL preparation o= nwodel catibratio:: Hoitcover there wvas not
eVen a fenestal e&cseptrace within Yerigation
Oof semaz majisr concepts used in its forpm:laticn, (e,

funntive uce buscd ecstims-les of

the Ministry ol
. con-

diversisn reguiremcnte)

p=2
n

kol U s X

g}
n

ant part of the total Progrlamming e¢ifoi*t had becn

i
spent in developing a rodule to comjpute those estimates. el

the resulits cbtrainad show great diserepancies when comnars

with those obtainecsd on €xjerimentol basis, These discrepancian

Probabiy resulted from +hoe metholds! used in computing the

potoatial evapotrasspiretion (ETO) using onre of the known .
theoretical methods (such a= Penman} withecut the necessary 2
caliL,ration of its constants ans parameters, Lovever, -

accepted values of consumptive uze can be loadey Miirectly into

cne o the model files aind czn be ased, thereafter, Ly the

other prograns of +he model , ) ' g %

519 Iz ~hould be noted alse thit the availavle pregrams

do 1ot constitute o truc flow rouiing medel, It takes no ; §
a~count of level or Gischarre capacity conztraints, and ;;
effccts withiin cHh“nel~ or in the pools abhove Darrages are EE
not included, &
5420  Given the complexity of the Egyptiun ir rigation and
Crainzce syctem, and the major data gathering effcrt requirsed g
TO supno-t any seriocus at+empt to colibrate i1he model, it i
Woas decided by the HWP tec de :fer czlibration until the projcctdi ?
infermation system was operaticnal, ’ ;
S No:r that %ne datz are "wailrole in the project irfar- 3
motion syitanm, 4the cnalibration 0 the mudel cesa hegin, From :
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TALLE 13 '
LI O _M6H7 Mninine
Boach 1 MEAC & Coond )
D.S. ASTAY Day o 10050 LT SALLI »,.&,° 412ho
PUMP STATIONS D.5, ASWeN {275 1102¢ KCPL'WT ISL,. . . . hynh,
CLD EALLAZ A P.S, 21640 DALR EL MAYMIUR PS5, b8y
RESLAR T . 1UTQL0 EL KGarMar p.s, 11300
NAMAZL P.S. 11010 ELLEITIYY P.S, 43320
ASFCN o, 10030 BGUIAKIA P.S. 41340
D.S. Z3NA B, 2000C ISMAILIA C, kacho
SHAREAWIA C, kooo
Roscl 2 ADU L MENAGA P.S._ 41360
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EAST N*4 HAMMZDI C, , P60 WhaNe 2. 40050
MARAREDA P 3, 21030 MmOREER By hoa20
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WESY KAR HAMMAPT Y. *0030 NASSIRI R, koo 10
D.S. NAG HAMMADI B, : C i g
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_ BIACH 3 PuYR EL SASLI 50020
: ABU EINMAR P.S, 31010 FCw M7, ' 510hC ;i: iy
CERAKIMIA C,, . 30020 KHALIG EL K2N F, ° ;2 5006052
- : SEAMZUIKA F, ' 500080 o=
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J - . EEW 2TF P.S. (MAIDMOUNTA 51618 -
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TADLE 14

FILES ?E?CRIP?ION

Number g I Name Cintents
11 LN - MOITHLY Monthly data by month
i2 15 - CROPS Crop ¢hraracteristics by
cror & by climatic region
i3 ~JDiN - ARELAS Croppin: pattern by
command areas
J : ) 14 IDN - CANaLS Canals propertiecs by
]
) : . section
15 IDY - PERIOD 72 pericd values for STO-
Rainfall and G, Water
b = ' 21 IDN - AGRO Agricultural demands Ly
' . cummand arcas -
22 IDN - MUW Muniecipal demands
| . S '
| 23 I - IND " Incustrisl demands s T
| 26 IDN - AGRF Agricultural return flow = =
| - - ' . iy ) 'I."
| v 27 IDW -~ MUNRF Municipal return flow ™ .
28 " IDN - INDRF Industrial return flow
31 IDN - NODS Completa results of . = |

carreat run, demanis at every

node ot the systcm,
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PROGLAM LISCie: I’.'T(".‘i

1= Acricultural Nemondg Sub-Morle

_ Trogram

CF 11 Creates Tile 1.

Ir 11 Loazs piomilily date in File 11

CF 1i5 Creatcs File 14

I 45 Computes aad Joods pPr:icd values in File 15

1F 12 Loads ci'op charactcristics in File 12

cr 13 Crrates “ile 13

. IF 13 . Cemputes and loads crop pattam in File 13
oT 11 lists contents of File 11 2
- OoT 13 Print-out a sumsary of selected
e : crop patterne frem File 1)

-'. L cr 21 Creates File 21 .
o8 g, PENC . Computes potentisl Evapotranspiration 2
; ' ' ” - . ?y Penmas. eombdinatiion method,
g - ; B CAID

Computes agricultural demands for all

—_—

command areas

!

2- DNistribution Sub-Model

% ¥ crF 1L : Craates File 14 .
b S S S
% > - s T A R Load canal choracteristics in File 14°
X ' CF 22 :
y
X CF 23 - _
: @ = ’ cr 26 j Create Files 22, 23, 26. 27, 28 A
: ) . com gl >
. ’ a2 CF 27 Z‘
- cr 28 . B
. I 15-20 Loads mnathiy Zaia of industrial and muaicioal %
N dermands and 2ls0 afmrcultural, municips) and 24
S indwetrizl refurn Tiowe
p T CF 31 freates File 31
; - LoD Computns diversion 1 eqiiirements ;
oT 31 Prints scle:ied results of diversion ;
requirexents frea Sile 21 s
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' Pefault f gricul
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File 13 Sy \
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FI1C 37 :
! . :
' SCIHFEMATIC DTACRAM OF 'fHX DISTRIBUTION :
MODEL i
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> Cnaracteri- S -
! stics | - ‘
i File 21 i
i \ IDN - AGRO :
] !
: File 14 ]
i CFl4 CANALS
Pt - S
|
i CFrez2
3 ’
! 2
i
i . !
! CF23 \ -
File 23
IDN - IND !
' \ Agric.
Monthly IFz0 ¥ Return !
; data | \ : ' Flows :
| File 26  \ i _ ‘
| CF26 IDN - AGRF i
& Fiie 27 ) ;
CF27 r ” f
IDN - HUNRF :
- : :
1. - File 2¢ N : 5 H
- CF2S \ = !
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l .
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-

] ASU HOMMAR P.S.
W. NAG HAMMADI C.

o DERB P.S.

MARASHDA P.S.

JASEFNT €.

NAMASA P.S.
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F1a 10

AIN RIVER NILE

L7 . .

N—» #1320 EL LEITHY P.S

41220 E1 XZRMIMAT P.S.

41280 UAIR EL MAYMOUN P.S.
41260 FL KCRI'AT ISLAND P.S.
41240 BENI 3ALEH P.S. :
41220 BENI SOLTMAN D.S.
41200 BA1AD EL ARAB P.S.
41180 SHARAHNA P.S.

41160 SHIEKH FADEL P.S.
41140 ShIEKH FADEL P.S.
41120 GEBEL EL TAIR P.S.
41100 KERDAHI P.S.

41000 SAWADA P.S.

41050 TEL EL AMARNA F.S.
41040.DAIR ABU HINESS P.S. _ : |
41020 GABAL P.S. i |
4000 D.S. ASSUITE B. |
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