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PREFACE : 

The 'Reuse of Drainage Water Project' is a joint 

activity of the technical agencies: 

Drainage Research Institute (DRI), Giza/Cairo-Egypt 

and 

Institute for Land and Water Management Research (ICW), 

Wageningen, The Netherlands. 

The Project is funded by the Ministry of Irrigation 

of Egypt and by the Ministry of Foreign Affairs of the 

Netherlands in the framework of the joint programme of 

Technical Cooperation between Egypt and the Netherlands. 

The Advisory Panel for Land Drainage in Egypt acts 

as steering committee. 

The results of studies, carried out in the 'Reuse of 

Drainage Water Project', will be presented in preliminary 

reports and in a final report. As such the contents of 

preliminary reports can vary strongly, from a simple pre

sentation of data to a discussion of research results with 

tentative conclusions. 

All opinions, conclusions and recommendations in these 

reports are those of the cooperating Institutes, and not of 

the Ministry of Irrigation of Egypt or the Ministry of 

Foreign Affairs of the Netherlands. 
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SUMMARY AND CONCLUSIONS 

For the period 19C0-1983 the discharges 

and salinities at a number of locations in 

the Nile Delta were determined. Data con

cerning discharges of pi'mping stations have 

been obtained from the Ministry of Irriga

tion. These data were corrected for pump 

efficiencies, as determined by DRI. Discharges 

at open drain locations were derived from 

stage discharge relations, also established 

by DRI. 

Per Delta region the data are presented 

on a monthly base. The average yearly dis

charge and the weighted salinity were cal

culated. For the whole Delta, with an area of 

4,551,000 feddan, the total discharge of 

drainage water is 16,447 million m per year. 

At least a quantity of 2,271 million m 

with an average salinity of 992 parts per 

million has been reused. A total of 13,726 

million m , with a salinity of 2,378 ppm, is 

yearly discharged to the Mediterranean or to 

lakes in open connection with it. 

The Bahr El Bakar drain discharges about 

one billion m with a salinity of 1,290 ppm 

to Lake Manzala. This water is hearly polluted 

and it is considered to be unsuitable for 

reuse. 

About 6.3 billion m in the salinity 

class 1000-1500 ppm is available and about 

2.5 billion m in the salinity class 1500-

2000 ppm. 

Assuming that only 80 % of the available 

drainage water in che salinity class 1000-

1500 ppm can be reused, about 5 billion m 

per year is available for reuse. Using this 

total amount, then an additional amount of 

Nile water of about 5 billion m is required. 

This is only true it the salinity of the 

mixture should not enceed 800 ppm. 

Accepting an upper limit of 1000 ppm, 

about 2.3 billion m Nile water is required 

for mixing. If, however, the available amount 

of Nile water is limited to 2 billion m while 

the salinity of tho mixture should not exceed 

800 ppm, then only 1 - 2 billion m drainage 

water can be reused. Increasing the salinity 

limit to 1000 ppm, 3.9 - 4.6 billion m drain

age water can be reused. 

It should be noticed that these conclu

sions are preliminary and can be changed when 

detailed analyses are available. 

A preliminary estimation is made of the 

irrigation efficiency, the seepage rate and 

the fraction non-used irrigation water quan

tity for the Eastern Delta. 

The efficiency is derived from the ratio 

of the salinity of drainege water nowadays 

reused and the salinity of the irrigation 

water. A figure of 0.72 is derived. 

The fraction non-used irrigation water 

is estimated considering the whole Eastern 

Delta as one system. A fraction of 0.18 could 

be derived. 

Based on the same approach the upward 

seepage rate is calculated. Assuming a sali

nity of 25,000 ppm of the seepage water and 

an area of 425,000 feddan where seepage is 

present, the seepage rate is about 0.3 mm 

per day. 

From the course of salinities it could 

be concluded that a steady state situation 

probably exists of the salt balance. This 

means that the total salt content of the soils 

hardly changes with respect to time. From this 

it can be concluded that upward seepage of 

high saline water is predominant for the ul

timate drainage water quality. 

A comprehensive analysis of seepage and its 

salinity is recommended. 

As reuse of drainage water is limited in 

relation to the quantity available Nile water 

for mixing to the given maximum concentration, 

further investigations are required to deter

mine the maximum salt limits of irrigation 

water under conditions prevailing in Egypt. 

At this stage a fraction of 0.16 of the 

total drainage water is reused in the whole 

Delta, with a mimimum of at least 0.11 in the 

Middle Delta and a maximum of at least 0.19 

in the Eastern Delta. 

As at more locations reuse is observed, 

the measurement programme needs an adaptation 

such that estimations can be made of the ac

tual reuse quantity. 
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1. THE NILE DELTA 

1.1. I n t r o d u c t i o n 

Since 1980 the salinity at a number of 

locations in the Nile De)ta is determined on 

a routine base. Discharge measurements at a 

number of selected open drainage locations 

are done to provide possibilities to asses 

the potential for reuse of drainage water. 

Discharges of drainage - and reuse pump

ing stations are obtained from the Ministry 

of Irrigation. These data are derived from 

the number of working hours and a guarantee 

capacity. In order to calculate a more precise 

figure of these discharges, the efficiency of 

the pumping stations is determined by cali

bration measurements. In this report the data, 

provided by the Ministry of Irrigation, are 

corrected for the pump efficiency, if avail

able. 

The water salinity is determined from 

chemical analyses. Naxt to this, for checking 

purposes, the electrical conductivity is mea

sured. In this report only the salinity, ex

pressed in total dissolved salts and the elec

trical conductivity are presented. More de

tailed data on this item are presented in the 

Reuse of Drainage Water Yearbooks. 

The aim of thi s report is to present the 

discharges of drainage water, its salinity 

and to give an analysis of the obtained re

sults. In so far suicaMe data are available 

it is attempted to make estimates of quanti

ties of drainage water reused. These quanti

ties are apart from the quantities, discharged 

through the big reuse pumping stations. As at 

a number of locations small pumps withdraw, 

officially allowed, water from the drainage 

canal systems the estimated reuse quantity 

can be considered as the non-officially mea

sured reuse. 

Not in all cases the reuse quantities 

can be determined. This has to be kept in mind 

when the presented data are used to consider 

the possibilities of using drainage water for 

irrigation purposes. 

Although the data are averages of the 

period 1980-1983, the auantity as well as the 

salinity of drainage water are subjected to 

changes as soon as the quantities of supplied 

irrigation water are changed. 

Data are grouped per Delta region and 

the results are commented. 

A global water and salt balance of the 

Eastern Delta is made and an estimate of the 

seepage rate in that area is presented. 

Conclusions with respect to the avail

able quantities of drainage water should be 

considered as being tentative. Detailed cal

culations, at the level of catchment and on 

a monthly base are needed to refin the con

clusions. 

1.2. S y s t e m a p p r o a c h 

For data checking purposes, the esti

mation of non-measured deliveries to the 

drainage system and estimation of reuse quanti

ties the network of drainage canals will be re

presented by a system. Such a system can be 

considered as a series of black boxes with 

for each one an input and an output. 

In this approach a drainage catchment is a 

system with the irrigation water quantity, 

together with the salts as input. Output of 

the system is the drainage water quantity, 

including the salts. The conversion processes 

from irrigation water into drainage water are 

not formulated in this approach. These con

version processes can be represented by a re

lationship between input and output. 

A feature of the system is a storage capacity, 

for both, water and salt. Changes in both can 

be present. 

The amount of irrigation water used in 

agriculture depends on the amount supplied, 

the water duties and the capacity of the ir

rigation tools. Besides that a part of the 

supplied water is used for other purposes than 

irrigation. In some cases drainage water within 

the catchments is reused for irrigation. It 

also occurs that drainage water, already dis

charged to the main drainage system is reused. 

The latter amounts are additional to the 

amounts of supplied water (see fig. 1). 

Defining now the following symbols: 

A - area of the catchment, feddan 

E - on farm net irrigation efficiency 

q. - irrigation water supply to catchment m 
per feddan per year 

c. - salinity of irrigation water, ppm 
1 3 

q, - drainage water quantity (gross) m per 
feddan per year 

y - fraction of water, not used for irri
gation 
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Fig. 1. Drainage Catchment system 

c , - salinity of drainage water 

a - fraction of drainage water, reused in 
the area 

The quantity of drainage water is a 

fraction of the quantity water used for irri

gation and a fraction of the supplied water 

used for other purposes in the catchment. 

The quantity of water used for irriga

tion is: 

:i-T) q. + aq. (1) 

The quantity not u^ed for irrigation is: 

Y q i 

while the quantity Oil drainage water dis

charged is (l-a)q. The latter quantity can 

be given by the expression 

(l-o.)qd = (l-e)(l-Y)qi+a(l-£)qd+Yqi 

From this the tota? drainage quantity is de

rived : 

(l-e)(l-Y)+Y 
-q. 

l-(2-e)a 

and the quantity drained out of the catch

ment: 

^d,r = (l-a)q. = n-e) (1-Y)+Y 

1-a (1-E) 
(2) 

If for example e= 0.8,y = 0.2 and a = 0.2 
t han qHr. = 0.38 q. and when E = 0.75, q, = 

ar l -i(3r 
0.43 q. . 

The overall efficiency is: 

; i -
M , r . 

q i 

(l-e)(l-y)+y 

1-a (I-e! 
(3) 

If there is no change in the quantities of 

salts in the system, than the salt balance 

reads (no seepage or leakage) 

c . q . 

So : 

c . 
l 

c d 

= ( 

(1 

1-a 

- a ) 

<3i 

' q d ' 

q d 

' c d 

(1-

1 -

- c ) ( l 
a 

1-a 

- Y ' 
( 1 -

l + Y 

-e) 
(4) 

When seepage or leakage occurs this quantity 

changes the drainage quantity and quality. Lea

kage water is assumed to have a salinity, 

equalling the average salinity of the drainage 

water. Seepage has a salinity equal to that 

of the deep groundwater, c . 

The leakage quantity is denoted by q , 

its occurance by 6=1, seepage by q and its 

occurance by (1-5). So if seepage occurs, 6=0 

In this situation the quantity of drainage 

water generated is: 

(l-a)qd = (l-e)d-y) qi + a(l-e)qd + yqi 

- 6 q i + (l-6)qs 

-&ql +(l-6)qs 
= (l-e)(l-Y)+y 

qr + 1-a (2-e) 
l-a(2-e) 

and the amount of drainage water: 

qr . ( 1 . a ) q . 11=nn=ihi 

;i-6)q3-6qi 
(5) 

Again assuming no change in salt storage in 

the soil, the salt balance can be expressed as: 

: i q i " 6 c d - q l + ( 1 _ 6 ) c s q s = ( 1 _ a ) t ï ( 

and 

-,. «--, ~ c ,q d d d^r 

i q s , r q r q l , - 1 

q i q i 

The drainage system, representing the canals 

has as input, the output of the drainage 

catchment system. Most of the input is through 

pumping stations, partly through drainage by 

gravity. 

Seepage to or leakage from yhis system 

can be present. Changes of salt - and water 

quantities in a long term period in this sys

tem can be neglected. This means that the 

total inputs always equal the total outputs. 

Considering a part of the system, the input 

from whether gravity drainage or a preceding 

subsystem is denoted by q , salinity by c , 

discharge from drainage pumping stations by 

q . , i is the sequence number of the pumping 

station and the salinity by c^ ;. Reuse 
P»i' 



ru,i ' 
through pumping stariens is denoted by q 

its salinity by c , ., direct reuse by q , 
ru • l J ^cd 

respectively c r d and seepage or leakage by 
q s ' c s a n d q 1' c u" T h e s v s t e m output is q 

with a salinity of c . Leakage is indicated 

through 6=1, seepace by (1-6), with 6=0 

(see Fig. 2) 

Q .c 

input 

Vco~ 

direct 
reus*? q c 

' r u . j ' ru.j 
a . t 

leakage • ^P 
q, seepage 

»-»-outputq ,q 

• drainage pumping station 
o reuse pumping station 
A open drain location 

Fig. 2. Drainage canal system 

The water balrnce of the system can be 

given as: 

q = q +6q,+(l-r3)q -q , + Eq .-Zq 
^u ^o ^1 Ms ^rd ^p,i ru,] 

and the salt balance: 

c q = c q +6c .q-, + (l-o)c q -c ,.q -, 
u^u o^o u ^1 sMs rd ^rd 

(7) 

Ec . .q 
p,i ^p,i 

Lc ..q . (8) 
ru,] 4ru,] 

Table 1. Items of water- and salt balance, cal
culated with given magnitude of others 

% 
q p , i 

r u , j 
q r d 
q l'% 

% 
c o 
c 

p« 1 

rd 
c 

s c u 
C ru , j 

C 

N 

N 

0 

0 

C 

N 

N 

0 

0 

N 

N 

N 

N 

N 

C 

0 

C 

N 

N 
c +C o u 

2 

0 

N 

N 

f 

N 

M 

C 

0 

N 

N 

N 
C +C o u 

2 

0 

Ï1 

N 

N 

W 

N 

C 

C 

N 

N 

N 
C +C o u 

2 

N 

N 

N 

C 

N 

N 

0 

0 

N 

C 

N 

0 

0 

N 

N 

N 

N 

N 

0 

0 

C 

N 

N 

0 

0 

c 
N 

N 

C 

C 

0 

0 

N 

N 

N 

0 

0 

N 

N 

N 

N 

N 

0 

0 

N 

N 

C 

0 

0 

N 

C 

N = known 

C = calculated from water- and salt balance 

O = quantity assumed equal 0 or as defined 

Depending on the measured terms of the balances 

the magnitude of not measured ones can be cal

culated from the water- and salt balance of 

the system. A number of possible combinations 

of measured and estimated terms is given in 

table 1. Table 1 also can be used to deter

mine the type of measurements required to 

calculate the other terms. 

For the drainage systems, composed of 

several sources, delivering drainage water 

to the system, the water- and salt balance 

approach will be applied to check measurements 

or to calculate unknown terms of these bal

ances . 

1.3. D a t a e l a b o r a t i o n 

Discharges of pumping stations are ob

tained from the Ministry of Irrigation Head

quarters in Cairo. The Ministry collects the 

basic data: everage lifting head, number of 

working hours per pump unit and electrical 

energy consumption, from the Irrigation Di

rectorates. Some checks on calculated dis

charges are carried out either by the Minis-

tery or by the Directorates themselves. 

In some cases, the provisional data from 

the Directorates can deviate from the final

ly published data by the Ministry. For this 

reason the figures, provided by the Ministry 

are considered as the primary source. 

For each pumping station the efficiency 

is determined from calibration measurements, 

if available. The efficiency is set to 1 

when no calibration data are available. The 

calibration data for each pump unit: lifting 

head and discharge, are combined for each 

pumping station and a curve is fitted. A 

rating curve for a pumping station is thus 

obtained. The average lifting head of that 

pumping station is calculated from data pro

vided by the Ministry of Irrigation. From the 

rating curve the pertaining average capacity 

is calculated. This figure is divided by the 

guarantee capacity, based on which the Minis

try calculates the discharge of the pumping 

station. The result is called the pump effi

ciency. 

The calculated discharges of pumping 

stations as given by the Ministry are multi

plied by the above mentioned efficiency fac

tor, yielding the corrected discharge, in 

the tables presenting discharges, the latter 

figure is referred to as calculates discharge 

by Drainage Research Institute. Data on ca

libration results are published in the Reuse 

of Drainage Water Yearbooks (in press). 



Discharge at open drain locations were 

obtained, partly from float measurements. 

Because of the possibly large number of dis

turbing factors encountered in this measu

rements, results should be considered ten

tatively. Discharges obtained from water 

level measurements and stage discharge re

lations are more reliable. Concerning these 

measurements it ihould be noticed that 

water level measurements are made once per 

two or three weeks and could be subjected 

to deviations due to periodical changes in 

the discharge wi :hin the period between two 

successive measurements. 

All data entered on a mass storage of 

a HP-85 computer through the programme 

VISICALC, developed by HP. This programme 

enables the user to carry out a limited num

ber of manipulations with data in a matrix. 

When from a series of data an average must 

be calculated, missing data are excluded 

from the calculation. Multiplications of 

data, one of which is not available, is 

performed using a zero for the missing num

ber. 

Such incidences are restored manually 

by typing a NA-label in the position of the 

result. However, all results are checked as 

some are possibly not corrected although -

this was required. 

1.4. Q u a n t i t i e s - a n d s a l i n i t i e s 

o f d r a i n a g e w a t e r 

For each location the average yearly 

discharge and the weighted average salinity 

is determined. Suostracting from these the 

quantities reused provides the quantities of 

water drained to sea. These quantities are 

available for irrigation of new areas, with

out affecting the actual system. Its sali

nity, however, determines the limits for 

its use. Although in this report the sali

nity is used to classify the quality it 

should be noticed that the salt components 

should be considered as soon as this water 

will be reused actually. 

The quantities of drainage water reused 

are the totals of th= discharges of reuse 

pumping stations and the quantities not 

measured. The occurence of the latter is 

diffuse and hardly to determine. In order 

to estimate reliable data on available quan

tities drainage water, those quantities will 

be considered, that are discharged to the 

Mediterranean Sea or to the lakes in open con

nection with it. 

Table 2 presents these discharges for 

the three main regions of the Nile Delta. 

From table 2 it can be seen that a number of 

pumping stations deliver very saline water. 

Most probably very saline seepage water is 

the main reason for this phenomenon, rather 

than leaching of saline soils. Evidence for 

this is indicated by the fact that at most 

outfalls no significant change in the sali

nity is present in the long term. 

Table 2. Discharge of drainage water to the 
Mediterranean Sea (1980-1983) 

Pumpstation/drain 

Western Delta 

Max PS 

Tabia PS 

Barsik PS 

Borg Rashid PS 

Edko Drain 

Middle Delta 

Zaghloul PS(18,000f) 

PS no. 11 

Nashart drain 

Lower PS no. 8 

PS no. 7 

Tirah PS 

Bouroulos PS 

Gharbiah drain 

Drain no. 1 

Sanania PS(18,OO0f) 

Eastern Delta 

Farasqur PS 

Lower Serw PS 

Matarya PS 

Hadus Drain Bridge 

Saft PS (estm 70%) 

Bahr Bagar Bridge 

Bahr Bagar PS 

Total discharge 

Discharge 

10 m /year 

2,187 

538 

225 

± 30 

1,142* 

4,122 

NA 

413 

538 

359 

306 

373 

33 

1,518 

1,625 

NA 

5,165 

247 

632 

218 

1,667 

414 

1,078 

183 

4,439 

13,726 * 

Salinity Remarks 

ppm 

5,545 

1,537 

2,321 

NA 

1,404 »calculated 

3J77 

NA 

1,246 

1,441 

3,553 

2,476 

4,822 

NA 

1,795 

1,287 

Na 

1,936 

1,383 

1,106 

4,743 

1,397 

1,658 

905 

3,547 

1,578 

106m3/year of 2,378 
ppm 



Comparison of the discharges presented in 

table 2 with data for the period 1972-1981 , 

presented by AMER and NASR ALLAM (1984) leads 

to the following remarks: 

- Eastern Delta: 

The discharges of the Farasgour and Lower 

Serw pumping stations are hardly changed. 

Due to a different approach now the non-

measured reuse quantities are better esti

mated. This results in significantly less 

discharge from the Bahr Hadus drain and the 

Bahr El Bakr drain 

The total yearly discharge in this region is 

about 700 million m" less than was estimated 

by Amer and Nasr Allam (1984). 

- Middle Delta 

The total discharge does not show significant 

differences. However, now PS no. 8 has about 

a 200 million m lets discharge than in 1972-

1981.The Nashart dr^in discharge is about 
6 3 

100 10 m more while the Gharbiah drain dis

charge is also about 300 10 m higher. PS no. 

11 discharge about 100 J.0 m less than repor

ted by Amer and Nasr Allam. 
- Western Delta 

In this report the total discharge of the 

Edko drain is presented, which includes the 

discharge of a number of pumping stations. 

Amer and Nasr Allair, however, only mentioned 

the discharge of the Edko pumping station. 

Due to this the discharge now is about 900 

10 m higher. 

Big differences are also abserved between 

the discharge of the Tabia PS in 1980-1983 

(538 106m3) and in 1972-1981 (78 106m3). No 

reasons could be found for this difference. 

The result is, however, that the discharges 

in this region are 1,250 10 m more than was 

estimated in 1972-1381. 

The discharges, shown in table 2 are 

grouped into salinity classes and are pre

sented in table 3. 

The salinity classes are chosen such that 

drainage water with a salinity of 750-1000 

ppm could be reused almost without mixing 

with fresh water, provided the soil type it-

selves does not set limitations and soil 

drainage is good. Water with salinities of 

1000-1500 ppm has to be mixed with fresh 

water, roughly with a ratio one to one, when 

Nile water is used. This is to realize an 

average salinity less than 800 ppm. For re

use purposes drainage water with a salinity 

of 1500-2000 ppm should be mixed in a ratio 

three to one with Nile water. 

Assuming that water with salinities 

higher than 1500 ppm is unsuitable for re

use purposes, a maximum of 7.3 billion m 

is available. 

Taking into account that the water from the 

Bahr El Bakr drain is not suitable for re

use due to its pollution, and that not more 

then 80 % actually can be reused, about 5.0 
3 

billion m per year with an average salinity 

of 1,335 ppm will be available. 

The quantity of Nile water required 

for mixing is summarized in table 4. 

Table 4. Required quantity of Nile water(in 
units of 109m3y-l) for mixing with 
drainage water to obtain irrigation 
water with an average salinity.Nile 
water salinity 225 an 350 ppm res
pectively .Available quantity of 
drainage water 5.109m3, 1335 ppm 

S a l i n i t y 
N i l e w a t e r 

225 

300 

350 

S a l 
800 

4 . 6 5 

5 . 3 5 

5 . 94 

i n i t y 
900 

3 . 22 

3 . 6 3 

3 . 9 5 

m i x t u r e 
1000 

2 . 1 6 

2 . 3 9 

2 . 5 8 

(ppm) 
1100 

1 .34 

1 .47 

1 .57 

S a l i n i t y C l a s s 

750-1000 ppm 

1000-1500 " 

1500-2000 " 

2000-3000 " 

> 3000 " 

Total 

Wer . te rn 

(106mV 

-
1,1*2 

538 

225 

2,187 

4,092 

D e l t a 

- 1 ) 
M i d d l e 

( 10 6 m 3 

-
2,576 

1,518 

306 

732 

5,132 

D e l t a 

y " 1 ) 

E a s t e r n D e l t a 
, l n 6 3 - 1 , (10 m y ) 

1,078 

2,546 

414 

-
401 

4,439 

T o t a l 

( 1 0 6 m 3 y _ 1 ) 

1,078 

6,264 

2,470 

531 

3,320 

13,663 * 

3 6 3 
* excluded 33 million m from Bouroulos PS and 30 10 m from Borg Rashid PS 

of which no salinity data are available 

Table 3. Available 
drainage water in 
the Nile Delta with
in different salinity 
classes (1980-1983) 



9 3-1 Table 5. Potential for reuse of drainage water in the Nile Delta (10 m y ) 
at limited supplementary Nile water quantities with a salinity of 
of 225 anc3 350 ppm and maximum salinities of the mixture 

A v a i l a b l e 
N i l e w a t e r 
q u a n t i t y 
( l n 9 3 - 1 . ( 10 m y ) 

0 . 5 

1 .0 

1 .5 

2 . 0 

2 . 5 

3 . 0 

225 

0 . 5 4 

1 .07 

1 . 61 

2 . 1 5 

2 . 6 9 

3 . 22 

800 

350 

0 . 2 3 

0 . 4 6 

0 . 6 9 

0 . 9 1 

1 .14 

1 .37 

Maximum s a l i n i t y of 

225 

0 . 7 8 

1 .55 

2 . 3 3 

3 . 1 0 

3 . 8 8 

4 . 6 6 

900 

350 

0 . 6 3 

1 .26 

1 .90 

2 . 5 3 

3 . 16 

3 . 7 9 

225 

1 .16 

2 . 3 1 

3 . 4 7 

4 . 6 3 

> 5 . 0 0 

> 5 . 0 0 

m i x t u r e 

1000 

350 

0 . 9 7 

1 .94 

2 . 9 1 

3 . 8 8 

4 . 8 5 

> 5 . 0 0 

225 

1 .86 

3 . 72 

> 5 . 0 0 

> 5 . 0 0 

> 5 . 0 0 

> 5 . 0 0 

1100(ppm) 

350 

1 .60 

3 . 1 9 

4 . 7 9 

> 5 . 0 0 

> 5 . 0 0 

> 5 . 0 0 

From table 4 it can be concluded that when 

the available quantity of Nile water is not 

limited a total amount of irrigation water 
3 

of 9.65 billion i.. can be made available 

with an average salinity of 800 ppm. 

Limited availability of Nile water tegether 

with salinity limits for the mixture, deter

mine the maximum amounts of irrigation wa

ter available for rev; areas. In table 5 a 

number of alternativej is presented. From 

table 5 it can be concluded that when the 

salinity of the mixture of Nile water and 

drainage water is limited, the potentials 

for reuse are also restricted. 

Increasing the salinity limits also in

creases the potential for reuse. When a 

maximum salinity of 1000 ppm is allowed and 
9 3 _] 

more than 2.5 IP m y Nile water is avail
able, drainage ŵ .ter from the salinity class 
1500-2000 ppm coul3 be reused. 

However, it will be clear that for the 

conditions prevailing in Egypt a compre

hensive investigation is required concerning 

irrigation with saline water. This is es

pecially needed to enlarge the potential re

use of drainage wal er. 

The actual reus; of drainage water in 

the Nile Delta is summarized in table 6. 

The quantities in table 6 should be 

considered as the Minimum quantities. Addi

tional reuse is observed along the Edko 

drain, the Bahr El Bakr drain and the Bahr 

Hadus drain downstream the Bahr Hadus Bridge. 

Besides that the discharges of the catch

ments of Sabal and Tila drain (total 277,000 

feddan) to the Rosetta Branch are not in

cluded. 

Table 6. Reuse of drainage water in the Nile-
Delta (average 1980-1983) 

Del ta /a rea /PS 

Western Delta 

Etay Barud PS 

Edko I r r i g a t i o n PS 

D i l i nga t PS 

Khandak e l Ghairby PS 

Mariut I PS 

Shubrar is Area(15,000f) 

Discharge 

106m3 /yr 

88 

341 

197 

95 

168 

Add.Dil ingat Area(20,000f) 

Tahr i r South Area(75,00 

Middle Delta 

East Manufega PS 

Mahallet Ruh PS 

Hamul PS 

Upper PS no . 1 

T i l a Drain (137,000f) 

Sabal Drain(140,000f) 

Eas tern Delta 

Saf t PS (estm.30%) 

Wadi PS 

Hanut PS 

Geneena PS 

Upper Derw PS 

Tota l r euse Ni le -Del ta 

Of) 

889 

132 

74 

282 

55 

543 

177 

386 

245 

186 

295 

1,289 

2,721 * 1C 

S a l i n i t y Remarks 

ppm 

888 

845 

765 

901 

+2,200 

1,094 

760 

788 

1,097 

994 

839 

781 

963 

1,658 

758 

922 

987 

702 

933 

,6 3 , 
1 m / yea r 

t o t h e Ni le 

t o Nubarya Canal 

t o Nubarya Canal 

t o t h e Ni le 

t o t h e Ni le 

t o t h e Ni le 

not o f f i c i a l 
r euse PS 

t o t h e Ni le 

of 992 ppm 



No estimates of these ouantities are avail

able. These quantities, however, affect the 

total discharge to the Sea or lakes. The re

use percentage of the total drainage water 

quantity, generated in the Delta is at least 

18% in the Western Del.a, 11% in the Middle 

Delta and 19% in the Eastern Delta. The aver

age reuse for thj whole Delta is at least 

16%. 

1.5. E s t i m a t i o n of i r r i g a t i o n 

e f f i c i e r . cy, s e e p a g e r a t e 

a n d n o n-u s e d f r a c t i o n of 

t h e i r r i g a t i o n w a t e r q u a n 

t i t y 

For a preliminary estimation of the 

different parameters, data of the Eastern 

Delta will be used. An estimation of the ir

rigation efficiency can be made based on the 

ratio of salinities of the drainage water 

reused and of the irrigation water. 

The average salinity of the irrigation water 

is about 225 ppm (ZIKRi and EL WAKEEL, 1984) 

within a range of <!00 till 290 ppm (EL GUINDY 

et al 1984). 

Table 7. Estimated irrigation efficiency 

Reuse pumping Sal\nity Estimated 
station (1980-1983) irrigation 

(ppm) efficiency 

El Wadi 

Hanut 

Genuina 

Upper Serw 

758 

922 

987 

702 

0.70 

0.75 

0.77 

0.68 

0.456 (this means that the overall efficiency 

is 64 % ) . The average drainage water salinity 

is 1,578 ppm and cg, the salinity of the see

page water is about 25,000 ppm. 

So the ratio QgA^ - 0-02. The area where 

seepage can be expected is about 180,000 ha. 

The seepage rate in this area, based on the 

presented approach is 0.3 mm d , which is 

of the same order of magnitude as the cal

culated 0.1 mm d"1 by HEFNY c.s. (1984). 

However, to obtain a more reliable informa

tion concerning the seepage rates, a more 

comprehensive investigation is highly re

quired. 

The non-used fraction of the quantity 

of supplied irrigation water can now be de

ducted from eqs 5 and 6, neglecting leakage. 

This fraction reads, after some rearrange

ments: 

c , q c. 
Y = 

1 
.[ l-T^(l-e)- c q. 

s ^1 
•d-e - (7) 

Averagelweighted ) 0.72 

Inserting all the determined variables, 

yields Y= 0.175. So about 18 % of the supplied 

water to the Eastern Delta is not directly-

used in irrigation. 

As about 19 % is reused, it could be 

stated that the net losses are about 14 %. 

Due to possible uncertainties in the previous 

assumptions, this quantity should be consi

dered tentatively. 

With the paramaters, calculated above, 

the 'black box' system of the Eastern Delta 

is described. Estimations at this stage can

not be made of the effect of changing quan

tities of irrigation water delivered to the 

Eastern Delta, with an acceptable accuracy. 

The reuse fraction of the total drainage 

amount is 0.19 (see table 2 and 6). The ave

rage yearly irrigation water supply to the 

Eastern Delta in 1982-1983 is about 9,750 

million m excluding Ismailia Directorate 

(HEGAZY, 1984; 1985). 

An estimation of the seepage can be made 

when the leakage is neglected. The ratio 

q /q. is evaluated from equation (6) 

So 
Q <3 c, c. 
_S - 2S. _S _ _A 
q. ~ q, " c c 

The ratio q /q., eg drainage water quantity 

divided by the irrigation water quantity is 

THE EASTERN DELTA 

2.1. D r a i n a g e c a t c h m e n t s 

The Eastern Delta almost completely 

drains into Lake Manz:ala which in its turn dis

charges freely into the Mediterranean Sea ( f ig. 3 ) . 

A considerable area is drained by two 

main drains, Bahr Baqar and Bahr Hadus, flow

ing to Lake Manzala by gravity. In the up

stream areas they are fed by gravity drainage, 

more downstreams drainage water is pumplifted 

into these main drains. 

About half of the total area is drained 

by gravity. 
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^ EH-2' / C Q l 7 i OEB-9 

EH-1A? . 
EH-UAIIIIHI / ^ 

I ,EB-5vX' 
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Open Drain Locations 

EH-1 Bridge Saft (abandoned) 
EH-4 Nizam Bridge 
EH-11 B. Hadus Bridge 
EH-13 B. Hadus Outfall 
EH-14 Kemeeza Bridge 
EH-15 Iddowwar Bridge 
EB-1 Bilbeis Bridge 
EB-2 Bridge Qalyubeya (abandoned) 
EB-4 Wadi Railway Bridge 
EB-5 Saada Bridge 
EB-7 Saud Bridge 
EB-8 B.Baqar Bridge 
EB-11 B.Baqar Outfall 

Pumpstations 

EM-1 
EF-1 
ES-1 
ES-2 
EH-2 
EH-3 
EH-5 
EH-6 
EH-7 
EH-8 
EH-9 
EH-10 
EH-12 
EB-3 
EB-6 
EB-9 
EB-10 

Matareya 
Farasqur 
Upper Serw 
Lower Serw 
Hanut 
Sadaqa 
Nizam 
Bani Ebeid 
Add. Kassaby 
Main Kassaby 
Geneena 
Erad 
Saft 
Wadi 
Saada 
B. Baqar irr. 
B. Baqar 

Fig. 3. Survey of catchments and drainage system of the Eastern Delta 



2.2. Balhr a q a r d r a i n a g e s y s t e m 

Bahr Baqar originates at the confluence 

bf two drains, Bilbeis drain and Qalyubea 

drain (fig. 4 ) . 

Bilbeis drain is stemming from pumplifted 

drainage water of urban areas in Greater 

Cairo and is fed by gravity drainage on its 

way. Qalyubea drain is completely fed by 

gravity. The two drains discharge approxima

tely equal quantities annually, but the main 

quantity of the Qalyubea drain discharge is 

pumped into Wadi Iriigation Canal. The re

mainder flows together with Bilbeis drain to 

continue thereafter as Bahr Baqar drain. 

At first Bahr Baqar is fed by gravity, 

farther downstreams the pump stations Saada 

and Bahr Baqar discharge into it. From just 

before Bahr Baqar Pun.p station to the Outfall 

at Manzala Lake withdriwing and discharging 

takes place diffusely and for the most part 

rather uncontrollable. 

2.3. B a h r H a d is d r a i n a g e s y s t e m 

point where its name does change into Bahr 

Hadus, the Hanut Pump station distracts a 

considerable part of its water, feeding it 

to the Moiis Irrigation Canal. 

Then it receives water from the freely 

flowing Nizam drain and directly from the 

pump stations Sadaqa, Beni Ebeid, Additio

nal Qassabi and Main Qassabi. Nizam drain 

is fed by gravity in its upstreams part and 

by Nizam Pump station more downstreams. 

At the Bahr Hadus Bridge a side branch 

conveys the discharge from Geneena and Erad 

Pump station into the Hadus drain. There are 

strong clues, however, that the discharge 

from Geneena Pump station is reused for ir

rigation in considerable quantities on its 

way to Bahr Hadus. 

In the reach between Bahr Hadus Bridge 

and the Outfall reuse from and drainage to 

Hadus drain takes place diffusely and in 

unknown quantities. Before the Outfall Saft 

drain discharges an unknown quantity stemming 

from Saft pump station into Bahr Hadus. The 

total area of this drainage system is 629,000 

feddan (table 8 ) . 

This drainage system is considered to 

commence as the Saft el Qibly drain which is 

completely fed by gravity (fig. 5). On the 

Saft Pump station delivers part of its dis

charge to the irrigation system in the Main 

Qassabi catchment (estimated 30 % ) . The 

st 

'I 
EB11 Reuse and 

F310M 

EB9 

EB8 

Bilbeis Drain . EB1 
t/l Ln to > 

EB7 4 E B 6 EB5 Bahr Baqar EB£ 
-A 1 A 2 A 

I 
Oalyubeya Drain 

Gravity Drainage 

25 10 

Gravity Drainage on Bahr Baqar 

10 30 

EB3 

15 

54 

approx. distance(km) 

Fig. 4. Schema of the Bahr Baqar drain system 



A Open Dram Reuse Location 

< 

II' 

D C 

"° 5 

B
ah

r H
 

O
u

tf
a

l 

S
a

ft
 D

 

• t H 1 3 Reuse 

I' j and Drainage 

11 

j PHI? 

Reuse 
A 

L/> 

0 . 

en o -g 
- tô ° 

CD O o 

• g e -o 

5 f « 
S AfEH8 f-m 

EH 11 

( 

1 
! 

E H 9 0 
! Reuse 

Lower Bénira Dra in 

• EH10 

Q 

I J 
O 

LÜ 

t 

ui 
Q. 
a 
c 
cv 
tv 
c 

CO 

17 I 

8 9 

c/> 
Q-
"O 
ai 
JD 
LU 

C 
a 
m 

<>EH6 

I 

5 

T3 

CD 

Ö 
Ï 

2 Bahr Hadus 
A E H 15 

c 

a 
£ 
a 
N 

4-
3 

cv S 
0J o 

EH5 
. A 

<>EK3 

co 

Nlizam PS 
a 
CT 

. o 
L Nizam Bridge "o 
EHA £ 

( 
' 12 11 

L0 8, 
CL "O 

"5 œ 
o o 
x l S 

Ô E H 2 | 

T E H H A 

Bahr Saft El Qibly 

9 

f r e e 
f low 

-— 

aprox distance (km) 

Fig. 5. Scheine of the Bahr Hadus drain system 

Main drainage 
system name 

Catchment or PS 
name 

Area of catch
ment (feddan) 

Bahr Baqar — 

till B.Baqar 
PS 

Bahr Hadus —; 

till B.Hadus 
Bridge 

Saft PS 

Matarea PS 

Upper Serw PS 

Lower Serw PS 

Faraskur PS 

South Bilbeis PS 14,000 

Bilbeis drain (grav) 47,000 

B]ad el Ayid 28,000 

Qalyubea dr.(Grav) 304,000 

B.Baq=jr dr. 63,000 

Saada PS 17,000 

B.Baqar PS 81,000 

B.Saft el Qibly(grav) 210,000 

Sadeqa PS 43,000 

Nizam drain(grav) 95,000 

Nizam FS 45,000 

Beni Ebeid PS 53,000 

Add.Qassabi PS 60,000 

M a m Qassabi PS 28,000 

Geneena PS 38,000 

Erad PS 57,000 

Arin drain Area 

Saft area 

60,000 

115,000 

Area of main 
dr.system (f) 

-> 554,000 

629,000 

175,000 

50,000 

50,000 

66,000 

2 0,000 

* will be drained by reuse station to El Wadi Canal. Now gravity 
to Bilbeis drain 

Table 8 
Eastern Delta catch
ment areas (total 
1,544,000 feddan) 
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remainder flows to Lake Manzala by Saft drain 

and by Ramsis drain. 

2.4. D i s c h a r g e s a n d s a l i n i t i e s 

in t h e E a s t e r n D e l t a 

Faraskur Pump station. Lower Serw Pump sta

tion and Matareya »ump station deliver their 

water directly to Lake Manzala. 

Upper Serw Pump station discharges into the 

Damietta Branch of the Nile and could be con

sidered as a reuse pump station. 

The discharges as obtained from the Mi

nistry of Irrigation are corrected for the 

measured efficiencies. An overview of these 

efficiencies is presented in table 9. At the 

open drain locations relationships between 

the water level and discharge are established. 

The stage discharge relations are given in 

tabel 10. 

The data per location per month are given 

in annex 1. 

Eastern Delta 

Pump station 

Wadi PS (reuse) 

Saada PS 

Bahr Baqar PS 

Hanut PS (reuse) 

Sadaqa PS 

Nizam PS 

Beni Ebeid PS 

Add. Qassabi PS 

Main Qassabi PS 

Gennena PS 

Erad PS 

Saft PS 

Upper Serw PS 

Lower Serw PS 

Matareya PS 

Faraskur PS 

Cod 

EB 

EB 

EB 

EH 

EH 

EH 

EH 

EH 

EH 

EH 

EH 

EH 

ES 

ES 

EM 

EF 

le 

3 

6 

10 

2 

3 

5 

6 

7 

8 

9 

10 

11 

1 

2 

1 

1 

Ef f icieni 

1980-1982 

0.68 

0.79 

0.83 

1.06 

1.00 

1.03 

0.94 

0.8 

0.99 

0.96 

0.95 

1980:1.13 
1981-82:0.83 

1.60 

1.04 

1.05 

1.00 

=Y 

1983 

0.79 

0.79 

0.83 

1.00 

1.01 

1.00 

0.94 

0.9 

0.98 

1.04 

1.09 

0.83 

1.55 

1.04 

1.05 

1.00 

Nominal 
caps 

3 
m . £ 

5 

8 

4 

3 

4 

4 

5 

4 

3 

4 

4 

* 

* 
* 

* 
* 

* 
* 
* 

* 
* 
* 

1980: 
1981-' 

3 

4 

3 

4 

* 
* 
* 

* 

icity 
.-1 

6 

0.93 

7.5 

5 

5 

3.5 

5 

7.5 

5 

5 

8 

:6 * 5 
'82:6*7.5 

8 

8 

8 

5 

Table 9. 

Efficiency of pumping 
stations 

Coc 

EB 

EB 

EB 

EB 

EB 

EB 

EB 

le 

1 

2 

4 

5 

7 

8 

11 

Location 

Bilbeis Bridge 

Qalyubea Bridge 

Wadi Railway Bridge 

Saada Bridge 

Saud Bridge 

B.Baqar Bridge 

B.Baqar Outfall 

Relation Hm 3 
ni /s 

Number of 
Q-H pairs 

Q = 10,196 (5.23 - Hm) 

no relation 

Q = 20,682 ( .36 - Hm) 

Q = 19,459 (6.79 - Hm) 

Q = 18,683 (3.73 - Hm) 

Q = 25,989 (3,68 - Hm) 

not existing 

EH 4 Nizam Bridge 

EH 11 B.Hadus Bridge 

EH 13 B. Hadus Outfell 

EH 14 Gameeza Bridge 

EH 15 Iddowwar Bridge 

110,844 (3.00-Hm)1'408 13 

Q = 7,032 (5.48 - Hm) 

Q 

not existing 

expected 

not expected 

0.89 

7 

8 

8 

13 

0.76 

0.85 

0.64 

0.46 

0.97 

0.95 

Table 10. 

Eastern Delta Stage-
discharge relations 
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Table 11. Eastern Delta. Drainage quantities en salinities 

., . , ~ x. ̂  • Dr. rate Dr.quant. Salinity Salt load 
M a m dr. system Catchment or Pump station n m / d 1 0 6 ^ 3 / y r T D S p p i / i 0 6 k g T D S 

Bahr Baqar B ^ b e i s drain at Bilbeis Br. A.S 453 1,037 470 

Blad el Ayid+end of Qalyubea -

Qalyubea dr. at Qalyubea Br. + 1.0 429 761 326 

Bilbeis+Qalyubea at Wadi Br. 1._1 "II^TITTL" § 5 § 1~58.8_ 

B.Baqar dr.(Wadi Br-Saada Br. 2.4 234 + 500 + 117 

Saada PS 1.1 28 914 26 

B.Baqar PS 1.5 183 3,547 649 

B.Baqar after BB.PS 1.5 1,261 1,288 1,624 

Bahr Hadus Saft el Qibly at S.el Q.Br. 1.0 327 866 283 

Sadaqa PS 1.9 128 1,606 206 

Ni'.am drain at Nizam Br. 1.4 207 936 194 

Nizam PS 2.2 156 924 144 

Beni Ebeid PS 3.2 263 1,312 345 

Add. Qassabi PS 3.3 303 1,580 487 

Main Qassabi PS 5.9 257 2,532 651 

Gennena PS (reuse?) 3.2 186 987 183 

Erad PS 5.3 560 1,784 999 

B.Hadus at B.H.Bridge 1.7 1,667 1,297 2,329 

Saft PS Arin drain area - - 830 

Saft Area -

Saft PS 2.2 591* 1,658 980 

Matareva_PS 2._8_ 2_1_8_ 4^7 4 3 Lt.Q.14-

Ugger_serw_PS 3_._8_ 29_5_ 70 2 2_07_ 

Lower _Serw_PS 6._2_ 6_3_2 li.106 6_99_ 

Faraskur_PS 7_._9_ 247. it 38 3 3.4.2 

Discharge (boundaries on map ) 2.1 4,911 1,469 7,214 

total salt discharge 7.2 * 10$ kg * partly reused 
** discharged to Nile, so considered 

as reuse 

A summary of the results, based on the 

yearly average discharge and weighted sali

nities is presented in table 11. Also the 

drainage rates are calculated. The drainage 

rate calculated for the first part of the 

Bilbeis drain, 4 .8 mm.d , is rather high. 

The contribution of sewage pumps to the to

tal discharge affects this figure. 

The extremely high rates of the Faras-

gouw PS are probably caused by spillway los

ses of irrigation cane Is. High rates in the 

North Eastern part of this region are in

duced by rice-cultivation practices. How

ever, drainage rates higher than about 5 mm. 

d are most probably caused by other reasons 

which are unknown ac this moment. 

The reuse practice is summarized in 

table 12. Although reuse is observed at a 

number of locations, until now no quantita

tive information is available. 

The average salinity of the drainage 

water per catchment is classified and pre

sented in fig. 6. 

Compared with the salinity in the catchments 

adjacent to the Nile branch, the salinity in 

the catchment along the Ismailia canal is 

significantly higher. Most probably this is 

due to the seepage from areas south of this 

catchment. 

From fig. 6 it can be seen that the salinity 

increases from west to east. As no evidence 

is found for reducing soil salinity from 

12 



Table 12. Reuse of drainage water, Eastern Delta 

Pumpstation area Discharge 
106m3/yr. 

Salinity 
ppm 

Wadi PS 

Hanut PS 

Upper Serw PS 
** 

Geneena PS 
*** 

Saft PS 

386 

245 

295 

186 

177 

NA B.Hadus between Nizam drain 
and B.Hadus Bridge 

B.Hadus betw.B.H.Br and Outf . N/A 

B.Bagar betw.B.Baqar Br and Outf.NA 

758 

922 

702 

987 

1,685 

NA 

NA 

NA 

Salt loa 
106kg 

293 

225 

207 

188 

298 

NA 

NA 

NA 

d 

Total Reuse 

* discharge to the Nile ** not official, strong clue from several field visits 
*** estimated at 30% reuse 

MEDITERRANEAN SEA 

< ^ > 

PORT SAID 

774 minimum average salinity (g.m" ) 
936 average 1980 - 1983 

1178 maximum average salinity (gjrf3) 

Fig. 6. Average salinity, 1980-1983 of drainage water in the Eastern Delta in g.m 
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leaking, the high sa1inities most probably 

due to seepage in the eastern part of this 

region. A detailed analyses of the Bahr 

Hadus catchment is presented in Reuse Re

port no. 3 (PROJECT TEAM, 1984). 

3. MIDDLE DELTA 

3.1. D r a i n a g e s y s t e m s 

The Middle Delta is divided into a num

ber of catchments. Most catchments are drained 

through pumping stations. 

The drainage wacer from the catchments 

East Manufeya and haha?et Ruh is reused 

through pumping stations. Drainage through 

the Tila - and Sabal diain is delivered into 

the Rosetta Branch of the Nile. Three drain

age systems composed of more than one catch

ment are present: the Nashet drainage sys

tem, with three pumping stations, the Ghar-

biah drain system with eight pumping sta

tions, one of which is a reuse station (Mi

nistry of. Irrigation, 1982) and the drain 

number 1 with three pumping stations, one 

of them is a reuse station. The names of 

catchments, the used codes by the Reuse Pro-
2 

ject and the areas in feddan (= 4200 m ) are 

presented in table 13. 

Fig. 7 gives the location of pumping 

stations and measurement sites while the 

schematic diagram in annex 2 provide an 

overview of the drainage canal system. Of 

the total area of 1.73 billion feddan an 

area of 277 million feddan is drained by 

gravity. Drainage water, originating from 

an area of 536 million feddan is at least 

partly officially reused. 

3.2. D r a i n a g e r a t e s a n d s a l i n i t y 

Table 13. Catchments of the Middle Nile Delta 

Catchment 

Zagloul 

PS no. 11 

Upper PS no. 

Mandura PS 

Zeini PS 

Lower PS no. 

PS no. 7 

Tirah PS 

Bouroulos PS 

East Manoufe; 

Mahellet Ruh 

Segaayah PS 

Samatay PS 

PS no. 5 

PS no. 6 

Hamul PS 

PS no. 4 

PS no. 3 

Hafirsheheb El 

PS no. 2 

Lower PS no. 

Upper PS no. 

Tila drain 

Sabal 

Total Middle 

8 

8 

/a PS 

PS 

Din PS 

1 

1 

Delta 

Code 

-
Mll-1 

MN-1 

HN-2 

MN-' 

M8-1 

M7-1 

MT-1 

-
MG-1 

MG-3 

MG-2 

MG-4 

y-G-5 

MG-7 

MC-6 

MG-9 

MG-10 

MG-1 2 

Ml-4 

Ml-3 

Ml-1 

MK-1 

MS-1 

1 

Area(fed) 

18,000 

75,000 

154,000 

68,000 

22,000 

68,000 

86,000 

72,000 

13,000 

139,000 

70,000 

75,000 

55,000 

83,000 

43,000 

-
73,000 

56,000 

65,000 

63,000 

105,000 

50,000 

137,000 

140,000 

,730,000 

Remarks 

Reuse 

Reuse 

Reuse 

Reuse 

to Rosetta 
Branch 

- id 

In annex 2 the discharges at the diffé

rend locations are given on a monthly base 

during the period 1980 through 1983. The ef

ficiency of the pumping stations is mentioned 

as far as such a figure is available. Where 

an efficiency 1 is mentioned, no calibration 

data are available. 

No discharge data are available of the 

Tila drain and the Sabal drain. These areas 

are drained by gravity although a pumping 

station is stand by. The catchment of which 

drainage rates are available, are presented 

in table 14. The weighted average salinity 

is calculated from annex 2. 

When calculating the drainage rates, the 

area, used for non-agricultural purposes 

(roads, housing, etc.) is not excluded. From 

table 14 it can be seen, that the drainage 

rates in the southern part are relatively 

low: about lmm.-l , while this is about 3-4 

mm.d in the northern part except for the 

Lower PS no. 1, which has a high drainage 

rate. 

The average drainage rate is 2.7 mm.d 

This is somewhat higher than the 2.5 mm.d 

Volker (1980) mentioned. 

The quantity of the non-reused drainage 

water is 5.45 billard m , about one billard 

more than is given by Volker. This differ

ence could occur because Volker did not 

-1 
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Syphon 
Boundary catchment area, 
Irrigation Canal 
Drainage Canal 
Pumpstation 
Reuse-Pumpstation 
Open Drain Location 

[TTTTTl Area of which drainage 
water is partly reused 

Open Drain Locations 

MK-1 Tila Drain Outfall 
MS-1 Sabal Drain Outfall 
M1-2 Bridge Drain 1 
MN-3 Nashart Drain Outfall 
MG-6 Gharbia Bridge 
MG-11 Gharbia Kubri 7 
MG-13 Gharbia Outfall 

Pumpstations 

MZ-1 
MB-1 
M1-1 
M1-3 
M1-4 
M7-1 
M8-1 
M11-1 
MT-1 
MN-1 
MN-2 
MN-4 
MG-1 

-MG-2 
MG-3 

" M G - 4 
. MG-5 

MG-7 
MG-8 
MG-9 
MG-10 

Zagloul 
Burullus 
Upper No 1 
Lower No 1 
No 2 
No 7 
No 8 
No 11 
Tira 
Upper No 8 
Mandura 
Zeini 
East Menufe 
Segaaya 
Mahallet Ruh 
Samatay 
No 5 
No 6 
Hamul 
No 4 
No 3 

MG-12 Hafir Shehab Eddin 

Fig. 7. Survey of catchments and drainage system of the Middle Delta 
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Table 14. Middle Delta, 1980-1983, discharge rates and salinity of drainage water 
per catchment 

Drainage catchment 

Zacfhloul 
PS no. 11 
Upper PS no. 8 
Mandura 
Zeini 
Lower PS no. 8 
PS no. 7 
Tirah 
Bouroulos 
East Manufeya(reuse) 
Segaaya 
Mahallet Ruh (reuse1 

Samatay 
PS no. 5 
PS no. 6 
Hamul (reuse) 
PS no. 4 
PS no. 3 
Hafir Shebeb El 
PS no. 2 
Lower PS no. 1 
Upper PS no. 1 

D_n 

(reuse) 

Sabal drain (reuse) 
Tila drain (reu 

Total (excl. Sa 

Reuse (excl. Sa 

Net 

se) 

bal 6. Ti 

bal L Ti 

Area served 

* 

na: 

lai 

1000 fed. 

18 
75 

154 
68 
22 
68 
86 
72 
13 

139 
75 
70 
55 
83 
43 
-

73 
56 
65 
63 

105 
50 

140 
137 

1 1453 

1 

Discharge 
,„6 3 -1 
10 m y 

NA 
413 
229 
169 
140 
359 
307 
373 

33 
132 ( 
152 ( 

74 ( 
392 ( 
161 
152 
282 ( 
343 ( 
297 
304 
399 

1226 
55 

NA 
NA 

5993 

543 

5450 

,-1 mm.d 

NA 
3,60 
0.97 
1.62 
4.15 
3.44 
2.33 
3.38 
1.66 

0.87 

2.43 

1.27 
2.31 

3.06 

3.46 
3.05 
4.13 
7.62 
0.72 

-
-

2.69 

2.45 

Average salinity 

(ppm) 

NA 
1246 
1077 
1560 
1895 
2870 
2399 
4822 

NA 
760 
830 
788 

1040 
1155 
2128 
1097 
1172 
1729 
4746 
1255 
1298 

994 

780 
839 

include in this quantity the discharge of 

the Hafir Shebeb El Din pumping station 
9 3-1 (0.304 10 m y ), Pumping station no. 5 

(0.161 109m3y_ 1), Samatay (0.392 109m3y"1), 

Sagaaya (0.152 109m3y- 1), Tirah (0.373 109m3 

y-1) and Bouroulos PS (0.033 109m3y_ 1). 

The quantity reused is more than 543 million 

m per year, because this figure does not in

clude the discharges to the Rosetta Branch 

of the river Nile, stemming from the Sabal-

and Tila drain. 

Volker estimated the total reuse in the 

Middle Delta as 1.12 billion m . Derived 

from that the drainage rates in the Sabal -

and Tila drainage cavchments can be esti

mated as about 1.4 mm.d . This is about the 

average of the catchments East Manufeya, 

Mahallet Ruh, Segaaya and Samatay. 

The average salinities of the drainage 

water originating from the catchments are 

presented in fig. C. The minimum and maximum 

values are also given. 

The lowest salinities are present in the 

southern part of the Delta, where probably 

some leakage is present. The salinities in

crease in northern direction and from the -

Nile Branches to the middle parts. The high 

salinties are most probably caused by 

seepage flow. 

Theoretically these high salinities can 

originate from a continuous leaching. In 

such cases the salinity must show a decrease 

with respect to time, provided no changes in 

irrigation practice and agricultural acreage 

are present. Fore some different periods, 

data were collected on salinities at some 

locations. Table 15 shows these data. 

However, from these data it cannot be con

cluded that any significant changes in sali

nities are present. The ranges are wide and 

the upper values are most probably deter- . 

mined during the closure period. In this 

period no irrigation is present at all. The 

measured salinity is then resulting from 

pure drainage water, some times including • 

seepage. Spill way losses from irrigation 

canals or surface drainage as occurs in 

other periods are not present during this 

period. So no dilution occurs. As the average 

salinities calculated for the period 1980 

through 1983, are close to the minimum values, 

evidence is obtained from this that the maxi

mum values of the salinity range belong to 

the mostly extreme salinities during the 

closure periods. 

It could be concluded that the salt 

balance of the Nile Delta is in a state of 

equilibrium. This means that the total salt 
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minimum average salinity (g.rrf 
average 1980 - 1983 
maximum average salinity (g.m"3) 

10 15 20 25 km 
I I I I 

g.m"3 

| -I < 750 

|" '\ 750 - 1000 

M U 1000 - 1500 

111 1500 - 2000 

2000 - 3000 

a > 3000 

Fig. 8. Average salinity, 1980-1983, of drainage water in the Middle Delta in g.m" 

storage in the soil does not change signifi

cantly with time. The salinity at the Ghar-

biah outfall shows a slight tendency to de

crease (fig. 9 ) . 

At this location the salinity decrease 

from 1,900 ppm in the beginning of 1980 till 

1,680 ppm at the end of 1983. 

This could indicate that the salt storage 

in the soils of this catchment is de

creasing, whereas such a trend is not ob

served at other locations. 
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Table 15. Middle De l t a , s a l i n i t y r anges a t some l o c a t i o n s du r ing t h 3 p e r i o d s 
1958-1960, 1977-1978 and 1980-1983 

hi ,-i i n;ii|t> 

(.,',\t rhmcnr 1 938-196(1 

_ Ranges of sali_nit_y_ ( ppm i 

1977-1978** 1980-1983 1978-1983 

PS no. 11 

Zeini 

PS no. 2 

Upper PS no. 1 

7?0-1100 

1100-3800 

12C0-2500 

1000-1500 

550-1500 

1200-2000 

550-1500 

400- 800 

1033-2177(1246 ) 

1572-3045(1895) 

1018-2103(1255) 

733-2260( 994) 

990-1580 

1370-2050 

770-1470 

660-1700 

* Source: Advisory Panel for Landdrainage in Egypt, Rep:80 VII.01 

** Source: Advisory Panel for Landdrainage in Egypt, Rep. 80.VII.01 (DRI) 
(...) weighted average 1980-1983 

*** Source: Samia Saad El Din El Guindy, 1984. The quality of drainage water 
in the Kile Delta and Fayoum Area, in: Workshop on Reuse of 
Drainage water, held in Cairo, March 1984. 
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Fig. 9. The variation in salinity with time for: 
A: Pumping station no. 11, B: Gharbiah outfall, C: East Manufeya PS and 
D: PS no. 6 in g.m-3. 

3.3. W a t e r - a n d 

d r a i n s 

a l t b a l a n c e s o f 

A water- and salt balance of drainage 

systems can be made in crder to detect er-

ranuous data or non-measured sources. Be

sides that it offers an opportunity to get 

an impression of the accuracy of the measure

ments. The general approach is described in 

chapter 1.2. The average yearly discharges 

and weighted average salinities will be used. 

MN2 m El Mandurg PS 

MN4 

• A - a. El Zeini PS 
MN3 MN1 

3.3.1. The Nashart Drain 

The scheme of this system is presented 

in fig. 10. The salinity of drainage water, 

when mixed, from El Mandoura and Upper PS 

no. 8, is calculated. This is 1282 ppm as 

an average. Measured is an average of 1248 

ppm at the location MN-3. This indicates 

that no other significant sources are pre

sent, while mixing is almost ideal. Adding 

the discharge of the Zeini PS to this quan

tity, then the drainage to the El Bouroulos 

Nashart Drain Outfall 

2 J_ 1 
i Bohr Nashart Drain 
L_L _J-_ -22- _. 

Upper PS No. 8 

aprox- distance! km) 

Fig. 10. Scheme of the Bahr 

Nashart Drain system 



lake is 538 million m with an average sali

nity of 1441 ppm. This is water of a good 

quality which could probably be reused when 

it is mixed with Nile water in a ratio of 

about 1 to 1. 

3.3.2. The Gharbiah Drain system 

The scheme of the system is shown in 

fig. 11. A number of sub-systems can be con

sidered. 

The average salinity at the outfall is 

1800 ppm. Calculated from all pumping sta

tions this should be 2036 ppm. It must be 

mentioned that the pumping station Hafir 

Shehab El Din is close to the outfall and 

probably no perfect mixing of the water is 

present. 

Following the same procedure for the Gharbiah 

Bridge, location MG-1, the calculated salini

ty is 1360 ppm against 1240 ppm measured. 

The differences are most probably due to a 

non-uniform mixinc,. 

At location MG-6, the calculated sali

nity is 1020 ppm while the measured one is 

1000 ppm, which is coinciding very well. In 

this case a good mixing of drainage water 

from different origines seems to be re

alized. 

The salinity of water reused through the 

Hamul pumping station can be considered 

as an average of the mixure of water passing 

the location MG-6 ana the water discharged 

by pumping station no. 6, at location MG-7. 

The measured salinity is 1097 ppm, the cal

culated one is 1217 ppm. The Hamul pumping 

station does not withdraw water from the 

Gharbiah drain during the closure period. 

So the higher salinity of that water has no 

effect on the average salinity. This is most 

probably the main reason for the discrepancy 

between the measured and the calculated aver

age salinity at that location. 

3.3.3. The drain no. 1 system 

This drainage system exists of two sub 

systems, one served by Pumping station no. 2 

and the other by Pumping station no. 3 (fig. 

12). In the latter sub system, Pumping sta

tion 'Upper no. 1' discharges a part of the 

drainage water into the Damietta Branch of 

the Nile. Gates just downstreams bridge Ml-2, 

regulate the levels and discharge to the 

catchment served by Lower pumping station 

no. 1. 

The total discharge from this system to 

the Mediterranean Sea is 1625 million ir. per 

year with an avarage salinity of 1287 ppm. 

•e o 

ll>4~ 

Q CM 

£2 

a? 
IUJ 

PS No.4 ̂  
MG9 

MG11 

PS.No3 
MG10 

f MG7 
{ MG8 

Bridge on | 
Gharbia Drain r 

PS No.6 

? . MG6 

Bridge 
No 6 

1 

MG5 

Mahallet Ruh 
MG 

, Somotay PS 
MG4 

Segaaya 

3 3 0 

PS No5 

13 
aprox distance (km) 
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MG2 I 
East Menufeya ( 

MG1 

30 Fig. 11. Scheme of the El 
Gharbiah Drain system 

' " 
OO 

2 

M1-3 „ Lower DS. No 1 

Drain No.1 

M1-4^PS. No. 2 

3 23 

Bridge on Drain No.1 

M1-2T f 

Upper PS. No.lOM1-1<*' 

approx. distancelkm) 
Fig. 12. Scheme of the Drain 

no. 1 system 
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A. WKSTF.RN DELTA 

4.1. D r a i n a g e c a t c h m e n t s 

The Western Delta is divided into a num

ber of catchments. Most of these catchments 

are drained through pumping stations (fig.13). 

In the Umum drain catchment only the 

Abu Homines Area is drained by gravity. The 

reuse pump station Mariut I takes its water 

from the Umum drain after the drainage water 

input of Shereshera PS and Truga PS. Next 

the pumpstations: Dishundi, Hares and Abies 

pump their drainage water in the Umum drain. 

The Umum drain ittelf flows into the Mariut 

Lake. Also flowing into the Mariut Lake is 

the drainage water from El Qalaa PS, from 

the newly reclaimed Nubarya Area and lift-

lock water from the shiplocks in the Nubarya 

Canal. 

Because the level of tne Mariut Lake is 2 m 

-/- MSL and the subsoil is permeable there 

will be a considerable quantity of seepage, 

from the Mediterranean Sea into the lake. The 

drainage water in the Mariut lake is pumped 

by the Max Pump station into the Mediter-

renean Sea. 

The El Tabia pump station pumps its 

drainage water into the Mediterrenean. 

The Barsik Pump station pumps its 

drainage water into the Edko Lake. The Edko 

Lake is in open connection with the Mediter

ranean. Sea. 

In the Edko drain catchment are four 

reuse pump stations: Etay Barud PS, Edko 

Irrigation PS, Dilingat PS and Khandak el 

Ghairby PS. The other pump stations pump the 

drainage water from their catchment areas 

into the Edko drain. These pump stations are 

Shubrakhit PS, Zarqun PS, Khairy PS, Halg el 

Gamal PS, Edko PS and Bosseily PS. The Edko 

drain flows into the Edko Lake by gravity. 

The drainage water from the small catch

ment Rashid (in the north) is pumped into the 

Rosetta Branch of the Nile. 

The Shubrakhit Area is drained by gra

vity and discharges into the Rosetta Branch. 

The Additional Dilinggat Area will drain 

its drainage water into the Nubarya Canal. 

The newly reclaimed area Tahrir South 

will be drained to the Nubarya Canal in the 

future. 

The catchments, the used codes by the 
2 

Reuse Project and the areas in feddan (4200m ) 

are presented in table 16. 

Catchment 

Umum 

Edko 

S ib-catchment Code Area (fed) Remarks 

She.-eshera PS 
Truga PS 
Dishudi PS 
Hares PS 
Abies ->S 
Mariut PS 
Qalaa P3 
Nubarya Area 
Max PS 

WU 
WU 
WU 
WU 
Wu 7 
WU 10 
WU 8 

WU 9 

180,000 
103,000 

33,000 
62,000 

8,000 

14,000 
280,000 

reuse PS 

to Mariut Lake 

Etay Barud PS 
Shubrakhit PS 
Zarqun PS 
Edko Irr. PS 
Diiingat PS 
Khandak el Gharb 
Khairy PS 
Halg ei Gamal PS 
Edko PS 
Bosseily PS 

0 

0 
0 
'Y 

WE 
WE 
WE 
WE 
WE 

PSO WE 
WE 
WE 
WE 
WE 

1 
2 
3 
4 
5 
6 
7 
8 
10 
11 

24,000 
78,000 
34 000 

-
70,000 
38,000 
57,000 
45,500 
18,000 
25,000 

reuse 

reuse 
reuse 
reuse 

PS 

PS 
PS 
PS 

Table 16. 
Catchments of 
the Western 
Delta 

Tabia 

Barsik 

El Tabia PS 

Barsik PS 

WT 1 

WB 1 

50,000 

45,000 

Rashid 

Shubraris 

Add.Dilingat 

Tahrir South 

Total 

Borq Rashid PS 

-

-
-

-

-

-
-

1, 

2,500 

15,000 

20,000 

75,000 

,277,000 

to Nile Branch 

reuse to Nile Branch 

NA 

NA 
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Syphon 
Boundary catchment area 

*• Irrigation Canal 
- Drainage Canal 
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wu-9« r^ j j 
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Pumpst 

WE-1 
WE-2 
WE-3 
WE-4 
WE-5 
WE-6 
WE-7 
WE-8 
WE-10 
WE-11 
WB-1 
WT-1 
WU-2 
WU-3 
WU-5 
WU-6 
WU-7 
WU-8 
WU-9 
WU-10 

ations 

Etay Barud 
Shubrakhit 
Zarqun 
Edko irr. 
DiHngat 
Khandak el Gharbi 
K hairy 
Halq el Gamal 
Edko 
Bosseily 
Barsik 
El Tabia 
Shereshera 
Truga 
Dishudi 
Hares 
Abies 
El Qalaa 
Max 
Mariut 

,#»*** 

Open Drain Locations 

WU-1 Shereshera Bridge 
WU-1A'Market'Bridge 
WU-4 Dishudi Bridge 
WE-9 Halq el Gamal Bridge 
WE-12 Edko Outfall 

Fig. 13. Survey of catchments and drainage system of the Western Delta 
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4.2. D i s c h a r g e s a n d s a l i n i t y 

in t h e W e s t e r n D e l t a 

The average yearly discharge and the 

weighted salinities per location are pre

sented in table 17. In addition to that the 

totals per catchment are given. Concerning 

the Umum drain it should be mentioned that 

the discharge, measured at Deshudi Bridge 

is the result of discharge from Truga, 

Shereshra pumping station and the discharge 

from Umum drain. 

The drainage ratej and the average sali

nities are presented in table 18. Except for 

the Qalaa PS, Tabia and Bosseily PS the rates 

are reasonable. No reasons could be found 

for the deviating high rates of the three 

locations mentioned 

Plans are in preparation to reuse the 

drainage water of the Umum drain. 

The average salinity of the drainage 

water in the Western Delta is presented in 

fig. 14. From this figure it can be seen that 

the salinity in only moderate (less than 1000 

ppm) in a small area. The salinity in the 

areas from which water will be reused in 

future (Umum drain) is rather high and needs 

a mixing in a ratio one to two to realise 

a good quality irrigation water. 

The high salinities are probably due to 

seepage. As seepage seems to determine sig

nificantly the salinity of drainage water, 

a comprehensive investigation of this is 

highly required. 

Table 17. Western Delta. Discharge and 

Drainage system 

Umum drain 

Max area 

El Tabia PS 

Barsik PS 

Borg Rashid PS 

Edko drain 

i 
1 

Shubraris Area 

Add Dilingat — 
T a K y i v C ^ n f V i 

Catchment area 

Additional Sidaisa 
Shereshera PS 
Abu Hommes 
Truga PS 
Mariut 1 PS(reuse) 
Dishudi Bridge 
Di-ihudi PS 
Hares PS 
Abies PS 

Qalaa PS 
Nubaraya Area 

-> Max PS 
> 

> 
N 

? 

Etay Baroud PS(reuse) 
Shubrakhit PS 
Zarqun PS 
Edko Irr. PS (reuse) 
drained by gravity 
Dilingat PS (reuse) 
Khandck el Ghairby 

(reuse) 
Khairy PS 
drained by gravity 
Hclg el Gamal PS 
Ilalg el Gamal Bridge 
Edko PS 
Bosseily PS 
Edko Outfall 

salinity 

Code 

_ 
WU 2 
WU 1 
WU 3 
WU 10 
WU 4 
WU 5 
WU 6 
WU 7 

N 

/ 
WU 8 

-

WU 9 

WT 1 

WB 1 

-
WE 1 
WE 2 
WE 3 
WE 4 

-
WE 5 

WE 6 
WE 7 

-
WE 8 
WE 9 
WE 10 
WE 11 
WE 12 

drained to the Nile (gravity) „ 

rained to Nubaraya Canal (grav.) 

average 

Area 
served 
(fed) 

30,000 
150,000 

46,000 
103 000 

-
329,000 

33,000 
62,000 

8,000 

432,000 

14,000 
280,000 

726,000 

50,000 

45,000 

2,500 

24,000 
78,000 
34,000 

-
136,000 
70,000 

38,000 
57,000 

165,000 
45,500 

346,500 
18,000 
25,000 

389,500 

15,000 

> 20,000 

> 75,000 

1980--1983 

Average 
discharge 
(106m3y-l) 

( 
( 

1 

2 

+ 

457 

95 
457 
168 
804 
277 
413 

46 

913 

216 
NA 

187 

538 

225 

30 

88 
321 
164 
341 

197 

95 
173 

326 
542 
177 
322 
NA 

NA 

NA 

NA 

Average 
salinity 

(ppm) 

2,024 

1,648 
2,610 

NA 
2,311 
3,609 

10,941 
5,083 
4,196 

2,021 
NA 

5,545 

1,537 

2,321 

NA 

888 
955 
880 
845 

765 

901 
973 

1,421 
1,097 
2,092 
1,610 
1,404 

NA 

NA 

NA 
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