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Foreword 

It is with great pleasure, after all these years of hard work, to present the final products and 
achievements of the Reuse of Drainage Water Project (RDWP). The Drainage Research Institute and the 
DLO Winand Staring Centre have finally reaped the fruits of more than ten years of cooperation by 
achieving the objectives of the RDWP. A well-established monitoring network is now functioning in the 
Nile Delta, providing valuable data on drainage water discharges and salinities. A summary of these data 
is regularly published in annual reports. The water management simulation model SIWARE is fully 
operational as well and we hope that it will prove to be a powerful tool for evaluating regional and 
national water policies in Egypt (and probably elsewhere) for a long time to come. For us, it has clearly 
demonstrated its capabilities and the prospects are good that it will be used in the Ministry of Public 
Work and Water Resources (MPWWR) of Egypt as well. 

We would like to thank all those who participated directly and indirectly in making this achievement a 
reality. A special vote of thanks should be made towards the officials and engineers of the Irrigation and 
Planning Sectors and the National Research Center of the MPWWR. Without their assistance and 
guidance the achievement would not have been possible. We also appreciate the unlimited support of 
the Directorate-General for International Cooperation in the Netherlands and the Royal Netherlands 
Embassy in Cairo. Their understanding and appreciation were the real driving forces behind the whole 
project. 

Finally, the Project Team deserves congratulations and thanks for patiently and consistently working on 
such a massive job which will remain as a landmark for technical cooperation between Egypt and the 
Netherlands. 

Safwat Abdel Dayem G.A. Oosterbaan 
Director Director 

Drainage Research Institute DLO Winand Staring Centre 

March 31 s t , 1995 



Abstract 

DRI/SC-DLO. 1995. Reuse of drainage water in the Nile Delta; monitoring, modelling and 
analysis; final report Reuse of Drainage Water Project. 1995. Egypt, Kanater-Cairo, Drainage 
Research Institute; The Netherlands, Wageningen, DLO Winand Staring Centre. Reuse Report 50. 
76 p.; 20 Figs.; 10 Tables; 2 Appendixes. 

The growing population in Egypt in conjunction with its expanding agriculture and economical 
development require increasing amounts of water. The Nile water supply which is Egypt's most significant 
source of water, is not expected to increase in volume in the near future. Reuse of drainage water for 
irrigation has been adopted for many years now as an economically attractive means to increase the 
utilization rate of water, placing Egypt's irrigation system on the top of the world's list of efficient large-
scale systems. In order to develop the necessary tools for safe and sustainable reuse of drainage water in 
irrigation, the Reuse of Drainage Water Project (RDWP) Phase I was executed from 1983-1988 and RDWP 
Phase II from 1991-1995. 

The results of the two phases are an operational network for monitoring drainage water discharges and 
salinities on a routine basis at strategic locations along the major drains, a comprehensive database for 
monitored drainage water discharges and chemical composition, and a complete series of data 
yearbooks. For the evaluation of the potentials for reuse of drainage water in irrigation, the project has 
developed a mathematical model. This model provides the possibility to simulate Nile water allocation and 
distribution, including all system losses, the evolution of the horizontal and vertical distribution of soil 
salinity, the recharge and discharge of the groundwater system, the spatially distributed 
évapotranspiration of major crops, the unofficial reuse of drainage water for irrigation, the discharge rates 
and salinities at strategic locations along the drainage canals, and the available amounts of water in the 
drainage canals for reuse in irrigation. Input data, which are stored on files and in databases, cover 
irrigation and drainage canal system management, domestic and industrial water use, cultivated areas, 
drain depths and spacing, current and historical cropping patterns and crop growth development in the 
Nile Delta, soil types, soil characteristics and soil salinity. 

The model is calibrated and validated for the Nile Delta and applied to evaluate a large number of 
different water management alternatives related to different water saving options and effects of land 
reclamation in the Eastern, Middle, and Western Nile Delta and adjacent desert regions. A version of the 
model, embedded in a graphical user interface, has been transferred to the Egyptian Ministry of Public 
Works and Water Resources for application in annual water allocation planning. The original version, 
embedded in an expert user interface, is the joint property of DRI and SC-DLO and is operational on DRI's 
integrated computer system for complex applications. 

Key words: irrigation, drainage, reuse, database, model, water allocation, water distribution, water 
salinity, évapotranspiration, soil salinity, water management, planning, alternatives, water savings, land 
reclamation, user interface. 
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Background and objectives 

To date Egypt has one of the world's most efficient 
large-scale irrigation systems, although there are 
opportunities for further improving its efficiency. 
In 1994, the cultivated area amounted to 7.4 
million feddans and the Government of Egypt has 
adopted the horizontal expansion of cultivated 
lands as a major policy to increase crop production 
and create new job opportunities. It is planned to 
reclaim about 2.9 million additional feddans by 
the year 2000. 

Developing industry, expanding agriculture and 
the growing population in Egypt require 
continuously increasing amounts of water. An 
annual Nile water supply of 55.5-109 m3 is Egypt's 
almost exclusive source of fresh water. This supply 
is not expected to increase in the near future. The 
annual demand for water is estimated to reach 
61.5 109m3 in year 2025, which can no longer be 
met by developing new water resources. Hence, 
increasing the efficiency of use presents itself as 

In 1994, Egypt's cultivated 

area amounted to 7.4 

million feddans 

the only alternative to satisfy such requirements. 
Reuse of agricultural drainage water is an 
attractive solution from an economic point of 
view. 
The Reuse of Drainage Water Project (RDWP) was 
established in 1983 to furnish the responsible 
authorities with information about the potentials 
for reuse of drainage water in irrigation and to 
quantify the effects of water management 
alternatives with different quantities of recycled 
drainage water. Although the primary aim of the 
project was to provide assistance to the Ministry of 
Public Works and Water Resources (MPWWR) in 
the planning and management of water 
resources, results of the project could also be used 
in Egypt by other Ministries and authorities. 
The RDWP has been implemented in two phases. 
The first phase started in 1983 and terminated in 
1988, the second phase started in 1991 and 
terminated in 1995. The project has been jointly 
executed by a cooperative venture of the Drainage 
Research Institute, Cairo, Egypt and the DLO 
Winand Staring Centre, Wageningen, the 
Netherlands. 

Achievements 

The RDWP succeeded in establishing a 
comprehensive monitoring system along all major 
drains in the Nile Delta, including all facilities for 
collecting, processing, and reporting the gathered 
data. The project has also succeeded in 
developing and applying an integrated 
mathematical simulation model covering all major 
components of the water and salt cycle in delta 
areas under intensive agriculture. The model 
makes it possible to predict the short-term and 
long-term effects of various water management 
alternatives on such parameters as crop 
productivity, soil salinity, and drain discharges. 
Just as important as the availability of the physical 
outputs of the project is the development of 
human resources in the form of a well-trained 
project team capable of maintaining and 
upgrading the measurement network and 
providing necessary support for future model 
development and applications. 
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The current monitoring 
network consists of 80 
measuring stations • 

Monitoring programme 

The drainage system in the Nile Delta is rather 
extensive serving 4.7 million feddans of the total 
7.4 million feddans of agricultural land in Egypt. 
Drainage water from 22 drainage catchments 
flows by gravity to main open drains where it 
either discharges to the Northern Lakes and 
Mediterranean Sea, or is pumped by 21 reuse 
pump stations into irrigation canals, mixed with 
fresh Nile water and reused for irrigation. The total 
length of the main drains in the Nile Delta is about 
1600 km. 

In 1977 the Drainage Research Institute (DRI) 
started to collect on a monthly basis samples from 
about 47 sites located along the drains and 
drainage pump stations spread over the Delta. The 
open drainage system was surveyed in 1980 and a 
permanent network for routine monitoring was 
identified. Since the start of the RDWP in 1983, 
the network has been continuously maintained 
and upgraded to provide reliable measurements 
following standard methods and procedures. The 
current monitoring network consists of 80 
measuring stations. Operation time counters, level 
gauges and EC (electrical conductivity) meters 
were installed at the pump stations. Level gauges, 
EC and velocity recorders were placed at open 
drain locations. Two important outfall drains were 
equipped with cable-way winches to continuously 
measure flow velocities at their outlets. The water 
quality parameters monitored in the measurement 
programme have been restricted to total salinity 
and to the major inorganic cations and anions 
related to water salinity. 
A computerized database system for storage, 
elaboration and retrieval of data was developed 
and has been continuously maintained and 
updated. A number of tailor-made programs for 
the elaboration, checking and presentation of 
data is included in the database system. The 
database includes two sub-databases. One is 
capable of storing and retrieving drain discharges 
and salinity, whereas the other one handles the 
chemical composition of drainage water and is 
linked with the laboratory database. 
Data from the monitoring programme are 
published regularly in yearbooks. They include an 
introductory element which summarizes the 

annual quantity of drainage water flowing to the 
sea and the reused portion in each of the three 
Delta regions, East, Middle and West. They also 
present a classification of the drainage water flow 
to the sea according to its rates, salinity and 
adjusted SAR (Sodium Adsorption Ratio) over the 
Nile Delta. 

The drainage water monitoring programme 
clearly reveals that the drainage water quantity 
changes over time, depending on water use 
policies and the management of the main supply 
system, in particular the releases at the High 
Aswan Dam. The total drainage water discharged 
annually to the sea has varied from a maximum of 
13.7-109 m3 in 1984/1985 to a minimum of 
11.5-109 m3 in 1988/1989. The drainage water 
salinity is low in the southern part of the Delta, 
moderate in the middle part, and high in the 
coastal region. 

The volume of drainage water officially reused for 
irrigation varied between a minimum of 
2.7-109m3in 1987/88 and a maximum of 
4.2-109m3 in 1990/91. Since 1984/1985 the 
average salinity of the reused drainage water 
increased from 860 g-nr3 (0.135 Sm' ) to 
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SIWARE calculates the 
required water depths at the 
control structures 

1,200 grrr3 (0.19 Srrr1) in 1992/1993 . This trend 
is also seen in the salinity of the unused drainage 
water. The trend of increasing drainage water 
salinity has been reversed since the beginning of 
the 1990's but is still higher than the salinity levels 
at the beginning of the monitoring programme. 

Simulation model 

One of the fundamental limitations in the planning 
of future irrigation water management in Egypt is 
that changes in the quantity and salinity of reused 
drainage or irrigation water as a result of changes 
in water management, cropping patterns or other 
developments cannot be derived from historical 
data on drain discharge and salinity. Therefore, the 
simulation model SIWARE was developed by the 
RDWP as a tool for predicting drainage water 
quantity and salinity for any given water 
management or cropping pattern option. SIWARE 
is a physically based model and includes all 
relevant physical, hydrological, crop physiological, 
agronomical processes, as well as some other 
functional relationships. The program package is 
particularly instrumental for the simulation of 
regional and even national water management. 
The application of the SIWARE model requires the 
subdivision (schematization) of the study area into 

a number of subareas, matching the boundaries of 
the Irrigation Directorates and Irrigation Districts. 
Further subdivision may be required to obtain 
uniform soil, hydrological and land use conditions 
within the subareas (calculation units). To this 
effect, the Nile Delta has been subdivided into 285 
calculation units, of which 88 are located in the 
Eastern Delta, 116 in the Middle Delta and 81 in 
the Western Delta. The input data necessary for 
running the model normally comprise the 
irrigation and drainage system layout, soil 
characteristics, climate, agriculture (crops), 
domestic and industrial water use/and water 
management in the schematized area. 
The SIWARE model includes a number of programs 
each with a specific function in the simulations. 
The DESIGN program deals with the allocation 
(distribution) of available Nile water among the 
intakes of main canals, which is based on the 
principle of proportionality between supply and 
demand. Groundwater abstraction, rainfall and 
anticipated reuse of drainage water are considered 
in the calculations. The agricultural demand is 
based on cropping pattern and the uniform crop 
water requirements in the Nile Delta. Finally, the 
required water depths at the control structures are 
calculated, assuming a distribution proportional to 
the demands in the area served by each mam 
canal. 

pip* 
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An expansion of irrigated 

land in the Eastern Desert is 

feasible from the viewpoint 

of total crop production • 

The actual water requirements of each crop in 
each calculation unit are calculated by the WDUTY 
program which is based on the irrigation schedule 
and local soil and hydrological conditions. Also a 
reference évapotranspiration is calculated 
assuming abundant water supply and no adverse 
effect of soil salinity. 

The actual water distribution among the subareas 
is calculated by the WATDIS program, based on a 
simplified approach of dynamic flow through 
canals. Adjustments of irrigation control structures 
are according to the procedures of the MPWWR 
and reflect the intended water distribution. The 
water abstraction for irrigation is based on the 
actual water requirements in a calculation unit. 
Also the return flows of drainage water by means 
of reuse pumps and water withdrawal for 
municipal and industrial use are taken into 
account. 

The REUSE program, finally, calculates the salinity 
of water in irrigation canals, the distribution of 
abstracted canal water among field crops, the 
drainage water abstraction by farmers for 
supplementary irrigation (unofficial reuse) from 
local and regional drains, and the actual 
évapotranspiration as affected by soil moisture 
and salinity stress. 

The drainage rates and drainage water salinity 
from the calculation units are also calculated by 
the REUSE program. The latter quantities, 
together with their salinities, are combined with 
spill losses from distributaries, disposed sewage 
water, and losses over the tail-ends of irrigation 
canals and are subsequently added to the regional 
drains. 

This program furthermore calculates the discharge 
rates and salinities at strategic locations along the 
drainage canals and generates a warning when 
anticipated abstractions of drainage water 
through pump stations (official reuse) cannot be 
realized. 

Management alternatives 

The capabilities of the SIWARE model have been 
demonstrated through the analysis of six water 
management alternatives. The objectives and 
results of these alternatives are outlined below. 

Water saving options by replacing rice with 
maize or reducing the rice water duty 
A volume of 925 106m3 water, compared with the 
total irrigation water supply of 1987 was saved 
during 1988 by a reduction of 30% in the rice 
area in the Eastern Nile Delta. Model calculations, 
however, indicate that the same amount of water 
could have been saved by reducing the rice area 
by only 8% combined with a simultaneously 
reduction in the annual rice water requirement 
from the usual 8,800 m3 per feddan to 7,400 m3 

per feddan. The drastic cut in the rice area resulted 
in a 2% reduction in the calculated total 
évapotranspiration, roughly equivalent to a 3% 
lower crop yield. This yield reduction could have 
been reduced by half by applying the proposed 
alternative. 

Expansion of the agricultural area in the 
Eastern Desert 
Model calculations show that an expansion of 
irrigated land in the Eastern Desert with a gross 
area of 350,000 feddans, while keeping the total 
Nile water supply to the Eastern Nile Delta 
constant, is feasible from the viewpoint of total 
crop production. The expansion, amounting to an 
approximately 17% raise in net cultivated area 
(reference 1988), resulted in a total increase in 
évapotranspiration of 11 %, in both the short and 
the long term. This increase is more or less 
proportional to the expected increase in crop 
production. A study of this type, however, requires 
further economic analysis. 

Improvement of local water management 
Forbidding the use of diesel pumps and 
prohibiting unofficial reuse of drainage water by 
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Two alternatives have been 
examined for the expansion 
of agricultural lands in the 
Western Nile Delta: 165,000 
and 350,000 feddans 

farmers resulted in a severe reduction in water 
supply to the crops, causing a loss of 4% in the 
calculated total évapotranspiration when 
compared to the reference situation of 1988 for 
the Eastern Nile Delta. The system losses decrease 
by about 2% and the official reuse of drainage 
water increases by about 8%. The salinity of 
irrigation water improves slightly. Banning diesel 
pumps for lifting water from irrigation canals, but 
allowing unofficial reuse, results in a reduction in 
system losses of about 11 %, a reduction in official 
reuse cf drainage water of 15%, and no reduction 
in total évapotranspiration. 

Reduction in water to the old lands for 
meeting higher demands in other regions 
Simulation results show that a reduction of the 
Nile water supply to the Middle Delta of up to 
10% (1,100-106 m3 annually) is possible without 
serious adverse consequences for total agricultural 
production. Within certain limits, local adverse 
effects of reducing the supply to the area can be 
neutralized by an optional water distribution 
based on actual (spatial variable) crop water 
requirements instead of average values. The 
implementation of such an option may lead to a 
significant reduction in system losses and a 
reduction in the area where significant crop yield 
reductions would occur if the total supply were to 
be cut by the indicated percentage. 

Changes in cropping pattern causing other 
water requirements than for the indicative 
pattern 
Starting from an indicative cropping pattern in the 
Middle Nile Delta (1987), the area cultivated with 
crops that require a great deal of water has been 
enlarged by a maximum of 20%, with 
corresponding reductions in crops requiring less 
water. The reverse situation, where crops with low 
water consumption replace those with high 
demands has also been investigated. In either case 
the total Nile Water supply has also been kept 
constant based on the indicative cropping pattern. 
Growing a 20% larger area with high demand 
crops increases the calculated total crop water 
requirements by 2,700-106 m3 per year. As a 
result, the irrigation system will be operated under 
stress conditions with a high efficiency of 80%, 
which also appears to be the ceiling. Although the 
calculated total crop water supply increases 
substantially, which can be partly attributed to 
larger volumes of unofficial reuse of drainage 
water, the much higher demands cannot be fully 
met. Consequently, the total évapotranspiration 
reduces by some 5%, indicating a yield loss of 
about 7%. 
Growing a 20% larger area with low demand 
crops results in an annual 1,700-106m3 lower 
demand. The irrigation system losses increase 
dramatically by almost 1,400-106 m3.yr1 (+51 %) 
and the irrigation system will be operated at a 
much lower level of efficiency (65%). The total 
crop water supply is more than sufficient, which is 
also demonstrated by an increase in total 
évapotranspiration of 3% when compared to the 
reference. The calculated yield gain is also 3%. 

Expansion of the agricultural area while 
increasing the reuse of drainage water 
Model results show that, starting from the 
reference situation of 1989, a further expansion of 
the irrigated lands in the Western Desert without 
additional reuse of drainage water will lead to a 
nettotal loss in évapotranspiration and hence in 
crop production for the whole Western Nile Delta. 
Such a situation is obviously not acceptable. 
Increasing the area by 165,000 feddans and 
implementing Phase I of the Umum reuse project 
results in an increase in total évapotranspiration of 
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1.7%. The implementation of Phase II of the 
Umum project results in a 3.7% increase in 
évapotranspiration. Extending the area by 
350,000 feddan and implementing reuse Phase I 
results in an increase in évapotranspiration of only 
1.5%, while realizing both phases leads to an 
increase by 3.3%. This clearly demonstrates that 
an expansion of the irrigated area beyond 
165,000 feddans is not justified, as the additional 
évapotranspiration does not increase. 
One of the side-effects of an expansion of 
irrigated land by 350,000 feddans and the 
implementation of Umum project Phase I and II is 
a 10% increase in the salinity of drinking water 
withdrawn from the Mahmoudeya Canal. The 
salinity of abstracted drinking water from the 
Nubareya Canal increases by about 40% up to 
1,700 g m 3 when both phases are implemented 
together. Moreover it is expected that the uptake 
rate will also be negatively affected when the 
irrigated area is increased by 350,000 feddans. 
Either moving the intakes of the drinking water 
plants to a location along the Nubareya Canal 
upstream of the mixing point with Umum 
drainage water, or finding another source, could 
resolve the expected adverse effects. 

Future developments 

The analysis of the complex Nile Delta water and 
salt system and the many applications considered 
so far have proven that the SIWARE package is a 
highly versatile tool for managers, planners, 
decision makers, and researchers. Possibilities for 
further model applications will remain whether 
related to applications on another scale, or to 
applications for completely different regions or 
even for other countries, Also the extension of the 
model package with water quality modules other 
than salinity should be contemplated by users and 
developers alike. As to meeting the immediate 
requirements in Egypt as well as in other 
countries, a SIWARE version coupled to a non-
steady state groundwater model for saturated 
flows is currently under development. 



1 Introduction 

1.1 Background 

The main and almost exclusive source of fresh 
water in Egypt is the River Nile. The average 
annual natural flow is estimated at Aswan as 
about 84-109 m3. The Nile water agreement of 
1959 with Sudan clearly defined a fixed share for 
Egypt. Egypt's present annual share downstream 
of Aswan is 55.5-109 m3, while Sudan's share is 
18.5-109 m3. The remaining 10-109 m3 are 
considered to be non-recoverable losses. 
Egypt's share of the Nile water constitutes about 
97% of its renewable water supply. The rest is in 
the form of scattered rainfall along the Northern 
Coast and small quantities of groundwater below 
the Western Desert and Sinai. 

Egypt's share of the Nile 

water constitutes about 

97% of its renewable 

water supply 

This situation makes the country mostly 
dependent on imported surface water which is an 
indicator of the vulnerability of the population to 
water shortage. 

Groundwater in the Nile Valley is considered as a 
reservoir recharged by the Nile or the irrigation 
system. A conservative estimate of the 
groundwater storage in the Nile Basin 
downstream Aswan is about 400-109 m3. The 
present exploitation rate of groundwater in the 
Nile Valley and the Delta is estimated as 
2.3-109 m3. It is planned to increase the 
abstraction rate up to 4.9-109 m3 annually. 
The average annual rainfall in the coastal areas 
ranges between 150-280 mm per year. It 

diminishes to the south, amounting to about 30 
mm per year in Cairo, and there is virtually no 
rainfall in Middle and Upper Egypt. 
According to World Bank projections, Egypt's 
growing population, currently estimated at 58 
million, is projected to reach between 86 and 100 
million by the year 2025. Thus, the annual per 
capita availability of water, which is already within 
the stress limit, will become even further reduced. 
Hence, scarcity of water resources has dictated the 
need to use different types of low quality water. 
Population growth has outstripped the expansion 
of cultivated land and has also caused a significant 
drop in cultivated land available per capita. The 
growth of agricultural production could not keep 
pace with the increasing need for food and fibres. 
As a result, food imports have gradually increased, 
endangering Egypt's balance of payments. 
Agricultural production currently contributes more 
than 60% of national income and further 
development of this sector is expected. 
In 1994, the cultivated area amounted to 7.4 
million feddans and the net water consumption 
was 37.5-109 m3. The Government of Egypt has 
adopted the horizontal expansion of cultivated 
lands as a major policy to increase crop production 
and create new job opportunities. It is planned to 
reclaim about 2.9 million additional feddans by 
the year 2000. Further land reclamation using Nile 
water (directly or reused) is difficult to foresee 
without a technological revolution. Reclamation 
of some desert areas using fossil water is however 
possible. Under current irrigation practices and 
with current levels of efficiency in the irrigation 
system, the total irrigation water demands are 
about 51.5-109m3 per year. It is expected that 
irrigation demands will increase to 59.5-109 m3 

and 61.5-109 m3 in years 2000 and 2025 
respectively according to the expectation of 
Ministry of Public Works and Water Resources 
(MPWWR). 
Water in Egypt is also required for various other 
purposes. The municipal water requirements 
amount annually to about 2.9-109 m3 of which a 
significant portion is recovered. The remainder is 
returned to the drainage canal system. Industry 
requires about 5.9-109 m3, of which a minor 
portion (0.6-109 m3) cannot be recovered. The 
water requirement for generating hydro-electric 
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A prolonged period of 

drought underlined the 

urgency to increase the 

reuse of drainage water 

power is fully met by irrigation water releases 
except during the closure period when canals are 
maintained and very low release rates are 
necessary for navigation through the river. At that 
time, a total of 2.1-109m3 per year are released 
and cannot be recovered. Agriculture is, and will 
remain, the largest user of water. Evaporation 
from open water surfaces, which amounts to 
about 2-109m3, and évapotranspiration 
(consumptive use of crops) amounts to about 
37.5 109 m3, represent non-recoverable 
quantities. 

Future municipal demands have been estimated 
on the basis of some scenarios related to 
population growth and the efficiency of the 
supply system. The most optimistic scenario 
assumes a minimal increase in population, 
rationalization of water use and an increase in 
efficiency. The average expectation is that the 
municipal water demands may increase up to 
3.1-109 and 5.1-109m3 by the years 2000 and 
2025 respectively. However, if any of these 
assumptions proves to be incorrect, demands will 
be correspondingly higher. According to the 
different scenarios of the Ministry of Industry for 
growth in industrial production, future annual 
demand for industrial water may reach 10-109 m3 

in year 2025. Current navigation demands will 
decrease after the completion of the Esna Barrage 
and Naga-Hammadi Ship lock from 2.1 109 to 
0.4-109 m3 per year. 

The River Nile will remain the only renewable 
water resource in Egypt. The limited winter rainfall 
on the north coast supplies only 1-2% of the 
annual volume provided by the Nile. Thus, it is 
essential to increase water use efficiency, recycle 
and reuse available water resources and develop 
unconventional water resources to meet future 
needs. Agricultural drainage water is considered 
one of the most economically feasible alternatives 
when it is reused for irrigation on an 
environmentally sound and sustainable basis. 
Reuse of drainage water is not a new 
phenomenon in Egypt: the drainage water 
generated in the Nile Valley south of Cairo has 
returned to the Nile since ancient times. Only 
during the seventies was reuse of drainage water 
introduced in the Nile Delta, at first in the 
southern parts, where the drainage water salinity 
is generally low. In the eighties, a severe and 
prolonged period of drought in the catchment of 
the Nile underlined the urgency for additional 
plans to increase the reuse of drainage water. 
Drainage water became an accepted additional 
source of water, which had to be utilized to the 
maximum possible extent. 

1.2 Scope of the project 

The Reuse of Drainage Water Project (RDWP) was 
initiated to provide the MPWWR with information 
about the volumes of drainage water available in 
the Nile Delta for recycling in irrigation without 
adverse effects to soils and crop productivity. The 
objectives of the project were formulated as 
follows: 

- to determine the quantity of the water 
currently available, its salinity and related 
chemical constituents, in the main drainage 
system of the Nile Delta; 

- to predict the future water quality and quantity 
in the main drainage system of the Nile Delta as 
a result of changing water management 
practices in the future; 

- to predict the long-term effects of reuse of 
drainage water in irrigation in the Nile Delta. 

The RDWP has been implemented in two phases. 
The first phase started in 1983 and terminated in 
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1988, the second phase started in 1991 and 
terminated in 1995. In both phases the project 
was implemented by a cooperative venture of two 
technical agencies: DRI, Cairo, Egypt and SC-DLO, 
Wageningen, the Netherlands. To achieve the 
project objectives, the following activities were 
implemented by the RDWP: 

- the installation and operation of a monitoring 
network covering the main drainage system in 
the Nile Delta to determine and report on an 
annual basis the discharges and water quality; 

- the establishment of a database and regular 
publishing of collected and processed data; 

- the upgrading of analytical laboratory facilities; 
- the development and operation of a 

mathematical simulation model for the Nile 
Delta to predict future changes in 

drain discharge and salinity; 
- the training of Egyptian counterpart staff in the 

implementation of the above facilities through 
special courses and 'on the job training'. 

The physical scope of the project is defined by the 
three Nile Delta Regions: Eastern, Middle and 
Western Delta north of the Delta Barrages. The 
reclamation areas in the Eastern and Western Nile 
Delta Regions were not included. During the 
project implementation, however, it became clear 
that these reclamation areas could not be 
completely ignored. 

The monitored water quality parameters in the 
measurement programme were restricted to 
salinity and the major inorganic cations and 
anions related to water salinity. Occasionally, on 
locations where environmental hazards were 
suspected, other parameters such as nutrients, 
organic compounds, heavy metals and pesticides 
were also measured. In the simulation model, the 
only water quality parameter included is salinity. 
For this purpose, the chloride anion was used as 
an indicator, because this element is not involved 
in adsorption to the soil, nor in precipitation 
reactions. Empirical relations were used to relate 
chloride concentrations to total salinity. 
The simulation model developed by the RDWP 
covers the water flow through the irrigation 
system in the three Nile Delta Regions, on-farm 
water management, and the drainage water 
discharges through the main drainage system. The 

groundwater system itself has been excluded from 
the simulation model and is only represented as a 
(constant) boundary condition. Crop reaction in 
the model is limited to évapotranspiration. A 
reduction in this simulated parameter as a result of 
insufficient water supply or increased soil salinity 
levels is assumed to be an indicator of crop yield. 
No attempts have been made to include crop yield 
modelling in the simulation model. The simulation 
model is primarily intended to serve the needs of 
planners, technical water managers and decision 
makers of the MPWWR. No attempts have been 
made to include economic or social aspects or 
other consequences of water management in the 
simulation model. However, the model outputs 
could easily be made available for further analyses 
in these fields. 

Although the primary aim of the project was to 
provide assistance to the MPWWR in the planning 
and management of water resources, results of 
the project could also be used in Egypt by other 
Ministries and Authorities such as: 

- The Ministry of Public Health; 
- The Ministry of Agriculture, Land Reclamation, 

Fisheries and Animal Husbandry; 

- The Egyptian Environmental Affairs Agency; 
- Research Centres and Universities; 

- Regional and International Agencies involved in 
the development and conservation of water 
resources in Egypt. 

The simulation model that has been developed 
can also be used in other parts of the world with 
similar conditions. 

1.3 Focus of the project 

Reuse of drainage water has been adopted as a 
policy instrument by the MPWWR to maximise the 
use efficiency of limited available water resources. 
Reuse of drainage water has certain advantages. 
Often large investments are not nesessary when 
drainage water can be lifted from drains to nearby 
irrigation canals. In such cases, extensive 
infrastructure does not need to be constructed 
and by proper operation of the receiving canal, 
the Nile water diversion to such canals can be 
reduced accordingly. 
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If agriculture is to be 
expanded in Egypt, water 
use efficiency in existing 
areas must be increased 

Reuse of drainage water also has its drawbacks, 
however. The quantity of available drainage water 
depends on water management procedures and 
practices in the catchment area where this 
drainage water is generated. As such, the quantity 
of drainage water available for reuse in irrigation 
changes when water management systems or 
cropping patterns change. Another important 
aspect of drainage water reuse is that not only 
water is recycled by this practice, but also salts. 
Successful reuse of drainage water is therefore not 
only a question of supplying sufficient water to 
the complete command area, but also to prevent 
harmful effects due to recycling of leached salts. 
This can be achieved through careful water 
management both at the supply and farm level. 
If agriculture is to be expanded in Egypt, water use 
efficiency in existing areas has to be increased. 
Two types of tools provide support in this matter: 
the monitoring network, which provides current 
and historical information on available quantities 
of drainage water for reuse and a model, which 
should be able to evaluate different options for 
saving water from the Nile Delta area. Savings can 
be achieved either by allocating less Nile water to 

the old lands and by increasing the use efficiency 
through reusing more drainage water locally, or by 
transporting drainage water from the Nile Delta to 
desert areas, where saline irrigation water is less 
harmful due to coarser textured soils. Efficient 
allocation for conjunctive use of Nile water, 
groundwater and drainage water, with minimum 
adverse effects on crop production, could be 
attained by using the model as a planning tool. 
For this type of evaluation of alternatives, the 
focus is on the long-term effects of various water 
management alternatives. 

1.4 Reading guide 

This report summarizes findings and conclusions 
previously made and described in detail in several 
related reports and studies. 
Chapter 2 presents an overview of the RDWP's 
achievements. 
In Chapter 3, a summary of the layout, the 
instrumentation and the calibration of the 
monitoring network is given. It provides a 
summary of drainage water quantities and salinity 
that were discharged to the sea or reused in 
irrigation. This chapter also gives a brief 

description of the model developed, the required 
input data and the calibration and validation of 

the model. The model capabilities for evaluating 
different water management options and the 
required expertise are presented at the end of this 
chapter. 
In Chapter 4, a brief review is given of different 

water management options that have been 
analyzed within the framework of the Reuse of 

Drainage Water Project. 
Finally, Chapter 5 deals with the potential of the 
simulation model SIWARE for other purposes and 
future developments. 



Project implementation and achievements 

2.1 Introduction 

The Reuse of Drainage Water Project (RDWP) has 
accomplished a large number of tasks over a 
period of approximately eleven years. The majority 
of these tasks were aimed at providing the 
Government of Egypt with (i) - accurate data 
regarding drain discharges and salinity in the 
major drains in the Nile Delta, and (ii) - the means 
to carry out studies on different water 
management scenarios with a focus on the status 
of current and future possibilities of reuse of 
drainage water. To this effect the RDWP effectively 
delivered: 

1 A comprehensive network of measurement 
locations at all major drains in the Nile Delta, 
including all the facilities needed to collect, 
process, and report the gathered data. 

2 An integrated mathematical simulation model 
covering all major components of the water 
and salt cycle in delta areas under intensive 
agriculture. 

Two project proposals, clearly defining 
aforementioned objectives, were submitted to the 
Netherlands Embassy and were subsequently 
granted and funded by the Netherlands 
Directorate General for International Cooperation. 
The RDWP has been implemented in two phases. 
The first phase started in June 1983 and 
terminated in June 1988. Its major achievements 
were the installation and operationalization of a 
delta-wide network of measurement locations 
along the main drains, usually referred to as the 
'Routine Measurement Programme'; the 
establishment of a computerized database which 
includes drain discharges, drainage water salinity 
and chemical constituents; the publishing of data 
year books and the development of a computer 
model package named SIWARE (S/mulation of 
Water management in the Arab Republic of 
Egypt). Upon completion of the formulation in 
1988, the project team proceeded with the 
calibration and validation of the model for the 
Eastern Nile Delta followed by a number of 
scenario simulations. The availability of reliable 
data proved indispensable for these tasks. In 
1991, the project published a comprehensive 
report containing all results obtained for the 

Eastern Nile Delta (Report 30). 
The second phase of the project started in June 
1991 under the title: 'Reuse of Drainage Water 
Project, Phase II (RDWP-II): Analysis of Water 
Management in the Middle and Western Nile 
Delta'. Similar modelling activities as implemented 
under Phase I for the Eastern Nile Delta were 
carried out for the Middle and Western Nile Delta. 
In addition, closer cooperation with the end-users 
of final project results in the Irrigation and 
Planning Sectors of the Ministry of Public Works 
and Water Resources (MPWWR) was sought. This 
cooperation entailed a mutual exchange of 
information and data, guidance to the project 
staff for addressing the priority issues defined by 
the Ministry, training courses, and transfer of the 
SIWARE package. 

For the proper assessment of sound water 
budgeting in a system where reuse of drainage 
water in irrigation is included in water 
management, a monitoring programme has been 
implemented in the main drainage system. With 
the developed SIWARE model changes in drainage 
water quantity as a result of changing water 
management can also be predicted. Using special 
salinity modules, the SIWARE model also predicts 
changes in salinity in the (reused) drainage water, 
changes in soil salinity in receiving catchments, 
and effects on évapotranspiration. 
The SIWARE model can be used as a tool at the 
MPWWR for annual water-budgeting. Water is 
allocated to the main command canals in the Nile 
Delta according to the anticipated cropping 
pattern, municipal and industrial water 
requirements, groundwater abstraction, drainage 
water available for reuse and the amount of Nile 
water supplied from the Aswan High Dam. Based 
on an assumed available amount of drainage 
water at reuse pump stations, these quantities are 
subtracted from main canal intakes. The SIWARE 
model is used to verify the presence of drainage 
water in sufficient quantities, as assumed during 
allocation. If this proves not to be the case, the 
amount of drainage water is to be adjusted and 
the procedure is repeated with lesser quantities of 
drainage water. 

As a by-product of the project's activities a 
tremendous amount of valuable data has been 
stored on files and in databases for the whole of 
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the Nile Delta. These data involve for instance (i) -
the irrigation canal system (lay-out, dimensions, 
discharges, etc), (ii) - the drainage canal system 
(lay-out, discharges, official reuse, salinity, etc.), 
(iii) - crops (patterns, duties, irrigation frequencies, 
planting and sowing dates, succession, 
development, ratios between cultivated and gross 
areas, etc.), (iv) - climate (potential 
évapotranspiration, rainfall, etc.), (v) - soils 
(texture, hydraulic conductivity, diffusivity, 
moisture characteristics, swelling and shrinking 
characteristics, drain depths and spacings, etc.), 
(vi) - groundwater abstraction (agriculture, 
municipal and industrial use), (vii) - municipal and 
industrial withdrawal from irrigation canals, (viii) -
hydrology (piezometric levels, salinity of 
groundwater, clay-cap thickness and permeability, 
etc.). 

2.2 Activities during Phase I 

In the DRI proposition to implement Phase I of the 
RDWP the following activities were mentioned: 
1 Installation and operation of a monitoring 

network for drain discharges and salinity in the 
Nile Delta, which became known as the 
'Routine Measurement Programme' (RMP); 

2 Upgrading of laboratory practices and facilities; 
3 Development of a physically based 

mathematical simulation model (SIWARE) for 
the prediction of drain discharges and salinity 
at the various locations where drainage water 
is reused (or envisaged to be reused) for 
irrigation purposes; 

4 Calibration and validation of the SIWARE 
simulation model; 

5 Application of the simulation model for a 
number of water management scenarios in the 
Nile Delta; 

6 Transfer of knowledge to and training of DRI 
staff; 

7 Reporting. 

The first three activities were effectively 
accomplished during a time-span of 
approximately four years. The establishment of 
the monitoring network can be described as 
extremely successful with, since 1984, an 

uninterrupted flow of data and of publications of 
yearbooks presenting drain discharges and salinity 
at some 20 strategic locations and pumped rates 
and salinity of virtually all 70 drainage and reuse 
pump stations in the Nile Delta (Report 20). A 
steady increase in the accuracy was achieved 
through continuous calibrations. In addition, a 
database was developed for data storage and 
retrieval, including some modules for processing 
and presentation. 

The DRI laboratory was steadily refurbished in 
order to cope with the increasing demand for 
chemical analyses of the water samples taken 
from the drains. The analyses include the major 
ions and such derived parameters as TDS (Total 
Dissolved Salts) and SAR. The laboratory currently 
functions satisfactorily, with their own automated 
data entry, providing reports which can be directly 
included in the yearbook publications. 
Data on discharge of drainage water are obtained 
from monitoring the operation of the drainage 
pump stations and water depths at open drain 
locations using the regular calibration of drainage 
pumps and the established stage-discharge 
relations at the open drain locations. The drainage 
water salinity has been determined through 
recording of the electrical conductivity of the 
drainage water at the pump stations and at open 
drain locations. A number of tailor-made 
programs for the elaboration, checking and 
presentation of data is included in the database 
system. Facilities for retrieval and reporting of 
historical data are included in the database 
management system. 

The development of the complete model package, 
on the other hand, appeared such a laborious task 
that it was decided by the end of the project in 
1988 to restrict the application to the Eastern Nile 
Delta only. In close consultation with the Irrigation 
Sector, three different water management 
scenarios were selected for evaluating potential 
savings on the use of Nile water, namely: (i) -
substituting rice by maize in the cropping pattern, 
(ii) - an expansion of the cultivated areas by 
reclaiming adjacent desert lands, and (iii) - re-
introduction of 24 hour irrigation with low 
capacity lifting tools as previously used by farmers. 
Analyzed output parameters were (among others) 
the realized irrigation water savings, the total 
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With SIWARE a step-wise 
reduction of the water 
supply to the Middle Nile 
Delta has been evaluated 

reuse of drainage water, crop reaction, and soil 
salinity. All results were laid down in a 
comprehensive final report for Phase I (Report 30) 
and a number of papers presented at various 
conferences. 

From the start of the project until the official end 
of Phase I in 1988, an extensive transfer of 
knowledge took place at different levels. The DRI 
staff was closely involved in the following 
activities: 

- setup of the monitoring network; 

- selecting measurement methods; 
- data collection; 
- data processing; 
- data presentation; 
- model formulation; 

- model implementation. 

Various on-the-job and tailor-made training 
courses were provided (both locally and abroad) 
for project staff members. 

2.3 Activities during Phase II 

In 1989, when it became clear that the SIWARE 
model package could be used in water resource 
planning and management to provide realistic 
answers to questions concerning the effects of 
various water management policies, DRI decided 
to submit a new project proposal to the 
Netherlands Directorate General for International 
Cooperation. This project proposal stipulated the 

following major activities, to be implemented 
over a period of three years: 
1 The calibration and validation of the SIWARE 

package for the Middle and Western Nile 
Delta; 

2 Satellite data study; 
3 Knowledge transfer and training; 
4 Reporting; 
5 Additional activities. 

Modelling Middle and Western Nile 
Delta 

A huge amount of input data was collected and 
processed for the Middle Delta. The model 
calibration on the basis of the data 1987 and the 
validation of the model simulations was 
successfully completed using input data for the 
year series 1985 through 1989. Results were 
largely within the accuracy limits set during Phase I 
(Report 44). Two water management scenarios, 
one addressing a step-wise reduction in the total 
water supply to the Middle Delta and another one 
dealing with the possible effects of large 
variations in the cropping pattern, were studied as 
well (Report 45). 
Also for the Western Delta a large amount of data 
was collected. However, additional data had to be 
gathered after it appeared that no satisfactory 
results could be obtained for the selected 
calibration year 1987. After a thorough analysis of 
the available input data and consultation with the 
staff of the Irrigation Sector, switching to 1989 
input data set improved considerably the results of 
calibration and validation of the model for the 
Western Nile Delta (Report 46). Finally, one 
scenario was simulated handling a two-step 
increase in the reuse of drainage water from the 
Umum drain concurrently with a two-step 
expansion in cultivated area by additional land 
reclamation in the Western desert fringes of the 
Delta (Report 47). 
It should also be mentioned that the inauguration 
of a Task Force in November 1993, staffed by 
officials of the National Water Research Center 
(NWRC) and the MPWWR, substantially expedited 
the selection of the scenarios for the Middle and 
Western Delta. This committee also facilitated the 
acceptance of the modelling results at the 
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MPWWR and provided a suitable platform for 
future cooperation as well. 

Satellite data study 

The decision to process one or more satellite 
images was taken on the basis of a previous useful 
experience involving the Eastern Delta. Therefore, 
the project contracted a local agency, who 
processed two Landsat images (1987 and 1989) 
covering a major part of the old land in the 
Western Delta and the bordering reclamation 
zone in the Western Desert. Of both images the 
net agricultural area was determined. 
Furthermore, a crop classification was carried out 
discriminating between the areas cultivated with 
cotton, vegetables, and trees (1989 image only). 
Since the activity is considered to be recurrent, 
measures were taken to further strengthen DRI's 
capability to interpret pre-processed images. Most 
facilities (computer hardware and software) for 
this purpose were already in place by the end of 
the project. 

Knowledge transfer and training 

Training and the transfer of knowledge were 
largely achieved through specific courses, on-the-
job training, and workshops. The courses 
addressed such items such as (i) - the structure and 
potential of the SIWARE model package, (ii) - the 
data requirements for SIWARE applications, (iii) -
schematization procedures involved for SIWARE 
applications, (iv) - principles of remote-sensing 
and data processing techniques, (v) - introduction 
to Geographical Information System software 
(ARC/INFO). 

On-the-job training was provided to project staff 
and engineers from the MPWWR through the 
various modelling stages carried out during the 
project. Major training elements were the 
calibration and validation of the model package 
for the Middle and Western Nile Delta, followed 
by the simulation of a number of water 
management scenarios. In addition, one project 
engineer was trained at SC-DLO and ILRI 
(International Institute for Land Reclamation and 
Improvement) in techniques for coupling the 
SIWARE package to a groundwater model. Such 

coupling is expected to be a necessary future 
development in the SIWARE package to account 
for the interaction between the surface and 
groundwater dynamics and changes with respect 
to time. 

The project organized three workshops. The first 
one took place during the inception phase of the 
project with the objective informing MPWWR staff 
(Headquarters and regional offices) about the 
potential of the SIWARE package and its data 
requirements. The increased awareness and 
interest of the MPWWR staff definitely facilitated 
the data collection later on. A second workshop in 
April 1992, addressed the issue of the water 
management scenarios to be included in the 
model simulations and was also attended by 
officials of the MPWWR. Finally, the project 
convened a third workshop to present the final 
achievements and products to a broad forum. 
Various other round-the-table meetings were 
organized as well, mostly with MPWWR staff 
when urgent issues had to be resolved. 

Reporting 

A large number of reports were prepared dealing 
with practically all aspects covered by the project. 
A complete list of published reports, technical 
papers, and workshop proceedings is presented in 
Appendix 1. 

Additional activities 

During the execution of the project a number of 
additional activities were identified as essential for 
attaining the objectives stated in the project 
proposal. These activities were: 

- Transfer of the SIWARE package to MPWWR; 
- Development of two User Interfaces; 
- Installation of a Local Area Network (LAN) in 

DRI; 

- Purchase of GIS (Geographical Information 
System) software. 

Transfer of SIWARE to Irrigation and Planning 
Sectors 
In the project proposal the Irrigation Sector within 
the MPWWR was identified as the most likely end-
user of the modelling results. At the onset of the 
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project, however, also the Planning Sector within 
the same Ministry came into view. Around the 
same time, it was decided as well to transfer the 
total model package rather than the output 
results alone to both end-users. In order to enable 
such a transfer, the SIWARE package had to be 
ported from the VAXA/MS platform initially used 
by DRI to the PC-DOS/WINDOWS environment. 
This task has not only been realized for 
DOS/WINDOWS, but also for the UNIX 
environment, which has been identified as the 
future operating system for both National Water 
Research Center (NWRC) and MPWWR's 
computer applications. 

Development of User Interfaces 
It was acknowledged half way through the project 
that for a successful transfer of the SIWARE model 
package to the MPWWR the availability of a 
Graphical User Interface (GUI) would be essential. 
It was contemplated that such an interface would 
(i) - free the user from laborious and complicated 
tasks such as file management, (ii) - facilitate data 
input, and (iii) - enhance output data 
presentation. The GUI was implemented in Egypt 
for reasons such as having local support directly at 
hand and cost effectiveness. The project has 
secured future support for the GUI through a 
modular setup and by selecting familiar 
programming tools. 

Furthermore, the need for a second User Interface 
was assessed as well. Such an interface was 
contemplated to significantly facilitate data input 
and data processing by expert users at DRI, which 
so far tended to be a laborious job prone to 
mistakes. The project therefore contracted a 
software house for its implementation. Both 
interfaces are provided with sufficient 
documentation and user manuals to facilitate 
their use and possible future development. 

interaction had to be improved. Thereto the 
decision was taken to install a Local Area Network 
(LAN) in DRI. In addition, the DRI Local Area 
Network has been linked to the central computer 
of the National Water Research Center as a part of 
a Wide Area Network, thereby providing access to 
remote utilities and E-Mail facilities through 
Internet (Fig. 1). 

GIS software 
A two-fold need for GIS software arose during 
project implementation. First, it appeared 
mandatory that DRI should have all available tools 
for all modelling stages involved in the application 
of the SIWARE package. One of these stages is the 
schematization, or partitioning, of the selected 
area into calculation units which can be handled 
by the model package. This stage was previously 
handled at SC-DLO using the ARC/INFO package. 
Secondly, the local processing of satellite images 
proved to be arduous, while it was acknowledged 
as a recurrent activity. Since recent versions of 
ARC/INFO could be delivered with image 
processing modules, the decision was taken to 
purchase this package. 

Installation of Local Area Network 

All computers and peripherals available at DRI 
were originally operated as stand-alone devices. 
Also the communication between the DEC 
platforms (workstation and mini-computer) and 
the Personal Computers was tedious and time-
consuming. Since modelling activities were 
foreseen to proceed on both platforms, the 
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3.1 Introduction 

Since Egypt's water resources are limited, 
expansion of the irrigated area can only be 
realised by increasing water use efficiency. Among 
other alternatives, reuse of agricultural drainage 
water has been considered as an important 
supplementary source for irrigation water and an 
effective and economic way to increase water use 
efficiency. Preliminary investigations in the late 
seventies revealed that a substantial quantity of 
drainage water flowing to the sea has reasonable 
salinity which makes it suitable for reuse for 
irrigation. On the other hand, reuse of drainage 
water is prone to salinization hazards and 
associated adverse socio-economic effects. 
For the development of plans for reuse of 
drainage water, the Ministry of Public Work and 
Water Resources (MPWWR) needs accurate 
information concerning the current and future 
possibilities and impacts for such activities. 

Sustainability of Egypt's 
agriculture is secured 
through a drainage canal 
network 

Therefore information has to be provided with 
respect to: 
- the location at which certain quantities of 

suitable drainage water are available for reuse; 

- the location at which drainage water is 
needed, either separately or after blending 
with fresh Nile water; 

- the effect on surface water quality when 
drinking water and industrial water are 

abstracted downstream of the mixing point; 
- the long-term effects of using such water on 

soil salinity and crop productivity; 
- the effectiveness of the implemented 

measures; 
- the effect of other water management 

measures on the efficiency and sustainability of 
the implemented measures. 

Two types of tools were developed for supporting 
the decision makers in water management 
involving drainage water reuse. They consist of a 
monitoring network and the associated database 
for information about the historical and current 
situations and a simulation model for evaluation 
of different water management options and their 
impacts on the evolution of soil salinity and crop 
yield. The possibility of evaluating alternative 
solutions or plans is especially useful during the 
plan preparation phase and when selecting the 
most attractive alternative. 

3.2 Monitoring programme 

Most of Upper Egypt's drains discharge their 
water into the Nile by gravity, which marginally 
affects the quality of the Nile water, since the 
salinity only increases from 250 g.rrr3 at Aswan to 
300 g.rrr3 at Cairo. The areas served by these 
drains are relatively small, due to the narrow width 
of the Nile Valley and information about them is 
limited. All of Middle Egypt's drains discharge into 
the irrigation system (Nile, Bahr Youssef or Rosetta 
Branch). Information regarding the quality of the 
drainage water is also limited. 
The drainage system in the Delta is rather 
extensive and serves 4.7 million feddans of the 
total 7.4 million feddans of agricultural land in 
Egypt. Drainage water from 22 drainage 
catchments flows by gravity to main open drains 
where it either discharges to the Northern Lakes 
or is pumped by 21 reuse pump stations into 
irrigation canals, mixed with fresh Nile water and 
reused for irrigation. The total length of the main 
drains in the Nile Delta is about 1,600 km. 
The ultimate goal of the monitoring programme is 
to obtain accurate information related to the 
quantity and quality of drainage water at strategic 
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locations along the main drains in the Nile Delta 
where significant changes take place due to the 
addition to or withdrawal from the drain. 

3.2.1 Measurement network 

In 1977 the Drainage Research Institute started to 
collect water samples from about 47 sites located 
along the drains and drainage pump stations 
spread over the Delta on a monthly basis. The 
open drainage system was surveyed in 1980 by 
field inspection and a permanent network for 
routine monitoring was established. The data on 
discharge and salinity have been collected since 
1980 on a fortnightly basis, using very simple 
measuring methods. DRI with the involvement of 
Delft Hydraulics, started a calibration programme 
in 1981. The description of the activities and 
procedures used at the start of the Reuse of 
Drainage Water Project (RDWP) is presented in 

Report 1. 

Since the start of the project in 1983, the network 
has been continuously maintained and upgraded 
to provide reliable measurements following 
standard methods and procedures. The 
monitoring network initially consisted of about 20 
open locations and 70 pump stations, amongst 
them 21 for reuse of drainage water. A number of 
locations appeared not to be strategic and have 
since been abandoned. The current monitoring 
network consists of 80 measuring stations 
distributed as shown in Figure 2. 
The measurement network of the RDWP covers 
most of the catchments in the Nile Delta. It 
contains major points of inflow, mainly drainage 
pump stations and important points of 
abstraction, mainly reuse pump stations. Check 
points are located at strategic locations along the 
main drains. A complete description of the 
monitoring network is given in Report 20. 
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In 1988, the responsibility for the monitoring 
network was completely transferred to DRI. A 
competent staff from DRI was trained in Egypt and 
the Netherlands to carry out the programme 
monitoring activities. Annually about six hundred 
man days are spent in the field for routine 
measurements, re-calibration of stage-discharge 
relations and maintenance of the field equipment. 
The DRI monitoring team also maintains and 
updates a comprehensive database of all relevant 
data produced by the measurements programme. 

Instrumentation 
The instrumentation of the network started in 
1984 to enable a continuous and permanent 
monitoring of discharges and salinity. Operation 
time counters, level gauges and EC meters have 
been installed at the pump stations. Level gauges, 
EC and velocity recorders have been placed at 
open drain locations. A special velocity recorder 
(ENDECO) for the continuous recording of flow 
velocity and flow direction, temperature and 
salinity of water was installed at the Bahr Hadus 
outfall where back water effects were expected. 
The option for flow direction was needed to verify 
whether during certain periods intrusion would 
occur from the Lake Manzala into this drain. The 
completion of the instrumentation and the 
installation activities was reached at the end of 
1987. Since then checkups have been carried out 
on a regular basis. 

Two important outfall drains were equipped at the 
end of 1994 with cable-way winches to measure 
the flow velocities at their outlets. The first is Bahr 
Hadus Drain in the Eastern Nile Delta which is one 
of the main sources supplying El Salam Canal with 
drainage water (about 109 m3 per year). The 
second is the Edko Drain in the Western Delta. 
Both sites are influenced by back water effects. 
The new instrumentation will increase the 
accuracy of the measurements. 
A description of the equipment installed as well as 
the installation requirements at the measuring 
points, the procedures used for measurements 
and data elaboration are presented in Report 17. 

Calibration 
For each measurement location of the network a 
stage-discharge relationship has been established, 

giving the discharge quantity as a function of the 
easy to measure water level. In some cases back 
water effects occur. For those locations a 

discharge relation has been established as a 
function of the flow velocity at a fixed point and 
the corresponding cross-sectional area resulting in 
velocity-discharge relationships. A detailed 
description of the procedures to be followed 
during calibration at the measuring points and the 
elaboration of the field data to obtain rating 
curves are described in a manual (Report 17). 
A first series of these calibration measurements 
was completed in 1986. The results have been 
presented in the Reports 6, 8, 9, 21 and 26 
dealing with the three Delta regions. These reports 
give an extended description of the process and 
procedures followed for the determination of 
discharge relationships for both pump stations 
and open locations. The calibration of the rating 
curves has been repeated at regular time intervals. 
This has resulted in an accuracy of individual 
calibration measurements ranging from 2-4% at 
open drains to 6-7% at pump stations (Report 
16). The discharge measurements can therefore 
be considered highly accurate. 

Routine measurements 
Measurements at pump stations are made twice a 
day or whenever substantial changes take place. 
They include the measurement of lifting head 
(difference in water levels at the suction and the 
delivery side of a pump station), and the electrical 
conductivity of the drainage water at the delivery 
side of the pump that is operating. The daily 
number of operation hours of each pump unit is 
also recorded. 

The discharge at open locations is determined by 
different methods. The discharge of the drain is 
measured directly at its outfall or (for lower order 
drains) as the difference between the discharge 
measured in the higher order drain downstream 
and upstream of the location where the lower 
order drain disposes its water. Measurements at 
intermediate points in drains are used for 
checking purposes. Discharge measurements at 
the outfall of drains to the Coastal Lakes or to the 
Mediterranean Sea provide insight into the total 
drainage water releases to the sea. 
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3.2.2 Data analysis 

Laboratory data 
The DRI laboratory has an important task in the 
RDWP. The water samples regularly taken every 
three weeks during the routine measurement 
programme are analyzed in the laboratory. The 
laboratory analysis of each sample comprises the 
EC (Electrical Conductivity), TDS (Total Dissolved 
Salts), pH, SAR (Sodium Adsorption Ratio), 
adjusted SAR, RSC (Residual Sodium Carbonate), 
Ca2+, Mg2+, Na+, K+, C03

2\ HC03\ S04
2" and Cl\ 

Relationships have been derived between EC and 
TDS for each measurement location. These 
relationships are used for the translation of 
measured EC values in the drains into TDS values 
to decrease the workload at the laboratory. A full 
description of the procedures followed at the DRI 
laboratory is presented in a laboratory manual 
(Report 19). 

Database system 
With the establishment of the measurement 
network which started in 1984, the routine 
monitoring of drainage water quantity and quality 
became a fact. This of course generated a 
considerable continuous flow of data to be stored 
and elaborated. 

A computerized database system for storage, 
elaboration and retrieval of data collected in the 
routine measurement programme has been 
developed and continuously maintained and 
updated since 1985. A number of tailor-made 
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programs for the elaboration, checking and 
presentation of data is included in the database 
system. The database includes two sub-databases. 
One stores drain discharges and salinity after field 
data have been processed by a special application 
program. The other one stores the chemical 
composition of drainage water and is linked with 
a database of the laboratory. 
Information on historical discharge rates, its 
salinity and chemical composition at each 
measurement location can be retrieved from the 
database. The preparation of output for the 
yearbooks is started by a simple command 
procedure. A description of the database system 
and the corresponding computer programs is 
presented in Report 18. 

Yearbooks 
Yearbooks, summarizing the results of the 
monitoring programme are published on a regular 
basis. For the period 1980-1983 the data 
concerning discharge and chemical composition 
were published separately for each of the Eastern, 
Western and Middle Delta. These data are given 
on a monthly basis in the Reports 4, 5, 10, and 11. 
Since 1984 results of the monitoring programme 
of the three delta parts are combined. The 
yearbooks consist of two parts, the first one deals 
with calculated monthly discharges and total salt 
loads per location in the Delta, while the second 
part gives the average monthly chemical 
composition per location. The aim of these 
yearbooks is to present the discharges and salinity 
of drainage water as the basis for further analyses 
of the results obtained through the monitoring 
programme (Reports 13, 14, 15, 31, 32, 33, 34, 
35,37,38,39). 
The discharges of the pumping stations which are 
based on recent stage-discharge relations for each 
individual pump, have been compared with the 
discharges calculated by the Mechanical and 
Electrical Department of the MPWWR. When 
significant differences are noticed, the rating 
curve of the pump station is recalibrated. 
The data yearbook includes an introductory part 
which summarizes the annual quantity of 
drainage water flowing to the sea and the reused 
portion in each of the three Delta regions, East, 
Middle and West. It also gives a classification of 
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the drainage water flow to the sea according to its 
salinity. It also presents delta maps showing the 
spatial distribution of the drainage rates, drainage 
water salinity and adjusted SAR over the Delta. 

3.2.3 Overview of available drainage 
water 

The drainage water monitoring programme 
clearly reveals that the drainage water quantity 
changes with time. The variations occur from 
month to month, season to season and year to 
year. The annual variations are primarily 
dependent on water use policies and the 
management of the main supply system, in 
particular the releases of the High Aswan Dam. 
The total drainage water discharged annually to 
the sea has varied from a maximum of 13.7-109 

m3 in 1984/1985 to a minimum of 11.5-109 m3 in 
1988/1989 as shown in Figure 3. 
The salt concentration in the drainage water 
depends on the quantity and salinity of irrigation 

water, soil salinity, groundwater salinity, distance 
from saline lakes or sea, climate and water 
management practices. Figure 4 illustrates the 
annual average drainage water salinity within 
each drainage catchment area in the Delta for the 
year 1992/1993. It shows that the drainage water 
salinity in the southern part of the Delta is low and 
ranges between 750 to 1000 g.nr3 as it is only 
affected by irrigation water salinity. In the middle 
part of the Delta, where soil salinity is moderate, 
the drainage water salinity ranges from 1000 to 
2000 g.nr3. This rise is attributed to the salts 
originating from seepage of saline groundwater 
and from desalinization of soils through 
subsurface drainage. In the most northern part of 
the Delta parallel to the sea coast, drainage water 
salinity is high and reaches more than 3000 g.rrr3 

in some locations. This is due to artesian upward 
seepage of saline groundwater, sea water 
intrusion and high soil salinity in this part of the 
Delta. 
The average drainage rate during 1992/1993 per 
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drainage catchment area is shown as a typical 
example in Figure 5. The drainage rate is quite low 
in the south of the Delta where the water-table is 
low and natural drainage is high. The situation in 
the north is different. Extremely high rates were 
recorded in the catchments adjacent to the coast. 
There is no doubt that in these areas where the 
drainage rate exceeds the irrigation rate, a 
significant portion of the drainage water is not 
merely excess irrigation water. The northern parts 
of the Delta are subject to upward seepage of 
brackish groundwater. This seepage water is partly 
responsible of the high rates in the northern 
catchments. Another reason for the high rates in 
the north of the Delta is the high intensity of rice 
cultivation. 
The low flows of the Nile water during the 1980s 
were associated with a reduction in the total 
official reuse of drainage water (Fig. 6). The 
volume of drainage water which was annually 
reused during the period 1984/1985 to 
1992/1993 varied from 2.7-109 m3 in 1987/88 to 

4.2-109 m3 in 1990/91. This water was pumped 
into irrigation canals and mixed with volumes of 
fresh water depending on the salinity of the 
drainage water used. The highest quantity of 
drainage water reused is currently in the Middle 
Nile Delta. 
Both unused and reused drainage water has 
become steadily more saline since 1984. In 
1984/1985 the reused portion had an average 
salinity of 860 g.nr3 (0.135 S.mr1); by 1992/1993 
it was 1200 g.nr3 (0.19 S.rrr'). This trend is also 
seen in the salinity of the unused drainage water 
as shown in Figure 7. The trend towards increased 
drainage water salinity has been reversed since 
the beginning of the 1990s but the salinity level is 
still higher than at the beginning of the 
monitoring programme. 
Based on field observations, a conservative 
estimate of 2-109 m3 was unofficially reused by 
farmers withdrawing directly from the drains. 
Lands along the main drains are located at the tail-
ends of the supply irrigation canals where a 



33 Tools developed for water management evaluation 

Quantity (109m3) 

5 r 

2 -

Quantity • Salinity 
Salinity (gm"3) 

1400 

1200 

1000 

800 

600 

- 400 

- 200 

84/85 85/86 86/87 87/88 88/89 89/90 90/91 91/92 92/93 

Year 

Fig. 6 
Quantity and salinity of 
reused drainage water in 
the Nile Delta, 1984-1993 
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shortage of water forces farmers to rely on 
drainage water as a more reliable continuous 
source for irrigation. This unofficial reuse, in 
combination with changes in water supply and 
official reuse of drainage water, explains the 
increase in salinity of the drainage water and 
directly affects the quality of water discharged and 
reused. 
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3.3 The SIWARE model 

One of the fundamental limitations in the 
planning of future irrigation water management 
in Egypt is that changes in the quantity and salinity 
of reused drainage or irrigation water as a result of 
changes in water management, cropping patterns 
or other developments cannot be derived from 
historical data on drain discharge and salinity. The 
proper procedure for predicting changes in such 
complex situations is to formulate all relevant 
physical, hydrological, agronomical and functional 

relationships and combine them in a simulation 
model. The simulation model SIWARE (5/mulation 
of Water management in the Arab Republic of 
f gypt) was developed by the RDWP as a tool for 
predicting drainage water quantity and salinity for 
any given water management or cropping pattern 
option. SIWARE is a package of programs and 
includes a number of physically based models, 
each having a specific function in the simulation 
of regional or national water management. 

3.3.1 Description 

The SIWARE program package (Report 40, User 
guide Report 27) requires the subdivision 
(schematization) of the study area into a number 
of subareas (calculation units). For each subarea 
irrigation water is supplied through only one 
(main) irrigation canal and the drainage water 
generated in the subarea is released to only one 
drainage canal. Soil type, land use and all other 
characteristics are more or less uniform within the 
borders of a subarea. The supply rate to the 
subareas is assumed to be continuous and 
irrigation rotation is therefore not included in the 
model. A flow chart of the SIWARE model, its 
programs, inputs and outputs is presented in 
Figure 8. 

DESIGN 
The DESIGN program (Report 25) deals with the 
allocation (distribution) of available Nile water 
among the intakes of main canals which is based 
on the principle of proportionality between supply 
and demand. Canal water is required to meet 
domestic, industrial, agricultural demands and to 
maintain water depths for navigation if the canal 
is navigable. The total demands of water per main 
canal intake per ten-day period, is reduced with 
the anticipated quantities of abstracted 
groundwater, the average rainfall, and the 
anticipated quantities of drainage water returned 
to the canal through reuse pumps. The 
agricultural demand for water is determined from 
the area of different crops and average crop water 
requirements per ten-day period. Only ten major 
crops are included. The area of the minor crops is 
added to the most resembling major crop. Once 
the supply rates to the main canal intakes are 
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Fig. 8 
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determined according the planning procedure of 
the MPWWR, the flow rates in the (hierarchical) 
canal system are calculated, assuming water 
distribution proportional to the demands. Also the 
water depths upstream and downstream of 
control structures and the required settings of the 
control structures (gates or weirs) are calculated as 
an option. 

WATDIS 
The actual water distribution among the subareas 
is calculated with the WATDIS program (Report 
25, User guide Report 23). This distribution will 
deviate from the distribution planned by the 
MPWWR for three reasons. First the irrigation 
capacity of irrigation tools used by farmers is in 
reality higher than was assumed in the original 
design of the irrigation canal system (use of diesel 
pumps instead of sakkias). Secondly, farmers tend 
to over-irrigate their crops to a certain extent in 
order to cope with rough land levelling. Lastly the 
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crop water requirements are not the same to the 
whole Delta, but differ because of different soil 
types, different climatic conditions (relative high 
evaporative demands in the fringes of the Delta, 
relative low evaporative demands in the coastal 
regions) and different seepage conditions 
(downward seepage in the southern Delta and 
upward seepage in the north). The water 
distribution is calculated by means of a simplified 
approach of dynamic flow through canals, the 
simulation of the management of the control 
structures conform the water distribution, 
planned according the procedures of the 
MPWWR, water abstraction for irrigation 
according to exact water requirements at this 
location, return flow of drainage water through 
reuse pumps and water withdrawal for municipal 
and industrial use. 

WDUTY 

The water requirements of each crop in each 
calculation unit for each irrigation interval is 
calculated with the WDUTY program. The 
potential évapotranspiration is calculated from 
local meteorological stations and tabulated for 
different crop heights and soil cover. The actual 
évapotranspiration is bound to the potential 
évapotranspiration and is reduced when moisture 
stress, depending on crop physiology, is 
experienced between two successive irrigations. In 
the WDUTY program effects of soil salinity on 
évapotranspiration is ignored in order to calculate 
the maximum possible évapotranspiration. For the 
calculation of the actual évapotranspiration the 
program assumes abundant water supply. The 
total quantity, however, depends on the moisture 
deficit, on-farm conveyance losses and drainage 
losses during and after irrigation. Furthermore, 
seepage or leakage is accounted for. The total 
quantity of water passing the soil surface is limited 
by the maximum infiltration opportunity time of 
the different crops, expressing their susceptibility 
to prolonged oxygen deficiency. The average 
actual évapotranspiration is equal to or less than 
the potential évapotranspiration. The actual 
évapotranspiration calculated by the WDUTY 
program is referred to as the maximum or 
optimum évapotranspiration. 
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REUSE 
For the simulation of drainage from the 
calculation units by the REUSE program (Report 
22), the calculated irrigation water abstraction by 
farmers in each calculation unit is distributed 
proportionally among the field crops. Use of 
drainage water for supplementary irrigation 
within certain limits when water shortage occurs, 
is a farmer's decision and built into the program as 
a decision procedure. This use of drainage water is 
referred to as unofficial reuse and is withdrawn 
from either the regional drains or the local drains 
or from both. Nevertheless when water shortage 
remains, water is distributed according to the 
drought sensitivity of crops ('farmers preference'). 
It is virtually impossible to include all field plots of 
all the crops in the program calculations. One 
representative plot for each different major crop is 
considered in the program instead. A special 
algorithm is included in the program to determine 
the agricultural drain discharge and salinity, 
évapotranspiration, seepage and leakage, and soil 
salinity evolution for the whole calculation unit on 
the basis of corresponding calculated outputs of 
each representative plot. Furthermore the 
program calculates the salinity water in irrigation 
canals resulting from mixing with drainage water 
at the delivery side of reuse pumps and upward 
seepage of saline groundwater in seepage 
effected areas. 

FAIDS 
The application efficiency is determined by the 
FAIDS program (Report 29) through the 
simulation of the field irrigation. This program is 
built into both of the REUSE and the WDUTY 
programs. 

The calculations include the determination of on-
farm conveyance losses, the movement of a water 
front across a representative field plot during 
irrigation, the simultaneous infiltration and loss of 
water at locations in the plot where the total 
infiltration exceeds the water holding capacity of 
the soil or losses due to surface runoff. The total 
infiltration is restricted by either the supplied 
quantity of irrigation water or by the maximum 
infiltration opportunity time, which is determined 
by the sensitivity of crops to prolonged oxygen 
deficiency in the root zone. The program 

determines the leaching of salts from the soil 
during the irrigation and subsequent drainage. On 
shrinking and swelling soils the losses of water 
during irrigation through the cracks to the 
drainage system is considered ('rapid drainage'). 
As the swelling proceeds the rate of the losses 
diminish and become insignificant when swelling 
is complete. 
Water losses to the atmosphere through 
evaporation from the soil surface and 
transpiration of crops, to the drainage system, and 
recharge (leakage) or discharge.(seepage) of the 
groundwater system are calculated for each 
representative field plot during each period 
between two successive irrigations. The leaching 
rate of salts from the soil and the redistribution of 
salts in the soil profile (Fig. 9), including the effect 
of upward capillary flow to the root zone, are also 
calculated during this period. 
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The quantity and salinity of drainage water from 
all representative field plots are combined and 
transformed through a special algorithm in the 
REUSE program, considering resident time, to the 
drainage of the whole calculation unit. This 
quantity and its salinity is combined with spill 
losses from distributaries, disposal of sewage 
water and losses over the tail-ends of irrigation 
canals and added to the regional drains. The 
regional drains are considered as part of a 
hierarchical canal system where flow rates are not 
subject to dynamic changes. The flow rate 
changes when reuse pumps withdraw water from 
the drain, when drainage water from calculation 
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units is disposed or when canal seepage occurs. 
Both the salinity and flow rate in the regional 
drains increases in seepage affected regions. At 
the locations of reuse pump stations the actual 
quantity of abstracted drainage water per ten-day 
period from drainage canals is calculated. The 
program gives a warning when the anticipated 
quantity or salinity cannot be realized and 
provides the calculated quantity and salinity. 

3.3.2 Schematization and input data 

Although all relevant processes were simulated in 
the model, implicit simplified assumptions limit 
the accuracy of model output. Also spatial 
variability and heterogeneity cannot be considered 
to the extent of their real occurrence, so averaging 
and regional schématisation are necessities when 
applying the integrated regional water and salt 
management model SIWARE to all parts of the 
Nile Delta. 

The Nile Delta has been schematized into a 
number of subareas according to the model 
requirements and are to a certain extent uniform 
with respect to soil hydrological, climatic and 
water supply conditions. The subdivision of the 
Delta by the MPWWR in administrative units, the 
so-called Irrigation Directorates for the 
management and operation of the water 
distribution system and the further subdivision of 
these Directorates into Irrigation Districts with a 

different number of distributary canals, has been 
reckoned by the model. Since the model 
calculation follows both the irrigation system 
hierarchy and the drainage system hierarchy, these 
districts have been split up into smaller units. The 
Nile Delta has been subdivided into 285 
calculation units, of which 88 in the Eastern Delta, 
116 in the Middle Delta and 81 in the Western 
Delta (Fig. 10). 

The input data required for running the model are 
described below. They comprise five main groups. 
System layout 

This group of data includes the lay-out of the 
irrigation and drainage canal system, the position 
of control structures, reuse and drainage pump 
stations, major water intake points for drinking 
and industrial water (abstraction rates by minor 
intakes are combined per calculation unit) and the 
areas served downstream a number of strategic 
locations along the irrigation canals. 

Soils and climate 

This group of input data includes a soil map and a 
description of the physical characteristics of the 
different soil types, a map with thickness of the 
clay cap overlaying the aquifer system, together 
with a description of its physical characteristics. 
Information on rainfall and data for the 
determination of the potential évapotranspiration 
(net radiation, wind velocity, relative humidity, 
temperature, hours of sunshine) are required. 

Agriculture 
Data in this group comprise crop physiology: crop 
growth development, sensitivity to oxygen 
deficiency, moisture deficit and salt stresses, and 
furthermore data related to farm management: 
irrigation schedules of different crops, crop 
rotation and capacity of irrigation device (sakkia or 
pump). 

Water management 
This group of data relates to the total water 
demand: average crop water requirements, areas 
grown with different crops in different regions, 
water requirement for municipal and industrial 
water use, navigation requirement and 
conveyance losses. Also included are data 
regarding the available water resources 
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comprising quantity and salinity of Nile water, 
anticipated quantity and salinity of reused 
drainage water, groundwater abstraction for 
supplementary irrigation and its salinity, and 
drinking water supply and return flow of sewage 
water and salinity. Also data on drain depth and 
spacing are required. Finally information 
concerning the water allocation procedures, 
which in general have a legal and operational 
background, and the priority ranking of different 
water users goes with this group of data. 
Domestic and industrial water use 
Data in this group deal with the locations, source 
(surface or groundwater) and required abstraction 
rates of water for municipal and industrial water 
use. Also included is information on the location, 
rates and salinity of released sewage water to 
either irrigation canals or the open drains. 

3.3.3 Calibration 

The SIWARE model is usually applied to an area of 
several million feddan for which the amount of 
input data required is proportional to the size of 
the calculation units. In practice, there are three 
types of input data: (1 ) data which fully comply 
with the model requirements, (2) data obtained 
through interpolation, extrapolation or averaging, 
and (3) data on observed but not determined (i.e. 
not measured) parameters for which expert 
judgments were used. Model calibration includes 
the adjustment of uncertain parameters (input 
data of the second and third type) through 
matching the calculated drainage water discharge 
and salinity with the observed rates and salinity. 
The change in the calculated output when a 
certain parameter is changed, reflects the 
sensitivity of the model for that particular 
parameter. The model result, especially the drain 
discharge, is rather sensitive for the sowing or 
planting dates of crops, the irrigation schedule 
and rooting depth. The magnitude of the 
calculated drainage water salinity, is sensitive for 
the clay cap thickness in conjunction with the 
aquifer pressure and the salinity of the 
groundwater. Parameters belonging to the second 
data type were varied within ranges complying 
with the local variability. In general the ranges are 
limited and bound to the local minimum and 

maximum values of the parameter. Parameters of 
the third data type may be varied according to the 
logic of the parameter. These parameters concern 
the over-irrigation, the maximum unofficial reuse, 
farmers irrigation practice (operation of pumps, 
water distribution among crops) and the 
operation practice of level control structures. 
Data on spatially distributed hydrological 
characteristics were limited and for model 
applications interpolation and extrapolations were 
necessary. These data belong to the second type. 
They include clay cap thickness, soil hydraulic 
conductivity, drainage resistance and piezometric 
head in the aquifer. The variability in these data is 
large in delta areas where soil heterogeneity is 
generally high. Special field and laboratory 
measurements were executed for those soil 
physical data that were not or insufficiently 
available from existing data and literature. 
Data concerning initial soil moisture and salinity, 
and depth of water-table were not available (data 
type 3). These data have been generated by 
running the model for a sufficiently long period, 
with constant input data for land use, climate and 
distribution of irrigation water quantity and 
quality, to arrive at a situation where the average 
soil salinity remains constant (no salinization nor 
desalinization). The calculated initial input data 
have been verified with limited available field and 
literature data. This procedure was also used to 
obtain a steady state situation with respect to soil 
salinity in recently reclaimed saline soils in the 
Western and Middle Delta. The calculated salinity 
of drainage water from these areas deviated from 
the observed salinity because desalinization of 
these ares still occurs. 
Model parameter estimation (calibration) and 
checking their accuracy (validation) have been 
performed at four levels for which measured data 
were available: 
- at command canal level for water allocation 

(DESIGN); 
- at irrigation canal level for water distribution 

within irrigation canal commands; 

- at drainage catchment level for the integrated 
result of hydraulic and operational relations in 
the irrigation canal network, irrigation water 
supply, farmers irrigation practise, field water 
distribution, évapotranspiration, drainage and 
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salt accumulation relations, including official 
and unofficial reuse of drainage water (REUSE); 

- at drainage catchment and composite 
catchment level, based on the measured data 
from the monitoring programme of DRI. 

Calibration is virtually the adjustment of uncertain 
model parameters to obtain a good agreement 
between the calculated and observed results 
(drain discharge and salinity) of one single year. 
The calibration results have been evaluated by the 

average monthly deviation as a percentage of the 
calculated values of discharge and salinity from 
measured data. The adjustments should be 
continued until the accuracy, specified in this 
project is obtained (Table 1). 
The criteria, presented in Table 1, are reasonably 
strict, since the error in the model output increases 
due to error propagation. The drainage discharge 
of a calculation unit is calculated from the water 
balance of this unit. All errors introduced by the 
calculation of the other simulated terms of the 
water balance are transferred to the calculated 
drainage discharge. When the other water 
balance terms are calculated with an average 
deviation of 10% and if the drainage quantity is 
40% or 50% of the irrigation water supply to the 
unit, then the deviation in the calculated 
discharge is already more than 30% and 25%, 
respectively. When the error in the irrigation water 
intake by control structures equals 5%, then there 
will be a gradually increasing error in the 
calculated water supply to the most downstream 
calculation units which may reach as much as 
50%. 
The deviation in the salinity is determined by the 
deviations in the salt load of the different salt 
balance terms and by the deviation in the 
drainage water discharge. So all deviations 
introduced during the simulation are reflected in 
the monthly deviation of salinity. The criteria for 
model performance, on basis of discharge and salt 
concentration of drainage water, require a much 
smaller deviation in the other water and salt 
balance terms. Moreover it must be realized that 
the measured data of drainage water discharge 
and salt concentration have no specified accuracy 
and their inaccuracy (Report 16) contributes also 

Table 1. Preset model accuracy 

criterium for discharge and 

salinity: the average monthly 

deviation allowed 

Area 

Single catchment 

Composite catchment 

Entire study area 

Deviation allowed (%) 

discharge 

30 

20 

10 

salinity 

50 

30 

20 

to the mean monthly deviation. 
The average monthly deviation of the calculated 
drainage water discharge and salinity in each 
single drainage catchment has been sorted in a 
descending order and plotted against the ratio of 
the accumulated area of the sorted catchments 
over the total study area (Fig. 11). 
It appears from Figure 11 that the model 
performance in the Eastern Delta is satisfactory for 
both discharge and salinity for 99% of the area 
covered by single catchments (Report 30). All the 
calibration results of the Middle Nile Delta, 
whether in terms of discharges or chloride 
concentrations are in line with the quality criteria 
for model performance (Report 44). The average 
deviation of the calculated drain discharge in the 
Western Delta is less than 30% and 20%, 
respectively in about 90% and 65% of the area. 
The limited accuracy for this Delta part can mainly 
be attributed to large but unknown discharges of 
industrial and municipal sewage water from the 
city of Alexandria and unknown seawater 
intrusion at the suction side of the major drainage 
pump close to Alexandria (Report 46). 

3.3.4 Validation 

The model results should be sufficiently reliable for 
evaluating different water management 
alternatives. A model is reliable when the 
calculated drain discharges and salinity are in 
agreement with measured values for situations 
where the total Nile water supply significantly 
deviates from the supply in the calibration year. 
The reliability is determined by comparing model 
results with measured values for a number of 



39 Tools developed for water management evaluation 

Average deviation (%) 

60 r 

50 

40 

30 

20 

10 

0 

50 r 

40 

30 

20 • 

10 • 

0 

80 

70 

60 

50 

40 

30 

20 • 

10 

0 

Eastern Delta 

I 

V 

Middle Delta 

Western Delta 

0 20 40 60 80 100 0 20 40 

Cumulative relative area (%) 

60 80 100 

Fig. 11 

Model deviation on single 

catchment scale for the 

Delta Regions East, Middle 

and West. 

A: discharge; 

B: chloride concentration 

consecutive years. The calibrated parameters 
remain unchanged. The model is sufficient reliable 
when the variation in calculated output (drain 
discharge and salinity) is within limits similar to the 
variation in measured values. As yardstick for 
reliability the predictive value is introduced. This 
value is obtained in order to calculate the linear 
relationship (called 'trend') between measured 
and calculated drain discharge and also salinity. 

The average deviation of the calculated values 
from the 'trend' (~ 45°-line), divided by the range 
(maximum minus minimum) of measured values is 
subtracted from 1 and the result, expressed as a 
percentage, is called the 'predictive value'. The 
criteria for validation used in this project are: the 
model is reasonably valid with predictive values of 
more than 50% and sufficiently valid with a value 
of 75%. However, when the range is small, the 
predictive values will be low, even when the 
calibration is highly successful. The predictive 
value is calculated for single drainage catchments. 
Model validation was performed for the Eastern 
Delta with field data of measured discharge and 
salinity over the period 1984 through 1988, for 
the Middle Delta over the period 1985 through 
1990 and for the Western Delta for the period 
1986 through 1990. 
The drain discharge and salinity of the complete 
study area can be considered as sufficiently 
validated according to the above-mentioned 
criteria. For the Eastern Nile Delta, 10% of the 
area is not sufficiently validated for drain 
discharge and 20% for salinity (Report 30). In the 
Middle Nile Delta, the areas not sufficiently 
validated for drain discharge and salinity are 4% 
and 15%, respectively (Report 44). The validation 
for the Western Delta was less successful, which is 
mainly caused by the small variation in total Nile 
water supply (3% against 10-12% in the other 
Delta parts) and the ongoing land reclamation, for 
which no data were available (Report 46). 
The results of the model calibration and validation 
show that the SIWARE model can be reliably used 
for the analysis and evaluation of different water 
management alternatives in the Nile Delta. 

3.3.5 Capabilities 

Once the model is calibrated and validated for a 
certain region, it can be applied for different 
purposes. All applications have in common that 
they deal with intended changes in water 
management for which no experience has been 
gained in the past and for which the medium-
term and long-term effects have to be estimated 
with a certain degree of reliability. Effects are 
diverse and relate to crop production parameters, 
soil salinization, quantity and salinity of reused 
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drainage water, quantity and salinity of drainage 
water in the main drains, salinity of irrigation 
water, operational and conveyance losses, 
recharge or discharge of groundwater system etc. 
In general effects will show a spatial variability. 
In this view, the program package is exclusively 
suitable for planning purposes. Examples of 
different aspects for which the model can be used 
to estimate the effects are outlined below. 

Water management policy 

Changes in volume and salinity of irrigation 
water, volume and salinity of reused drainage 
water, allocation policies, cropping pattern, 
effect of mixing drainage water on supply canal 
water quality, availability of drainage water at 
specific sites, and intensification of 
groundwater abstraction; 

System layout 
Introduction of new irrigation and drainage 
canals, new irrigation and reuse pump stations, 
changes in control structures and control 
system, any other changes causing changes in 
the layout of the calculation units; 

Physical characteristics 
Introduction of vertical drainage, subsurface 
drainage conditions, use of modified drainage 
systems in rice areas, land reclamation, change 
in aquifer pressure head; 

Agricultural development 
Change in net irrigated area, change in 
cropping pattern through the introduction of 
new crops with different growth rates and 
water requirements, introduction of a new crop 
rotation system, crop intensification 
(introducing three crops per year), increase in 
plot size due to farm mechanization, change in 
capacity of irrigation tools, changes in applied 
field irrigation system; 

Urban and industrial development 
Changes in municipal and industrial water use, 
changes in sewage flow rates from urban areas 
and industry. 

The role of the responsible authorities during the 
development of different plans is primary the 
definition of alternatives they consider useful to 
be examined. Secondly the responsible authorities 
have to define questions to be answered through 

model application. A number of questions have 
already been raised about the quantity of 
irrigation water required for agriculture, the 
effects of under-irrigation on crop yields, 
acceptable upper limits for irrigation water salinity 
and the best management for the conjunctive use 
of Nile water, drainage water and groundwater in 
view of crop production on a national scale. 
The role of the modelling team is to specify 
required changes in the existing input data related 
to the development of plans, the selection of 
typical model output suitable for the evaluation of 
different alternatives and presenting the 
consequences of alternatives for agricultural 
production. 
Related to the required input data changes the 
alternatives can be divided into two main groups: 
1 alternatives dealing with the variation in 

volume and distribution of irrigation water 
supply and the volume of official reused 
drainage water to single and composite 
catchments and to Delta regions, without 
changing the layout of the system and the 
agricultural system management; 

2 alternatives dealing with the introduction óf 
new irrigation canals, new drains, for instance 
the El Salaam Canal or other transport canals, 
new irrigation and reuse pump stations or 
changes in the agricultural system 
management. 

The evaluation of alternatives of the first group 
can be performed by changing the input of the 
data group 'water management' only, and 
keeping the input data in the other groups 
unchanged. This type of management options 
play a dominant role during the annual planning 
of water releases from the High Aswan Dam. The 
release should match the total water requirement 
or in the case of water shortage the requirements 
have to match the available quantity of water in 
which case the cropping pattern could be adapted 
by exchanging crops with a high water 
requirement by crops with moderate or low 
requirement. When the cropping pattern changes 
or the supplied quantity of water changes, the 
quantity of drainage water available for reuse 
changes too. Because reused drainage water is 
considered as a source for water, the High Dam 
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Fig. 12 

Relation between relative 

crop yield decrease and 

relative évapotranspiration 

reduction. 

A: long berseem; 

B: combination of all crops 

in Eastern Nile Delta, 1986 

releases will be adjusted to this change. The 
model offers the possibility of estimating the 
available quantity of drainage water for reuse 
when the water supply or the cropping pattern 
changes. Moreover, the model provides 
information on expected side effects. 
Because the model will be used for planning 
purposes of this kind, a Graphical User Interface 
(GUI or end-user interface) has been developed 
for preparing the limited changes in the input 
data, running the model and getting the required 
output. The technical and functional description 
of this GUI is presented in Reports 42 and 43. 
Besides these typical applications, the model 
embedded in the GUI is also applicable for the 
analysis of the effect of different water 
management alternatives on the irrigation water 
distribution and the availability of drainage water 
in the region, improvement of the efficiency of the 
system, identification of salt intrusion hazards, 
identification of locations for additional reuse 
pump stations, effects of changed water 
management on salinity hazards, local and 
regional reuse and regional saving of irrigation 
water. 
The second group alternatives requires more 
radical changes in all the input data groups. The 
input data groups: 'system layout', 'soils and 

10 20 30 40 50 0 10 20 
Decrease in évapotranspiration (%) 

30 40 50 

climate', and 'agriculture' have to be changed 
when large-scale changes take place in one or 
more calculation units. 

Changes in the almost-permanent input data, in 
particular when the system layout changes, 
requires highly qualified expertise to adapt all the 
input files correctly. An Expert User Interface (Ul) 
has been developed, for experts present at DRI, to 
deal with the required input data operation. The 
technical and functional documentation of this 
interface for expert users of the SIWARE system is 
given in Report 41. 

3.3.6 Output 

The different programs of the SIWARE model 
package generate output for other programs in 
the package, as well as output which may be of 
the interest of the user. 
The DESIGN program provides an overview of the 
main canal system and it provides for each canal a 
table with the area served, the industrial and 
municipal water use, the required intake rate 
during each ten-day period and the anticipated 
reuse. 
The WDUTYprogram prepares for each crop in 
the area under consideration a table with the 
weighted average, the minimum and maximum 
calculated water requirement per irrigation 
interval. 

The WATDIS program generates for the whole 
study area a table with the total monthly irrigation 
water supply, the (official) reused quantity of 
drainage water, the abstraction of irrigation water 
by farmers, and conveyance, spillway and tail-end 
losses. 

The REUSE program generates output in a 
graphical form. This output (presented on a map) 
gives all input data (eg. soil type, depth of 
subsurface drainage, salinity of groundwater in 
the aquifer, cropping pattern etc.) and the output 
of the simulations which includes drainage rates, 
drainage water salinity, soil salinity (root zone), 
desalinization or salinization, seepage or leakage, 
évapotranspiration, irrigation water supply, 
unofficial reuse of drainage water and several 
system performance indicators. A table is 
generated with the different components of the 
water and salt balance per calculation unit on an 
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Table 2. Threshold value for évapotranspiration reduction above which the 

ratio of crop yield reduction and évapotranspiration reduction is 

valid 

Crop 

Wheat 

Long berseem 

Short berseem 

Winter vegetables 

Cotton 

Maize 

Rice 

Summer vegetables 

Trees 

Evapotranspiration Ratio of yield reduction 

reduction threshold and évapotranspiration 

value (%) reduction (-) 

2.0 1.11 

1.3 1.98 

1.5 1.81 

2.9 1.57 

1.8 0.70 

-1.5 2.55 

0.2 0.87 

2.2 0.95 

12.9 10.55 

annual basis. Also a table is generated containing 
a warning when the anticipated quantity of 
drainage water for reuse cannot be realized in 
certain periods, giving the expected quantity (and 
salinity) instead. 
The average discharge rate and the salinity at 
certain locations along the drainage canals per 
ten-day periods can be inspected through graphs. 
This option is especially useful for identifing 
potential locations from which drainage water can 
be returned to the irrigation canals. 

3.3.7 Crop response to water 
management 

The SIWARE model calculates the actual and the 
'optimum' évapotranspiration for different crops. 
Under optimum water supply and soil salinity 
conditions crops transpire at the optimum rate. 
The latter parameter is calculated by the WDUTY 
program, assuming an unrestricted supply of 
water quantity and quality, and low soil salinity 
conditions. As the irrigation intervals are fixed the 
effects of stress conditions due to long irrigation 
intervals may be included in this optimum 
évapotranspiration. Actual évapotranspiration is 
calculated in the FAIDS program with a crop-
dependent function of climate, salinity and soil 
moisture stress. 

The general shape of the crop yield response to 
soil salinity is a horizontal line until a certain 
threshold soil salinity value, and a linear decrease 
in crop yield with increasing soil salinity above this 
threshold value. For each crop a certain threshold 
value exists and a certain drop in yield per unit 
increase in soil salinity and both values depend on 
the crop's tolerance of salinity. 
The major effect of soil salinity on crop response is 
caused by the increase in the soil water potential 
due to the osmotic pressure. This means that the 
major mechanism of the effect of soil salinity on 
évapotranspiration is similar to the effect of a 
lower moisture content in the crop root zone 
(physiological drought). In the model both 
relations were combined and a relation between 
relative évapotranspiration and crop yield is 
obtained and extensively discussed in Report 30. 
The correlation found following this procedure is 
rather good (Fig. 12). The reduction in 
évapotranspiration is therefore used as an 
indicator of crop yield depression due to soil 
salinity and/or water stress conditions. The relation 
found is based on a comparison of the SIWARE 
calculation results for 1986 with data from 
international literature. 
The crops for which yields are most sensitive to 
reductions in évapotranspiration appear to be 
deciduous trees and maize (Table 2). Cotton is by 
far the least sensitive crop, which complies with 
the general knowledge that this crop should be 
grown under stress conditions in order to promote 
the production of a high quality fibre. Also the 
grain yield of wheat and rice appear to be quite 
tolerant to reductions in évapotranspiration. 
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4.1 Introduction 

The major and continuous concern related to 
water management in Egypt is to attain the 
utilisation rate of the limited water resources 
which gives the nation the most prosperity. 
Depending on the development in different 
economical sectors, the optimum allocation of 
water will shift with respect to time and place, 
requiring a continuous need for the development 
and planning of water resources. So far the 
highest priority has been attached to the drinking 
water supply and the development of agricultural 
production. Several plans have been developed 
and executed to extend the cultivated area and to 
increase the utilisation rate of water. The growing 
population and rapidly developing industrial 
sector, however, require increasing amounts of 
water and therefore the municipal and industrial 
sectors are expected to be strong competitors for 
the agricultural sector. 

Since water resources are limited, the different 
plans related to water management focus on the 
increase in water use efficiency through which 
certain quantities of water will become available 
for additional economical activities. The reuse of 
drainage water has been adopted a long time ago 
as the most promising and economical attractive 
means of increasing the utilisation rate of water. 
The SIWARE model package is a tool for planners 
and decision makers to determine the maximum 
rate of reuse of drainage water under the 
condition that it remains social as well as 
economical attractive and guarantees a 
sustainable agriculture. The maximum utilization 
rate of water has, however, its limits because the 
Nile water supply, although fully controlled 
through the Aswan High Dam and Lake Nasser 
(Egypt's main storage reservoir on the Egyptian-
Sudanese frontier), cannot always be guaranteed. 
Variations in climate outside Egypt, especially in 
the Upper Nile catchment and the Ethiopian 
Plateau play an important role in the amount of 
rainfall and thus in the discharge of the river Nile, 
feeding Lake Nasser. On the other hand, 
maintaining the salinity of the Egyptian soils 
within acceptable limits requires the release of 
certain volume of drainage water to outside the 
irrigated area. 

Measures related to water management can be 
implemented at different levels. First, the Ministry 
of Public Works and Water Resources (MPWWR) 
has the option to interfere in the total amount of 
available irrigation water for the Delta. The 
Ministry might be able to reduce the allocation of 
Nile water, with adaptation of the cropping 
pattern, mainly by the reduction of the rice 
growing area, or with increasing the reused 
quantities of drainage water. At a lower level 
within the MPWWR, the internal distribution can 
be adapted in such a way that the supply follows 
the agricultural demand more closely in time and 
space, reducing the operational losses and thus 
improving system efficiency. 
The SIWARE model package was applied for the 
analysis of six selected water management 
alternatives in the different regions of the Nile 
Delta to demonstrate its capabilities. These 
alternatives are: 

In the Eastern Nile Delta: 
1 Water saving by replacing rice in the cropping 

pattern by maize and/or reducing the rice 
water duty assuming acute water shortage in 
Nile water supply; 

2 Expansion of the agricultural area in the 
Eastern Desert in annual increments of 44,000 
feddans, starting with the situation in 1988 
and re-allocation of water among main canal 
intakes according to the (changed) demands; 

3 Improvement of the local water management 
situation by prohibiting the use of mobile 
irrigation pumps and/or prohibiting the 
unofficial reuse of drainage water by farmers; 

In the Middle Nile Delta: 

4 Stepwise reduction in the water supply and/or 
water distribution based on local instead of 
average crop water requirement; 

5 Significant change in the cropping pattern; 

In the Western Nile Delta: 

6 Increase in reuse of drainage water and 
expansion of agricultural land in the Western 
Desert. 

The detailed analysis of the different options for 
the water management alternatives 1, 2, and 3 is 
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Fig. 13 

The Eastern Nile Delta. 

A: rice zones showing 

permitted percentages; 

B: calculated water 

requirements of rice 

presented in Report 30, the analysis of the options 
for the water management alternatives 4 and 5 is 
given in Report 45 and the analysis of the water 
management alternative 6 is presented in Report 
47. 

4.2 Water saving options by 
replacing rice with maize or 
reducing the rice water duty 

Background 

In Egypt, the rate of irrigation water supply to the 
main canals is determined annually to meet the 
demand for water. This rate equals the total 
demand in the area served by the main canals, 
including operational and conveyance losses, but 
reduced with the quantity of abstracted 
groundwater and reused drainage water. Water 
requirements for agriculture are calculated from 

the area of different crops (cropping pattern) and 
water duties for each crop during each ten daily 
period. For annual planning, it is assumed that the 
crop water duties are uniform in certain regions 
(eg. Upper, Middle and Lower Egypt). Farmers in 
Egypt are in general free to choose the cropping 
pattern except for rice and cotton cultivation. For 
rice crop, the MPWWR distinguishes five zones of 
cultivation. For the Nile Delta in principle rice 
cultivation is forbidden in the south. In the north, 
where seepage conditions prevail and the soil is 
generally saline, rice is permitted on 50% of the 
area. An example for the distribution of the rice 
areas in the Eastern Delta is presented in Figure 
13A. 

To match the water demands with the available 
resources in periods of water shortage, crops with 
high water requirements may be replaced by crops 
with lower demands. In 1988 the available 
quantity of Nile water for the Eastern Delta was 
15% lower than that in 1984. In this year the 
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Table 3. Water supply, discharge and reuse (in 106 m3yr ') in the Eastern 

Nile Delta* 

Year 

1984 

1985 

1986 

1987 

1988 

Supply from Nile 

12,243 

11,969 (-2.2) 

11,645 (-2.7) 

11,249 (-3.4) 

10,322 (-9.2) 

Discharge to sea 

4,633 

4,355 (-6.0) 

4,281 (-1.7) 

3,948 (-7.8) 

3,652 (-7.5) 

Reuse 

0,801 

0,804 (+ 0.4) 

0,925 (+15.0) 

0,814 (-12.0) 

0,652 (-19.9) 

h Figures in brackets indicate the percentage reduction from the preceding year 

Fig. 14 

Reduction in water 

requirement, and water 

net savings, in the Eastern 

Nile Delta for rice 

Ministry reduced the rice area but noticed a 
significant reduction in the quantity of drainage 
water available for reuse (Table 3), which created 
considerable problems for the water distribution. 
The water requirement for rice used in the 
planning of water distribution is 2100 mm (8800 
m3 per feddan) for the whole growing season, but 
in practice the actual amount of water supplied to 
the rice by farmers varies appreciably. Values 
ranging from 1150 to 2200 mm (4800 - 9200 m3 

per feddan) are found in literature. The water 
requirement for rice, calculated with the WDUTY 
program of SIWARE also showed significant 
geographical variation (Fig. 13B). The calculated 
average water requirement was 1900 mm 

Amount of water (109 m3 yr"1) 

3 , -
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Area of rice (103 ha) 

200 240 

(8000 m3 per feddan), which is about 10 % below 
the estimated water requirement used by the 
MPWWR. 

Options 

From the observed and calculated variation in 
water requirement of rice, it was concluded that 
water could not only be saved by reducing the 
area grown with rice, but also if these estimated 
water requirements were reduced. For this reason 
five rice areas were combined with four estimated 
water requirements of rice. Maize replaced rice in 
the cropping pattern in the options with rice area 
reductions. This resulted in twenty alternative 
water management options which were evaluated 
with the SIWARE model (Report 30). 

Results 

For all these options the relation between the 
gross water requirement and the amount of 
drainage water available for reuse was 
determined with the SIWARE model. The relation 
suggests that a lower water requirement also 
leads to a decline in the reuse of drainage water. 
Thus the net saving of water is less than the 
decrease in the water requirement. This net saving 
was calculated for every combination of rice area 
and estimated water requirement (Fig. 14). 
If the area under rice is reduced, the water 
requirements are reduced with the requirements 
of rice and increased by the requirement of maize, 
replacing rice. The difference between both 
requirements are mainly attributed to the quantity 
of water required for the rice nurseries and the 
infiltration losses from the standing water layer in 
rice fields. Figure 14 shows the amount of water 
saved when the initial rice area of 214,000 ha is 
reduced. The difference between the rice water 
requirement and the maize water requirement is 
the net saved quantity of water. If, however, the 
water requirements for rice are reduced, less 
water is required. The effect of such a reduction is 
shown in Figure 15. Because rice is one of the 
main crops in Egypt a reduction in the rice area 
beyond a certain limit could lead to an increase in 
imports of foodstuffs which may not be socially 
and economically attractive. 
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Reducing the water supply and keeping the rice 
area unchanged can lead to a deficit of water 
available to crops during the growing season, 
resulting in reduced évapotranspiration and 
reduced crop yields. Evapotranspiration is strongly 
related to crop yield, thus it is used in SIWARE as 
an indicator for crop yield. Since the total seasonal 
évapotranspiration of rice is approximately 
equivalent to that of maize, total 
évapotranspiration in the whole study area for 
each of the twenty options can be used as an 
indication of the crop yield reduction. From the 
calculated results it appears that the same water 
savings can be achieved with less crop yield 
reductions when reducing the water duty for rice 
in stead of reducing the cultivated rice area. This 
can be seen from the relation between water 
saving and the reduction in évapotranspiration. 
Reducing the water duty for rice from the present 
2100 mm to 1750 mm would result in a 6% water 
saving at the expense of a 0.25% 
évapotranspiration reduction (Fig. 15). 
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Saving the same percentage of water (6%) by 
reducing the area of rice in the Eastern Delta by 
25% from 510,385 feddans (214,000 ha) to 
375,264 feddans (158,000 ha) would reduce the 
total évapotranspiration by about 1.5%. Thus 
reducing the water supplied to rice is a better 

policy than reducing the area of rice. If water is 
saved over a longer period there is a chance that 
the soil will become saline, causing 
évapotranspiration and crop production to decline 
further (Fig. 15). In the long term reducing the 
estimated water requirement for rice rather than 
reducing the area of rice also seems to be a better 
policy for combating soil salinity (Fig. 16). 

Conclusions 

Reducing the area of rice in the Eastern Nile Delta 
by 30% from 510,385 feddans to 375,264 
feddans in 1988, the MPWWR was able to save 
925-106 m3 water for this delta part compared 
with 1987. Model calculations, however, show 
that the same amount of water could have been 
saved by reducing the rice area by only 8%, i.e. to 
468,356 feddans, and simultaneously reducing 
the water duty of rice from the usual 2100 mm to 
1750 mm. The policy followed in 1988 resulted in 
a 2% reduction in évapotranspiration. This is 
roughly equivalent to a 3% lower crop yield. This 
reduction could have been reduced by half by 
applying the above alternative while total rice 
production would have been reduced by only 8% 
instead of the 30% reduction following the policy 
of 1988. 

4.3 Expansion of the agricultural 
area in the Eastern Desert 

Background 

Horizontal expansion of the agricultural area in 
the Eastern Desert is foreseen in the planning of 
the Government of Egypt. The expected 
additional area is about 350,000 feddans, at a 
reclamation rate of 44,000 feddans per year. This 
would increase the present gross agricultural area 
(about 1.83 million feddans) in the Eastern Nile 
Delta by almost 20%. 

Only 7 to 8% of the total area will be supplied 
with groundwater, whereas the remaining lands 
will be fed with Nile water. Since the total annual 
amount of Nile water available for irrigation is not 
likely to be raised, the supply to the reclaimed 
areas will largely go on the account of the supply 
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Fig. 16 

Soil salinity in the Eastern 

Nile Delta in the long term, 

for two scenarios, both 

producing a water saving of 

13.5%. 

A: a 59% reduction in the 

area of rice (from 214,000 

to 88,000 ha); 

8: a 32% reduction in the 

estimated water 

requirement for rice (from 

2100 to 1750 mm per 

growing season) 

of the old lands. Reuse of drainage water, 
abstraction of groundwater, storage reservoirs, an 
improved water management and other irrigation 
methods are expected to offset water shortages. 

Option 

The existing water allocation situation in the 
Eastern Delta of 1988 has been taken as 
reference. The share of Nile water for the whole 
Eastern Delta is fixed at a quantity of 
10,310-106m3 per year and allocated to the six 
main canal intakes, serving the Eastern Nile Delta 
including the new reclamation areas, proportional 
to the (changed) demands, following the 
procedure used by the MPWWR. It is assumed that 
the actual cropping pattern in the reclaimed areas 
will be similar to the cropping pattern in the 
existing reclaimed desert areas. Furthermore the 
possibilities for both official and unofficial reuse of 
drainage water have been fully utilized. 

Results 

The SIWARE model has been applied to evaluate 
the effects of the step-wise expansion of the 
cultivated area on the total évapotranspiration 
and system efficiency. Moreover the long-term 
effects (after 50 year) have been evaluated after 
the total expansion of 350,000 feddans was 
realized. 
The calculations showed a decrease in the Nile 
water supply to the old lands between the 
Damietta Nile branch and the Suez Canal as a 
result of cultivating new areas. Until an expansion 
with 132,000 feddans the reduction in allocation 
for the canals serving the old lands follows the 
reduction for the total area more or less linearly. A 
further expansion causes a relative higher share of 
the total supply to be diverted to the old lands, 
due to a disproportional fall in the official reuse in 
this area 

The total quantity of official reused drainage 
water decreased by 28%, which was partly 
compensated by a decrease in system losses (tail-
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Table 4. 

Expansion 

(feddan) 

0 

44,000 

88,000 

132,000 

176,000 

220,000 

264,000 

308,000 

350,000 

Different water balance components of the irrigated area in the Eastern Desert if a step-

wise expansion is carried out Nile water supply is fixed 

Quantity (106 

irrigation 

water 

7,780 

7,830 

7,870 

7,910 

7,940 

7,980 

8,000 

8,050 

8,100 

m3yr"1) 

reuse 

official 

622 

600 

575 

550 

525 

500 

480 

465 

448 

unofficial 

1,130 

1,110 

1,100 

1,100 

1,100 

1,100 

1,090 

1,085 

1,085 

system 

losses 

2,690 

2,630 

2,550 

2,480 

2,430 

2,370 

2,330 

2,260 

2,220 

3t 10,310-10* m-

total 

drainage 

4,260 

4,130 

4,030 

3,940 

3,850 

3,750 

3,650 

3,600 

3,540 

per year. 

Total évapo­

transpiration 

(%) 

100 

101 

103 

105 

106 

107 

109 

110 

111 

end, spill way and conveyance losses) by 18%. 
This resulted in an increase in the total annual 
irrigation water abstraction from the irrigation 
canals by 4% when the whole expansion was 
implemented. The total unofficial reuse remained 
almost constant. As a consequence of the lower 
irrigation water losses and crop drainage, the 
calculated total discharge at the drainage outfalls 
is reduced considerably (17%) for the maximum 
expansion (Table 4). 
Differences in évapotranspiration as calculated for 
the various crops are considered to be indicative 
for the changes in crop production. Generally, 
crop production will decline in the old lands as a 
direct result of the fixed Nile water allocation for 
the total area, leading to water and/or salinity 
stress conditions for the crops. Production in the 
reclaimed areas should compensate for these 
losses, and should yield a reasonably extra 
quantity which could be economically attractive. 
It appeared from the model calculations that an 
expansion of the arable land may indeed raise the 
country's crop production. The calculations 
showed an 11 % higher aggregated (all crops) 
évapotranspiration after the last expansion has 
been brought into production. Comparing the 
11 % with the 17% expansion of the total net 
cropped area, the conclusion can b.e drawn that 

the reclaimed areas perform quite well. The 
aggregated évapotranspiration in the old land 
goes down by more than 5%, which can be 
largely compensated by an increase in 
évapotranspiration in the reclaimed desert areas. 
The long-term analysis also reveal that the 
aggregated évapotranspiration can be maintained 
during a period of 50 years in the total area, 
despite a small increase in average soil salinity, 
mainly concentrated in the old lands. 

Conclusions 

The expansion of irrigated land in the Eastern 
Desert with 350,000 feddans, keeping the total 
Nile water supply to the Eastern Nile Delta 
constant is feasible from a viewpoint of total crop 
production. An expansion corresponding to 17% 
of the net cultivated area in the old lands 
(reference 1988), would result in a total increase 
in the évapotranspiration by 11 %, even on the 
long term. This increase in évapotranspiration is 
more or less justified by the expected increase in 
crop production. A study of this type requires 
further economic analysis. 
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4.4 Improvement of local water 
management 

Background 

In the past the irrigation water distribution in the 
Nile Delta appeared to be more equitable than 
nowadays. The traditional irrigation water 
practices were such that farmers were exclusively 
using sakkias (water wheels) for irrigating their 
fields. The supply pipes to the sumps from which 
these devices lifted their water had a limited 
diameter and they were under the control of the 
MPWWR. The limited capacity of the sakkias 
regularly compelled farmers to irrigate by night 
and tended to restrict over-irrigation, thereby 
creating a more uniform abstraction pattern and 
thus a more uniform distribution of the available 
amount of water over the area. 
The gradual introduction of small capacity mobile 
diesel pumps during the past ten years has not 
only created an overcapacity, but also strongly 
affected farmers' behaviour with respect to 
irrigation timing. Fields located upstream along 
the distributary canals are now irrigated during 
the early morning using relatively large quantities 
of water during a relatively short period of time. 
As a consequence farmers with field plots 
downstream the canal would be confronted with 
water shortages. This situation sometimes 
aggravates to such an extent that plots at the very 

tail-end persistently suffer from insufficient 
amounts of irrigation water. To date, virtually all 
sakkias are replaced by pumps. 
Farmers facing water shortages usually turn to the 
nearest drainage in the vicinity in order to 
supplement their requirements. Using large 
quantities of drainage water, however, will have 
profound effects on crop yields and soil salinity. 

Options 

The combination of eliminating the diesel pumps 
together with the unofficial use of drainage water 
has been indicated as an interesting subject for an 
evaluation with the SIWARE model package. It 
could be argued that a more uniform water 
distribution may set aside the need for using 
drainage water. To this effect the following 
options have been evaluated taking the 1988 
situation as the reference: 
1 A total ban on the use of small diesel pumps 

for lifting water from both irrigation and 
drainage canals; 

2 A prohibition on using small diesel pumps for 
lifting water from the irrigation canals for field 
application, but not for lifting water from the 
drainage canals where reuse of drainage water 
is allowed. 

The effects of the second option are expected to 
be small. The point being that for the reference 

Table 5. Major water balance components of the irrigation and drainage systems for different 

abstraction options. Reference conditions in 1988; (1) - total ban on the use of mobile 

diesel pumps for irrigation and reuse of drainage water, and (2) - a ban on the use of 

diesel pumps for irrigation purposes only 

Management 

option 

Reference 

1 

2 

Quantity (106m3 

total irrigation 

water supply 

10,310 

10,310 

10,310 

•yr1) 

reuse 

official 

692 

683 

537 

unofficial 

1,311 

0 

1,028 

abstraction 

irrigation 

water 

7,788 

7,810 

7,888 

total 

system 

losses 

2,658 

2,595 

2,366 
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case the maximum requirements was fully met by 
the defined number of sakkias. In addition, the 
total lifting capacity has been augmented here by 
adding some diesel pumps at the drain to cover 
emergency situations and to reduce the intensity 
of night irrigation. Therefore, this simulation run 
can only show how the situation was before the 
introduction of these diesel pumps. 

Results 

The results of the two simulation runs are 
summarized in Table 5 for the major irrigation and 
drainage water balance components. It is shown 
that changes in the farmers' abstraction from the 
irrigation canals is minimal when compared to the 
reference, i.e. a mere 1 % higher value for the case 
in which diesel pumps are not allowed for lifting 
irrigation water (option 2). The reason behind this 
small increase can mainly be attributed to the 
more uniform abstraction pattern from the canals, 
causing lower losses and a more equitable 
distribution of the available water. 
The official reuse logically shows the highest value 
for simulation option 1, where no water is lifted 
from the drainage canals for direct crop irrigation, 
thus leaving more water behind for official 
recycling. A drop of some 9%, from 
1,131 •106m3-yr1 to 1,028-106m3yr\ is noticed 
for the option number 2 as a result of lower losses 
from the irrigation system to the drainage system 
(Table 5). 
The irrigation system losses are made up of the 
following three components: (a) - spillway losses 
from the distributary and meskaa canals within a 
calculation unit, (b) - tail-ends losses from the 
command canals, and (c) - conveyance and 

Table 6. Total crop water supply and salinity, and total relative 

évapotranspiration for different management options 

Management 

option 

Total crop 

water supply 

(106m3yr1 ) 

Average salinity 

crop water supply 

(g-nr3 total salts) 

Total 

évapotranspiration 

(%) 

Reference 

1 

2 

9,298 

8,189 

9,295 

445 

365 

440 

100 

96 

100 

evaporation losses from both the command and 
distributary canals. For reasons outlined before, 
both options indicate lower system losses. The 
higher quantities of officially recycled drainage 
water in the first option are due to the relatively 
higher losses when compared to the second 
option (Table 5). It has also been observed that in 
the absence of the diesel pumps, the losses tend 
to shift from the spillways within the calculation 
units to the tail-ends of the command canals. 
The total amount of water given by farmers to 
their crops is composed of (1 ) - the water lifted 
from the distributary/meskaa canal system, (2) -
the local groundwater abstraction, and (3) - the 
unofficial reuse of drainage water. Table 6 
indicates a decrease in the total annual crop water 
supply from 9,298-105 m3-yr1 for the reference 
run to 8,189-106 m3-yr' for the option without 
the use of diesel pumps for irrigation and 
unofficial reuse (option 1 ). This implies that the 
absence of unofficial reuse cannot be 
compensated by a higher canal water abstraction 
by the farmers, since the groundwater abstraction 
remains constant throughout the various 
simulations. For the last option, the lower 
availability of drainage water for unofficial reuse is 
almost fully compensated by a higher abstraction 
from the irrigation system, resulting in an almost 
equal supply as for the reference simulation. 
The first option, however, appear to benefit from 
the less need to mix fresh irrigation water and the 
more saline unofficially reused drainage water. 
The average salinity of the crop water supply goes 
down from 445 g.nr3 for the reference case to 
365 g.m3 when the use of pumps is prohibited 
(option 1). For the second option, the outcome 
with 440 g.m-3 salts appears much closer to the 
reference case. 

Finally, Table 6 shows that in terms of 
évapotranspiration a loss in crop production could 
occur when the unofficial reuse of drainage water 
were prohibited. In addition, model simulations 
indicate that no substantial gains are likely to be 
made when banning the use of diesel pumps for 
irrigation purposes. Therefore, neither local water 
management option seems to offer a practical 
alternative to the present situation, and 
implementation appears to be unrealistic in any 
case. 
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Fig. 17 

Relative value of the 

components of the 

irrigation water balance 

as a function of various 

supply reductions using 

average crop water 

requirements 

4.5 Reduction of water supply 
to the Middle Delta 

Background 

It was shown in Section 4.3 that the expansions of 
the cultivated area in the Eastern Nile Delta on the 
account of the water budgets in the old lands 
have certain limits. For the same delta part it was 
also shown that a reduction in supply reduced the 
system losses, resulting in an increased water 
utilization rate. Assuming that no large-scale 
future land reclamations in the Middle Delta will 
be executed, the idea was raised to test the 
possibilities of reducing the supply to this delta 
part in order to gain additional quantities of Nile 
water to be diverted to reclamation projects in 
other delta parts. The objective of this water 
management option for water resource 
development is to reduce the supply as much as 
possible under the condition that adverse side 
effects are avoided. 

Options 

The Middle Delta includes about 1.5 million 
feddans of cultivated land. The reference supply 
rate of Nile water to this delta part amounts to 
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1M0 9 m 3 water. This quantity will be gradually 
reduced in five steps, each of 5% of the total 
supply, while the reuse of drainage water will be 
increased at the existing reuse stations. In 
conjunction with the supply reduction, water 
distribution based on exact crop water 
requirements has been tested for a better match 
of the water supply with the demand, resulting in 
less operational losses. The present water 
distribution is based on equal crop water 
requirements in the whole Nile Delta. 
The effects of the supply reduction have been 
evaluated through the évapotranspiration and the 
soil salinity. An increasing soil salinity is considered 
to have major long-term effects on 
évapotranspiration, but will have no effect on crop 
water requirements. A second method for the 
evaluation of effects is the determination of the 
area where a reduction in the évapotranspiration, 
compared to the optimum évapotranspiration 
exceeds 20% and where the soil salinity exceeds 
0.3 S.rrr1. Both values are seen as threshold values 
from where adverse effects on crop production 
may appear. This parameters indicate to which 
extent the total water supply can be safely 
curtailed without violating the sustainability of 
agriculture in general. 

Results 

Model calculations showed that a reduction of 5 
to 10% in Nile water supply, while adhering to the 
present average crop water requirement.causes a 
loss of about 1 -2% in the average relative 
évapotranspiration and a relative increase in the 
area with an insufficient évapotranspiration (i.e. 
reduction more than 20%) from 9% to some 12-
15%. Curtailing the supply within these limits is 
apparently a rather safe practice in which 
shortages can be (partly) offset by some 14-26% 
lower system losses. 

In Figure 17 the various components of the 
irrigation water balance are graphically presented, 
where the calculation results of the reference 
simulation have been set to 100 %. The irrigation 
water abstraction from the irrigation canals will be 
roughly the difference between the total supply, 
including official reuse, and the irrigation system 
losses. It appears from Figure 17 that although the 
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Table 7. Different components of the agricultural water supply system for the reference 

and four reduction simulations 

Quantity (106m3yr1) 

ref. -10% 

Allocation based on average crop water requirements 

Nile water supply 

Official reuse 

Total supply 

System losses 

Irrigation uptake 

Unofficial reuse 

Groundwater use 

Total crop supply 

11,113 

582 

11,695 

2,798 

9,195 

1,010 

424 

10,629 

10,002 

460 

10,462 

2,062 

8,701 

962 

424 

10,087 

Allocation based on exact crop water requirements 

Nile water supply 

Official reuse 

Total supply 

System losses 

Irrigation uptake 

Unofficial reuse 

Groundwater use 

Total crop supply 

11,113 

582 

11,695 

2,263 

9,724 

1,108 

424 

11,256 

10,002 

430 

10,432 

1,669 

9,034 

1,052 

424 

10,510 

-15% 

9,447 

397 

9,844 

1,742 

8,404 

934 

424 

9,762 

9,447 

375 

9,822 

1,445 

8,649 

1,015 

424 

10,088 

-20% 

8,892 

349 

9,241 

1,468 

8,092 

904 

424 

9,420 

8,892 

329 

9,221 

1,250 

8,239 

974 

424 

9,637 

situation 

-25% 

8,337 

306 

8,643 

1,234 

7,713 

870 

424 

9,007 

8,337 

288 

8,625 

1,095 

7,808 

930 

424 

9,162 

official reuse falls more than proportionally when 
compared to the total Nile water supply, the 
irrigation water abstraction is affected less 
severely (Table 7). 

For the maximum reduction of 25% in the Nile 
water supply, it turns out that the crop water 
supply decreases by only 16%, illustrating the 
increased efficiency of the irrigation system. 
However, this reduction has an extremely adverse 
effect, because the area where the reduction in 
évapotranspiration is more than 20% increases 
from 9% in the reference situation of the total 

cultivated area to 31 %. A 10% reduction in Nile 
water supply causes a 4% reduction in irrigation 
water abstraction by farmers, a reduction of 2% 
in évapotranspiration and a 5% increase in the 
area where a 20% reduction in évapotranspiration 
can be expected. 

However, better results could be obtained when 
water distribution is based on exact crop water 
duties. Using spatially distributed values for the 
crop water duties would lead to an average 
aggregated relative évapotranspiration of 91 % 
(10% supply reduction), the same value as for the 
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Fig. 18 

Relative value of the 

components of the 

irrigation water balance as a 

function of various 

reduction simulations using 

exact crop water duties 

reference simulation by a 0% reduction. 
Moreover, the spatial distribution of the relative 
évapotranspiration ameliorates surprisingly from 
9% of the total area with a relative 
évapotranspiration of less than 80% for the 
present situation to a mere 6% for the 10% 
reduction in supply combined with water 
distribution based on exact water requirements. 
Prospects for the reuse of drainage water are less 
promising, but the major contribution to the high 
évapotranspiration values appears to come from 
an almost similar level of irrigation water 
abstraction by farmers (99% of the reference) due 
to some 40% lower irrigation system losses. 
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The calculations show that adverse effects of 
reducing the Nile water supply can be alleviated 
when the water allocation to the main canals and 
the control of water distribution is based on exact 
crop water requirements. Figure 18 shows that 
without any supply reduction évapotranspiration 
increases by 3% compared to the reference 
situation. A better match of the local requirements 
also results in significant lower system losses 
(spillway and tail-end losses) and in a higher 
official and unofficial reuse of drainage water. On 
2% of the area the évapotranspiration is less than 
80% of the optimum, illustrating significantly 

improved water distribution. A supply reduction of 
10% together with water distribution based on 
exact crop water requirements performs better 
than the reference situation: the 
évapotranspiration is almost similar to the 
reference situation, while on 6% (reference 9%) 
of the area the évapotranspiration is less than 
80% of the optimum. Supply reductions of more 
than 20% to the Middle Delta score less than a 
similar reduction when the water distribution is 
based on average crop water duties. 

Conclusions 

The simulation results show that a reduction in 
Nile water supply to the Middle Delta of up to 
10% ( 1.1 • 109 m3 annually) is possible without 
serious adverse consequences for total agricultural 
production. Within certain limits, the local adverse 
effects of reducing the Nile water supply to the 
Middle Delta can be neutralized by water 
distribution which is based on exact instead of 
average crop water requirements. This will lead to 
a significant reduction in system losses and a 
reduction of the area where significant crop yield 
reductions would occur when reduced supply had 
been implemented. When water distribution 
based on exact water requirements is 
implemented, the SIWARE package can be used to 
calculate the (spatially distributed) exact crop 
water requirements. 

4.6 Changes in cropping pattern 

Background 

The overall irrigation efficiency in Egypt, according 
to the definition given by Thompson (1988)*, is 
classified as high. This is attributed to strict 
planning and operational procedures, including 
water distribution proportional to demand and 
partial control of the cropping pattern. Also the 
reuse of drainage water contributes to system 
efficiency. However, it has been disputed whether 
or not such strict planning procedures are strictly 
necessary to maintain system efficiency. 
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Approach 

The SIWARE model has been applied to the 
Middle Delta to evaluate the effects of a deviating 
cropping pattern from an indicative cropping 
pattern on system efficiency. It was assumed that 
the Nile water supply to the Middle Delta matches 
the total demands including the requirements of 
an indicative cropping pattern. With respect to the 
internal irrigation water distribution, controlled by 
the various regulation structures, it was decided to 
adhere to the standard management followed by 
the MPWWR in combination with the cropping 
pattern of 1987. 

The effects have been evaluated for an increase by 
approximately 10 and 20% in cropped area of 
high water consuming summer crops and two 
winter crops at the account of four crops with a 
low water consumption. Similar evaluations have 
been performed with 10 and 20% decrease, 
respectively. The cropping pattern of 1987 has 
been used as a reference situation with an 
indicative crop pattern. 

Results 

Growing 20% more high water consuming crops 
increased the total crop water requirements with 
2,700-106 m3 per year, which was not 
compensated by the Nile water supply. The 
irrigation system will be operated under stress 
conditions resulting in a high efficiency of 80%, 
with an increase by 4% compared to the 
reference conditions, which also appears to be the 
ceiling. As a consequence, the irrigation water 
abstraction by farmers increased. The marginal 
increase in official reuse by 3% and the sharply 
increased unofficial reuse with 171 • 106 m3 per 
year (16% increase), added to the additional 
441 • 106 m3 per year irrigation water quantity 
abstraction by farmers could not fully compensate 
the increased demand. As a consequence the 
average évapotranspiration is 87% of the 
optimum évapotranspiration, a decrease by 5% 
compared to the reference situation. The spatial 
distribution of the évapotranspiration is rather 
poor. Evapotranspiration on 18% of the area is 
less than 80% of the optimum évapotranspiration 
and on 55% of the area less than 90%. The 

overall or 'project efficiency' is 59% (lowest) with 
a decrease by 4% compared to the reference 
situation. 
Growing some 20% more crops with a low water 
consumption, resulted in a demand which was 
1,700-106 m3 per year less than necessary for the 
average crop pattern. This resulted in a very low 
efficiency of the irrigation system, amounting 
65%, a decrease by 11 % compared to the 
reference situation. The irrigation system losses 
increase dramatically with almost 
1,400-106m3.yr' (51% increase), caused by a 
declined irrigation water abstraction by farmers 
with about 1,300-106 m3.yr' or 15%. The official 
reuse of drainage water increases by 14% as a 
result of an increased drainage water availability, 
but the unofficial reuse of drainage water drops 
with about 220-106 m3.yr1 or 21 % due to the 
reduced demand. 

The spatial distribution of évapotranspiration is 
excellent for a threshold value of 80%. The 
évapotranspiration is the highest for all options 
with 95% of the optimum évapotranspiration, 
which is 3% more than in the reference situation. 
The calculated 'overall' efficiency of 60% is rather 
low. It is 3% less compared to the reference 
situation. 

4.7 Reuse and expansion of the 
agricultural area in the 
Western Desert 

The Umum Drain project in the Western 
Nile Delta 

The MPWWR is developing plans for re-using 
drainage water from the Umum Drain to 
supplement the water supply through Nubareya 
Canal for new land reclamation in the Western 
Desert. In these plans a control structure will be 
built in the Umum Drain downstream of the 
confluence with the Truga pump station (see Fig. 
19). By reversing the direction of drainage water 
flow in the Umum Drain as far as Shereshra pump 
station and pumping drainage water through 
Shereshra Drain and Sidi Eissa Drain to Nubareya 
Canal at Km 46. The drainage water from about 
293,000 feddans (see Fig. 19) can be reused on 
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Fig. 19 
The proposed layout of 
the Umum reuse project 
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the new land. In a previous study by DRI, it was 
estimated that this project could make about 
1.1 • 109 m3 of drainage water available for 
irrigation (Report 7). This figure of over one 
thousand million m3 was based on average 
drainage flows during the period 1980 to 1984. 
To extend the area of agricultural land in the 
Western Delta several plans are being prepared. In 
the present study two alternatives for expansion 

of agricultural land are assumed. The first 
expansion is about 10% (165,000 feddans) and 
the second expansion 11.5% (185,000 feddans), 
bringing the total expansion to 21.5% (350,000 
feddans) of the present total area. For all these 
scenarios the total Nile water supply has been 
kept constant resulting in a reduced water supply 
per unit area of 9% for the first expansion and 
18% for the total expansion. In order to 



56 Evaluation of water management alternatives 

compensate for this reduction in water supply per 
unit area, reuse of drainage water from the Umum 
Drain has been considered in two phases. 
Implementing the first phase of the Umum reuse 
project results in an increase in water supply by 
about 4%. The second phase of the Umum reuse 
project results in an additional water availability of 
4.5%, bringing the total gains of water to about 
8.5%. The resulting relative total water supply per 
unit area is given in Table 8. 

Table 8. 

Expansion 

agriculture 

area 

(feddans) 

0 

165,000 

350,000 

Relative quantities of water available per feddan in the Western 

Nile Delta for three options 

Quantity (%) 

I 

no additional 

reuse 

100.0 

91.0 

82.0 

Sheresha included 

(Umum phase 1) 

95.0 

86.0 

Truga included 

(Umum phase II) 

99.5 

90.5 

Scenarios 

Based on the assumption that no additional Nile 
water supply will be allocated to the Western 
Delta for the two alternative plans to reclaim an 
additional 165,000 or 350,000 feddans, three 
water management options have been studied 
and analyzed using the SIWARE model package. 
The three options considered are: i) to reallocate 
the same quantities of Nile water, groundwater 
and drainage water presently used for the total 
area after expansion; ii) to reuse additional 
drainage water from the Umum Drain supplied by 
Shereshra pump station and Abu-Hommos area 
(Phase I); and iii) to reuse the total drainage water 
from the Umum Drain project which will also 
include Truga pump station drainage water 
(Phase II). 

The water balance of the whole Western Delta 
(new and old land) on both a short-term and long-
term basis is examined and the impact on 
évapotranspiration as a result of water availability 
to the crop and changes in soil salinity is 
determined. 

Results 

System performance 
The model simulations indicate that the municipal 
water supply will be reduced as a result of reduced 
water supply in the options studied (Table 9). It 
should be borne in mind that the majority of 
drinking water pump stations are located near the 
tail-end of the Mahmudeya and Nubareya Canals. 
Such reductions in municipal water supply are, of 
course, not acceptable. In this respect the model 
simulations should be regarded as a warning that 
special measures safeguarding drinking water 
supply are warranted when water supply 
reduction options are considered for the Western 
Delta. 
If additional land is reclaimed in the Western 
Desert, and no additional infrastructure is 
implemented to increase the available drainage 
water, official reuse of drainage water will decline 
(Table 9). Implementation of the Umum reuse 
project (Phase I and II) increases the official reuse 
of drainage water considerably. When both 
phases of the Umum project are in operation, the 
drain discharges diminish, and thereby also the 
available drainage water for unofficial reuse. 
When an additional 350,000 feddans is reclaimed, 
the actual amount of officially reused drainage 
water is 10% less than when 165,000 feddans is 
reclaimed (Table 9). 

The SIWARE model simulations indicate that 
unofficial reuse of drainage water by farmers 
increases when the agricultural land in the 
Western Desert is increased, keeping the Nile 
water supply constant. This is mainly to 
compensate for the shortage of Nile water per 
unit area. This shortage causes a clear reduction in 
both the operational and spill losses. Upon 
implementation of the Umum reuse project 
Phase I and/or II, simulated unofficial reuse of 
drainage water decreases. Farmers located near 
tail-ends of irrigation canals and close to the 
Umum main drain apparently no longer have 
drainage water from the Umum Drain at their 
disposal. These farmers suffer not only from 
reduced irrigation water supply, but are also 
deprived of the drainage water source with which 
they were used to augment their irrigation water 
supply in times of shortages. 
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Table 9. Long-term water balance components for the alternatives of expansion of the 

agricultural 

Water balance 

component 

Nile water supply 

Official reuse 

Operational losses1 

Municipal water supply2 

District water supply 

Unofficial reuse 

Spill losses 

Crop water supply3 

Evapotranspiration 

' including conveyance 

area and reuse of drainage water in the Western Nile Delta 

Quantity (106m3yr1) 

no ex­

pansion 

and add. 

reuse 

10,363 

926 

1,072 

1,333 

8,884 

735 

1,138 

8,815 

5,712 

expansion » 

no add. 

reuse 

10,363 

901 

1,026 

1,263 

8,975 

746 

833 

9,222 

5,724 

165,000 feddan 

phase 1 

10,363 

1,349 

1,047 

1,289 

9,376 

708 

945 

9,473 

5,811 

losses from the main irrigation system 
2 including groundwater abstraction for drinking water supply 
3 including 334 million rr^yr1 of groundwa ter use 

phase II 

10,363 

1,904 

1,089 

1,324 

9,854 

709 

1,103 

9,799 

5,922 

expansion 

no add. 

reuse 

10,363 

871 

1,064 

1,195 

8,975 

748 

618 

9,539 

5,698 

= 350,000 feddan 

phase I 

10,363 

1,298 

1,076 

1,221 

9,364 

703 

702 

9,699 

5,797 

phase II 

10,363 

1,716 

1,090 

1,245 

9,744 

708 

806 

10,980 

5,903 

Implementation of the Umum reuse project 
Phase I leads in the long term to an average 
increase in irrigation water salinity of 18% and 
when both phases are implemented, the total 
increase in irrigation water salinity amounts to 
42%. The resulting long-term average irrigation 
water salinity of 475 g.rrr3 is expected to cause 
only limited crop yield reductions for maize and 
vegetable crops when grown on soils with limited 
internal drainage conditions. Although there is a 
higher level of irrigation water salinity in the 
Western Desert, where internal drainage 
conditions are good, no major problems are 
expected, as long as the water-table in these 
desert areas remains far below the land surface. 
In all the options simulated a continuously 
increasing trend in soil salinity is noticed up to 50 
years (Fig. 20). Since the reference situation also 
exhibits this trend, it can be concluded that the 
assumed equilibrium conditions for the reference 
situation were not reached. 
Expansion of agricultural land causes soil salinity 
to increase faster, but after 50 years approximately 
similar average values for soil salinity are reached, 

except for the Umum reuse Phase II project. It can 
thus be concluded that reuse of drainage water in 
the desert area has only limited consequences for 
agriculture and drainage water salinity. 
This conclusion has to be regarded carefully 
however. In the SIWARE model simulations, the 
water pressure and the salinity in the aquifer have 
been kept constant. In the long term, a rise in the 
water-table may also be expected in the desert 
area. This may in reality affect leakage losses and 
may lead to secondary salinization in these new 
areas in the future. Such a conclusion also 
depends on the correctness of assumptions 
regarding the assumed sprinkler irrigation 
efficiency of 75% and the presence of coarse 
textured soils in these new areas. 

Project evaluation 

Expansion of agricultural land in the Western 
Desert requires major investments in infrastructure 
including irrigation facilities. The Umum reuse 
projects Phase I and Phase II also require 
considerable investments in pump stations and 
remodelling of conveyance channels. The 
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Soil salinity (S-nr1) 
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Fig. 20 

Soil salinity evolution in the 

Western Nile Delta after 

land reclamation and 

implementation of the 

Umum reuse projects 

operation and maintenance costs of the resulting 
irrigation system will increase significantly because 
of the need to pump water to higher elevations. 
At the same time, total crop production in the old 
lands will decrease due to diverting significant 
quantities of Nile and drainage water to the new 
lands. On the other hand, total financial output is 
expected to increase because of additional crop 
production on the new land and associated 
economical activities, creating additional job 
opportunities. In order to arrive at a reliable 
estimate of the optimum degree of expansion, 
among other factors, knowledge of changes in 
crop production level in both regions is 
indispensable. Basic data for this knowledge can 
be provided through the simulated 

évapotranspiration which relates to crop 
production, as shown in Section 3.6. 
In the present study, gains in the desert area and 
losses in the delta area for the different options 
are evaluated in terms of évapotranspiration only. 
Evapotranspiration is used as an indicator for crop 
production. Gains in évapotranspiration can 
therefore be considered as benefits gained by the 
project and reductions in évapotranspiration as 
additional costs. 

The SIWARE model simulations indicate that 
evaporative demand in the desert area is about 
1.15 times as high as in the delta area. This means 
that 15% more water is required in the desert for 
growing the same crops as compared to the delta 
area (10,278 m3 per feddan for the desert area 
and 9,014 m3 per feddan for the delta area). Also, 
the productivity of the desert soils may be 
assumed to be less than the highly productive clay 
soils in the delta area. This leads to the conclusion 
that each unit of évapotranspiration (m3) in the 
delta produces a higher economic return than 
each m3 of évapotranspiration in the desert area. 
Table 10 shows that extending the area without 
additional reuse of drainage water will lead to a 
nettotal reduction in évapotranspiration and 
hence a decrease in crop production. This option is 
therefore not attractive. Extending the area by 
165,000 feddans and implementing Phase I of the 
Umum project results in an increase in total 
évapotranspiration of 1.7%. Implementing 
additional Phase II of the reuse project results in an 

Table 10. 

Expansion 

(feddan) 

0 

165,000 

165,000 

165,000 

350,000 

350,000 

350,000 

Evapotranspiration in the old lands and 

land reclamation and reuse alternatives 

Reuse 

alternative 

no add. reuse 

no add. reuse 

phase I 

phase II 

no add. reuse 

phase I 

phase II 

new lands as a result of different 

Evapotranspiration ( 106 m3 yr1 ) 

Delta area 

4,174 

4,010 

4,058 

4,133 

3,835 

3,877 

3,942 

Desert area 

1,537 

1,714 

1,753 

1,789 

1,863 

1,920 

1,961 

expansions of 

Total 

5,712 

5,724 

5,811 

5,922 

5,698 

5,797 

5,903 
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increase in évapotranspiration of 3.7%. Extending 
the area by 350,000 feddans and implementing 
reuse Phase I results in an increase in 
évapotranspiration of 1.5% and with reuse Phase 
I and II together an increase of 3.3%. This clearly 
demonstrates that an expansion of the irrigated 
area by more than 165,000 feddans is not 
justified, as the additional évapotranspiration does 
not increase. 

Municipal water quality 
The Alexandria region depends on two sources for 
drinking water. The largest part of its municipal 
water requirements (about 80%) comes from 
Mahmudeya Canal. The SIWARE model 
simulations of the different horizontal expansion 
scenarios showed that the quality of water in the 
Mahmoudeya Canal will change. The salinity of 
drinking water supplied will increase by 10% 
when the total expansion of 350,000 feddans is 
implemented together with reuse Phase I and II of 
the Umum reuse project. 
The drinking water supply pumping stations on 
the Nubareya Canal (Mariut pump station, located 
at Km 60 along the Nubareya Canal, and Borg El 
Arab pump station) both use water from the 
Mariut side branch at Km 96. These pump stations 
supply 15% of the drinking water for the Western 
Delta. The average salinity of these stations 
increases by about 40% up to 1,700 g.nr3 when 
both Phase I and Phase II of the Umum project are 
implemented. These problems could be solved by 
moving their intakes by 15 km and 50 km, 
respectively, to Km 45 at the Nubereya Canal, 
upstream of the mixing point with Umum 
drainage water. The model, however, did not 
adequately take into account the salinity in the 
downstream reach of the Nubereya Canal, which 
is attributed to a lack of information concerning 
the aquifer pressure and the salinity of the 
groundwater. Moreover the model concept and 
assumptions are not completely valid in the 
regions with rising water-tables that prevail on the 
fringes of the delta. 
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SIWARE's potential for other purposes and future 

developments 

The SIWARE model has been specifically designed 
to meet the needs of decision makers in water 
management planning for the Nile Delta in Egypt. 
It provides information on the availability and 
suitability of the agricultural drainage water for 
irrigation. Several choices have been made 
implicitly or explicitly during model development 
to tailor SIWARE to the needs of the Ministry of 
Public Works and Water Resources (MPWWR) in 
Egypt and to the circumstances in the Nile Delta. 
The model, although a highly versatile tool for 
decision making in water management, has the 
potential for a number of improvements which 
can be accomplished by further development and 
refinement. These potential developments of the 
SIWARE model can be classified in three 
categories: 

- software development, improving the ease of 
model application; 

- model development, extending the 
applicability of the SIWARE model to other 
circumstances than those of the Nile Delta; 

- linking SIWARE to water quality models to 
extend its applicability to water quality 
management and environmental impact 
assessment. 

Software development 

The Graphical User Interface facilitates the use of 
the model for short-term planning by the 
MPWWR. Further development of these interfaces 
is required in order to fully exploit the model's 
capabilities. At present for instance, lay-outs of 
irrigation and drainage canal systems have to be 
entered manually. Also establishing the simulation 
sequence for the distinguished subareas is a 
laborious and error-prone activity. Automatic 
determination of the simulation sequence and 
canal system definitions based on graphical input 
of the irrigation and drainage canals, location and 
type of control structures and links between 
subareas and irrigation and drainage canal 
systems would enhance and facilitate the 
application of SIWARE considerably. 
Recent developments in commercially available 
database management systems offer interesting 
opportunities to shift from existing data input 

procedures for the SIWARE model to one general 
system for input and output handling. 
Implementation of such a database management 
system for the model would also further ease 
SIWARE model applications that require additional 
input and/or output data. 
Presently irrigation rotation, taking place in the 
Nile Delta of Egypt mainly at distributary canal 
level, is assumed in SIWARE within the boundaries 
of the subareas. For application in other arid 
regions, or for studies at a regional level, irrigation 
rotation between canals or canal branches needs 
to be included in the SIWARE model. 

Management of groundwater 
reservoirs 

Under Nile Delta conditions, for which SIWARE 
has been developed, aquifer pressures are fairly 
constant. Groundwater use for irrigation and 
municipal water supply is of minor importance, 
compared to irrigation water supply. In the 
SIWARE model a constant aquifer pressure has 
consequently been chosen as the lower boundary 
of the simulated system. 

In arid and semi-arid regions where groundwater 
is an important water resource, such as in the 
desert areas adjacent to the Nile Delta, the 
introduction of irrigated agriculture results in 
increased groundwater levels. Through horizontal 
groundwater flow this may significantly affect 
seepage conditions in other, nearby low lands, 
causing secondary soil salinization. The same 
holds true in the case of significant increases in 
local groundwater abstraction, changing seepage 
and leakage conditions in other areas. 
For the simulation of irrigation water 
management under conditions where 
groundwater management plays an important 
role, the SIWARE model must be linked with a 
regional groundwater flow model. 

Environmental impact analysis 

The SIWARE model simulates the flow of water 
through irrigation canals, through the soil system, 
and through drainage canals. At an early stage of 
model development it was decided to limit water 
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quality aspects to the simulation of the 
conservative chloride anion, which can be 
considered as a tracer for other water quality 
parameters. As such, the SIWARE model has 
proved to be capable of simulating water and salt 
balances correctly for the Nile Delta 
circumstances. 
Several sources of pollution threaten water 
quality. World-wide agriculture is under pressure 
to increase production to feed the growing 
population. This is achieved by an increasing use 
of fertilizers and agro-chemicals. Waste-water 
discharges from industrial plants may include 
heavy metals and other toxic chemicals. Sewage 
discharge from municipalities includes organic 
compounds, bacteria and viruses. 
For water-borne transport routes of chemical or 
biological substances the SIWARE model offers 
excellent opportunities. Through the inclusion of 
other water quality aspects in the SIWARE model, 
or by an external linkage to water quality 
modules, the model's potential for environmental 
impact assessment can be realized. 
All transport routes of pollution, either through 
the application of agricultural chemicals applied to 
the soil surface, or through waste-water 
discharges to irrigation or drainage canals, are 
described in the SIWARE model. Extension of this 
model with the relevant processes provides a 
powerful tool for evaluating alternative measures 
combating water pollution. 
In order to combat the deterioration of water 
quality, the development of sound water quality 
management policies and plans is essential. In 
addition to the installation of additional waste­
water treatment facilities and the adaptation of 
the legal system, there is a need for water quality 
monitoring and information systems. The new 
project, Monitoring and Analysis of Drainage 
Water Quality, within the framework of the 
Netherlands-Egyptian Technical Cooperation will 
provide important data and information which 
can be used in the calibration and validation of the 
future water quality version of SIWARE. 

Continued cooperation 

Development and application of the SIWARE 
model package for the analysis of irrigation water 
management in the Nile Delta in Egypt has been a 
joint activity of the cooperating institutes, the 
Drainage Research Institute in Cairo and the DLO 
Winand Staring Centre in Wageningen. These 
activities were made possible by financial support 
from the Ministry of Public Works and Water 
Resources in Egypt and the Ministry of Foreign 
Affairs in the Netherlands. 
Both cooperating institutes realize the importance 
of the SIWARE model as a decision support tool 
for water managers and planners both in Egypt as 
well as elsewhere in arid or semi-arid regions. They 
therefore decided to continue their cooperation to 
develop the SIWARE model package for universal 
applications. 

The extension of SIWARE to other regions would 
consider in the first place its application to the 
whole Nile Delta as one region including the two 
Nile branches and the new reclamation areas. The 
application of SIWARE to Upper Egypt would be 
beneficial especially when a water quality module 
is included. At this stage, the SIWARE model 
cannot predict the effect of different types of 
pollutants in the drainage water on Nile water 
quality. 
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Actual évapotranspiration 

Advance function 

Allocation 

Allocation duty 

Alternative 

Application program 

Aquifer 

Aquifer pressure 

Area/study area 

Calculation unit 

Calibration 

Capillary flow 

Case 

Clay cap 

Conservative ion 

Conveyance losses 

évapotranspiration when moisture and salinity stress occur 

mathematical function describing the speed of a water front 
moving across the field during irrigation. Advance speed depends 
on irrigation capacity, surface roughness, open crack volume and 
infiltration rate 

planning procedure for determination of quantity of (Nile) water to 

be directed to intake of main canal during a certain time period 

quantity of water per feddan to irrigate a certain crop to be 
directed to a main canal intake during a certain time period. 
Includes conveyance losses. Used for water allocation 

one of the possible solutions for a problem 

tailor-made computer program to be used in conjunction with a 
database to perform a certain data elaboration 

term used in hydrology to indicate (thick) saturated soil layers 
where horizontal flow prevails 

pressure head observed in aquifer. In groundwater hydrology 
water column expressed in metres relative to a certain reference 
level. In SI WARE the reference level is either the soil surface or the 
depth of (subsurface) drains 

defined area to which SIWARE is applied 

small part of area where relevant conditions are equal. Water 
supply originates from one (branch of a) main canal, agricultural 
drainage water released to only one main drain 

procedure to adjust certain model parameters to match model 
output with observations during a particular year 

water flow through unsaturated soil. In SIWARE used for upward 
flow from soil layers beneath the root zone into this zone 

term for a SIWARE run 

relative thick layer of fine textured soil overlaying a coarse textured 
(thick) soil layer or aquifer 

ion found in soil solution which does not react with other ions and 
does not interact with soil particles. In SIWARE the chloride ion 

quantity of water lost during transport through canals to a final 
destination. In SIWARE: evaporation from free water surface 
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Crack/crack formation 

Crop water requirement 

open space in soils caused by shrinkage of soil 

quantity of water required for one feddan of a certain crop for one 
irrigation application or for the whole growing season of a crop. 
Approximately the quantity to recharge moisture deficit plus a 
certain quantity for soil leaching and conveyance losses 

Database a physical system to store and retrieve data concerning one or 

more subjects 

DESIGN a computer program in the SIWARE package for preparing inputs 
for the WATDIS program. Deals with canal dimensions, Nile water 
allocation and the determination of target levels to be 
maintained downstream of water depth control structures in 
irrigation canals (not intended for operational applications) 

Digitizer (electronic) table, connected to a computer for determination of 
(local) coordinates of lines on a drawing or map. Used to enter 
borders of area and calculation units 

Discharge 1 ) hydraulics: certain flow rate through a cross-section of a canal; 
2) hydrology: flow rate towards aquifer or flow rate through 

cross-section of aquifer 

Distributary irrigation canal, under rotation, from which farmers withdraw 
water for irrigation. In SIWARE assumed within the borders of a 
calculation unit 

Distribution 

E-mail 

operational procedure to divert planned quantities of water to 
specified locations at planned time moments. In the WATDIS 
program management procedures for maintaining target water 
depths upstream and downstream of control structures as 
calculated the DESIGN program 

Electronic mail. Procedure to send a message or file from a certain 
computer to another computer at a remote place. Use is made of 
telephone lines and communication satellites 

EC 

Evapotranspiration 

Electrical Conductivity. Physical-chemical parameter of (drainage) 
water to characterize its salinity. Parameter is related to TDS 

quantity of water lost to atmosphere per unit area per unit time 
period from (wet) soil surface and crop. Quantity depends on net 
solar radiation, air humidity, wind speed, duration of sunshine per 
day, but also on moisture and salinity stress 

Expert judgment in the absence of documented information the estimation of the 
magnitude of a certain phenomenon, quantity or procedure by an 
expert 
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Farmers' uptake 

File 

GUI 

Heavy metal 

HUB 

Infiltration depth 

Infiltration opportunity time 

irrigation water abstraction from irrigation canal by farmers 

here: set of data present on mass storage of computer under a 
certain (file) name 

Graphical User Interface. Computer (shell) program for a user's 
friendly access to the complex SIWARE package. Its functions are 
transparent file management, easy data input, running of the 
programs and inspection (on screen) of program output in the 
form of graphs or maps 

toxic metals: Mercury, Cadmium, Lead, Copper, Zinc 

central distribution unit in a LAN connecting PCs, terminals, 
plotters, and printers in the main circuit. A HUB causes data to 
'jump' to a certain destination 

quantity of water infiltrated per unit area into the soil 

time period that it takes a standing water layer found on the soil 
surface to infiltrate into the soil 

Irrigation/drainage system the totality of canals, water depth and flow rate control structures, 
(irrigation or drainage) pumps, intakes for municipal and industrial 
water use 

LAN 

Level control 

Local water requirement 

Main canal 

Marwaa 

Model 

Local Area Network. A physical network of wires for data 
exchange between (local) computers (see also Server) 

operational procedure to control a predefined water depth 
upstream or downstream of a control structure. In Egypt the 
downstream water depth in a canal is related to a flow rate 
according to a stage-discharge relationship 

crop water requirement depending on local weather, soil, 
drainage and geo-hydrological conditions 

canal for conveying water to a vast area. No irrigation water 
uptake from this canal 

small irrigation channel under rotation, maintained by farmers, for 
water supply to farmers 

1) representation of physical processes in the mathematical 
formulations and calculation procedures used in the SIWARE 
package, 

2) schematic representation of real situation through data sets 
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Moisture deficit 

Moisture stress 

Network 

On-farm water management 

Option 

PC 

Plot/field plot 

Policy 

Ponding period 

Potential évapotranspiration 

Program 

Rapid drainage 

Rating curve 

Recharge 

Regional drainage 

Representative plot 

Resident time 

difference between soil moisture holding capacity at field capacity 

and actual quantity of soil moisture 

soil moisture status preventing crops from realizing potential 
évapotranspiration 

1)see Irrigation/drainage system 

2) see LAN 
3) see World Wide Web 

1 ) irrigation practice at farm level 
2) decisions of farmer related to water distribution among crops 

different solutions to a problem to attain almost similar results 

Personal Computer. Computer with mass storage facilities and 

own operating system. In general used as stand-alone computer, 

but can also be integrated in a LAN 

piece of land treated in irrigation as a unit 

predefined procedure in water management 

time period with standing water layer on soil surface (see 

Infiltration opportunity time) 

évapotranspiration in absence of moisture and salinity stress 

coded mathematical formulations and procedures for execution by 
a computer. The SIWARE package is coded in standard Fortran 77 

loss of water through cracks to field or subsurface drains during 
irrigation 

relationship between water depth and discharge or between wet 
cross-section and discharge 

downward water flow to aquifer 

1 ) flow rate of water losses from calculation unit composed of 
agricultural drainage, spillway and tail-end losses, and disposed 
sewage water; 

2) procedure in REUSE to translate field drainage into agricultural 
drainage from calculation unit 

typical plot of certain crop in calculation unit 

elapsed time since drainage from plot occurred and this quantity " 
appears in regional drainage 
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REUSE program in SIWARE for calculation of drainage rates, actual 
évapotranspiration of all crops during successive irrigations, 
unofficial reuse by farmers, and irrigation water salinity 

Root zone 

Sakkia 

Salinity stress 

depth below soil surface where 80% of root mass is found 

animal or engine-driven waterwheel for lifting irrigation water 
from sump, operated by farmers. Present design based on 
thousands of years-old concept. Nowadays large number replaced 
by mobile diesel pumps 

osmotic potential in soil solution causing less than potential 
évapotranspiration. In general moisture and salinity stress act 
through similar mechanisms 

Salinization 

SAR 

increasing soil salinity with respect to time. Cause: saline seepage 
and waterlogging or under-irrigation 

Sodium Adsorption Ratio; parameter derived from chemical 
analysis of drainage water, to express sodicity of soils 

Seepage/leakage 

Server 

upward/downward flow from/to aquifer 

dedicated computer in LAN for organising data exchange 
between computers and mass storage or peripherals (printer, 
plotter, digitizer) 

Shrinking reduction of specific soil volume by diminishing the moisture 
content observed in soils with a significant content of clay minerals 
in the montmorillonite and smectite group 

SIWARE 

Stage-discharge 

Simulation of Water management in the Arab Republic of Egypt. 

Program package described in this report 

see Rating curve. Especially used in relation to flow control in 

irrigation canals and discharge measurements of drainage pump 

stations 

Strategy consecutive actions to implement a certain management 
alternative 

Sump well, connected through a specially designed tube with marwaa 
or distributary, from which water is lifted with sakkia. Owned by 
one or a small group of farmers 

Swelling increase in specific soil volume due to increasing moisture content. 

See Shrinkage 
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System losses 

Terminal 

TDS 

Validation 

WATDIS 

Water duty (local) 

Water management 

WDUTY 

Workstation 

World Wide Web 

conveyance and operational water losses from irrigation canals. 
Tail-end losses at the end of a canal to drain, spillway losses from 
distributary to drain. See Conveyance losses 

screen with keyboard, connected to remote host computer. A 
terminal has no mass storage facilities nor can be used as stand­
alone computer 

Total Dissolved Salts per unit of volume of liquid 

procedure to check the reliability of calibrated model for 
predictions 

program for water distribution simulations 

quantity of water required per feddan during one irrigation of a 
certain crop or during the whole growing season. Depends on 
local situation (climatical conditions, soil type, seepage or leakage 
conditions, irrigation capacity, plot size). Leaching requirements 
and conveyance losses included. Adverse effects of salinity stress 
ignored 

total procedures and policies for water distribution in Egypt 

program for the calculation of water duty for each crop during 
each irrigation in each calculation unit 

powerful computer for applications which require complex and 
heavy computer calculations (for example ARC-INFO. Could be 
connected to LAN. 

physical network of telephone lines and satellite communications 
between computers all over the world. Included are several 
computers at different nodes to relay messages and optimize the 
routing of messages. DRI has a main gateway to this web 
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No. Year Title 

1. 1983 Manual on short-term routine measurement programme. 89 pp. 

2. 1984 Complex, a computer model for solving chemical equilibria on the basis of activities. 31 pp. 

3. 1985 Estimationof available water for El-Salam Canal Project. 14 pp. 

4. 1985 Yearbook 1980-1983 Eastern Delta. Discharge and chemical composition of drainage water. 73 pp. 

5. 1985 Drainage water discharges and salinities in the Nile Delta for 1980 -1983. 24 pp. 

6. 1985 Results of calibration measurements of pump stations and open drains, Eastern Delta 1981-1984. 

25 pp. 

7. 1985 Estimationof available drainage water for El-Umum Reuse Project. 31 pp. 

8 1985 Results of calibration measurements of pump stations and open drains, Western Delta 1981-1985. 

33 pp. 

9 1986 Results of calibration measurements of pump stations and open drains, Middle Delta 1981-1985. 

38 pp. 

10. 1986 Yearbook 1980-1983 Western Delta. Discharge and chemical composition of drainage water. 84 pp. 

11. 1986 Yearbook 1980-1983 Middle Delta. Discharge and chemical composition of drainage water. 60 pp. 

12. 1986 Drainage water discharges and salinities in the Nile Delta for 1984. 60 pp. 

13. 1986 Yearbook 1984. Drainage water in the Nile Delta. Discharges, salinities and chemical composition. 

72 pp. 

14. 1987 Yearbook 1985. Drainage water in the Nile Delta. Discharges, salinities and chemical composition. 

101 pp. 

15. 1988 Yearbook 1986. Drainage water in the Nile Delta. Discharges, salinities and chemical composition. 

104 pp. 

16. 1988 Accuracy analysis of routine measurement programme. 38 pp. 

17. 1989 Manual on measurement programme for quality and quantity of drainage water in the Nile Delta. 

118 pp. 

18. 1987 Users manual of the data base system and computer programmes. 37 pp. 

19. 1989 Manual DRI laboratory. 82 pp. 

20. 1987 Description of the measurement network in the Nile Delta. 146 pp. 
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No. Year Title 

21. 1987 Results of calibration measurements of pump stations and open drains in the Nile Delta; Update 

1986.39 pp. 

22. 1989 Formulation of the'REUSE'model. 52 pp. 

23. 1994 Formulation of the water and salt distribution model 'WATDIS' for surface water systems. 95 pp. 

24. 1993 Formulation of the on-farm water management model'FAIDS'. 118 pp. 

25. 1995 Users guide for the program'WATDIS'(in press) 

26. 1994 An update of calibration measurements of pump stations in the Western Delta, 1992-1993.51 pp. 

27. 1994 SIWARE Users manual V I . 1. 117 pp. 

28. 1991 Comparison between two approaches for irrigation water supply in the Eastern Nile Delta of Egypt. 

45 pp. 

29. 1995 Water quality results at selected reuse pump stations (in press) 

30. 1991 Analysis of water management in the Eastern Nile Delta - Main Report. 245 pp. 

31. 1988 Yearbook 1987. Drainage water in the Nile Delta. Discharges, salinities and chemical composition. 

102 pp. 
32. 1989 Yearbook 1988. Drainage water in the Nile Delta. Discharges, salinities and chemical composition. 

119 pp. 

33. 1991 Yearbook 1989. Drainage water in the Nile Delta. Discharges, salinities and chemical composition. 

124 pp. 

34. 1992 Yearbook 1990 Drainage water in the Nile Delta. Discharges, salinities and chemical composition. 

124 pp. 

35. 1993 Yearbook 1991. Drainage water in the Nile Delta. Discharges, salinities and chemical composition. 

152 pp. 

36. 1993 Training manual of SIWARE model. 106 pp. 

37. 1993 Yearbook 1992. Drainage water in the Nile Delta. Discharges, salinities and chemical composition. 

154 pp. 

38. 1994 Yearbook 1992/1993. Drainage water in the Nile Delta. Discharges, salinities and chemical 

composition. 148 pp. 

39. 1995 Yearbook 1993/1994. Drainage water quantities and qualities in the Nile Delta (in press) 
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40. 1993 Description of the SIWARE Package Version 1.0. 20 pp. 

41. 1994 Technical and functional documentation of an interface for expert users of the SIWARE system. 

29 pp. 

42. 1995 Maintenance manual Graphical Users Interface. 80 pp. 

43. 1995 Graphical User Interface, Manual for end-user. 30 pp. 

44. 1995 Calibration and validation of the SIWARE model: Middle Nile Delta. 45 pp. 

45. 1994 Water management scenarios for the Middle Nile Delta: I. Reduction Nile water supply; II. Effects of 

deviating cropping pattern. 50 pp. 

46. 1995 Calibration and validation of the SIWARE model: Western Nile Delta. 71 pp. 

47. 1994 Water evaluation management scenarios Western Nile Delta; Umum Reuse Project and land 

reclamation in the Western Desert. 39 pp. 

48. 1995 Re-calibration and validation Eastern Nile Delta (in press) 

49. 1995 Water management scenarios Eastern Nile Delta. Evaluation implementation of El Salaam Canal 

project (in press) 
50. 1995 Reuse of drainage water in the Nile Delta; monitoring, modelling and analysis; final report Reuse of 

Drainage Water Project. 

1992 Proceedings of the Reuse Workshop on 'Water Management in Irrigated Agriculture in Egypt', 

April 21-22, 1992.207 pp. 
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t t j j l l l ^,-iljVI J 4 .jin.,11 j^jll »L. CiUaS j i U . i 

LUjll In..ij <1U1> J e j—iLjll j-jj^lll j l ilt I jjiLi o jL i l 

tf I) / \ • j loi»; ^LLiJI U i J J^ill »U . c L ^ o^^ *il 

J CiJ-aJ fJ 4jLi ( ^ t< . j - i - . jUL. \ , \ J i j -» . J jU-i U 

— O U 4 j irti J j . ̂  11 I r* LLiVI _ir. a jjj_.j 6j i i ^ oÎ JJU 

£htai <-ûUI »jIjVI j j ^jL-VI I jj» j - ' •-'•••I j _ ^ CU UJt 

• <i..n'i->JI f jöll Xini j ï l j i j i L-j..,t« UólitM 

eM^pti j i L ü i 3r :~ < -^u l aL»l ..-.*Vi ü b U L i . o 

tfjeüsli , ^ — i l y—£pli ü» j a i l j,^—Ui 
_ i - ^ j "Il j . i À J j_uL3 ^—k-ljjJ ^^-L-àL^JI r J J _ A 1 I I r * -̂  " •-•! 

o U J c / T . 

^ U-ï>L. j L i L^t ^ j . « t i l 

UJ <<l|"i,„l,l J i . r t l t l l i t i j j LtLj 

j i j ^ U l c u ^ J l o L S £ . »UU1 ISjl+i-l JiVI J^»Lai 

^ i U I »JLÜ J l (*.# »JLJ>JI J t ù 1 J l sit^UI c jL - i l 

.<luJI ^ u > L j l * ÖJ^* ^ v • ' J ' -1*^ * ^ ' Ù-* 

^i . . . .< . _, "i . j j i l. XV. • j i j ï»i èLJLI JA >T<>ll̂ il »jLjj 

»1* j i j j J I >Lu >l.i t"i ...I »»LiS j L i Jljl « t I'I'IJ <I_JI 

OJ—o" ó^-i L. ̂ ^ J l ^ j /A . J l ^ J l o ^ j l <JLJI 

<-̂ >i« J i j - ^ J l l p l j j « "IILJ j i "ill ^ j_j_»iJI i l l ,.,ij 

< •>,i Vi i_i « illji-ijjiJI iSA\ J e Jj ./»111,1 cLülj <J_>JI 

j ^ j c . i 11 ...I l »UU < ^ > I J '• ;"11 4-ûUI »JIJVI ^jL^V 

öiUl l ^Lu,l J t J j . ^ t l l ^LUVI JJ^-I J U i l IJJ» ^ 

J ^oJLJLi UjJ^J j i l Z j i l l <JjLiJI jü i - j t lil i i«< (ju 

I f l a - j i . ô».jJj Ci Lil I JJĴ ?- Ü L i . J <^.LII Ci^Ujll l l t a i 

• J j ' o t l l ^LüVI C ŷ 

»LiLa_ ^ u-iLjJI ^4>*ill » j jJ Ql . i j l ...I j j£J j j j 

J cLiik; JiLk , > LJJJI J.LL. J t j^uJIj (̂ jJI oLi»t 

J j . « t 11 ^jjSjilIj «Lil ÏA^LJ î jljV <il"it É ciVU. JLuljj 

. L u l l i j Ifilj-Al j Cilinli-ill »j-4 n^ijJ <JL1I »jiill j 

f I f M t ,i!é&tol •••<^t
li•-'

, 4tt«l 

J ^ U U I j iSI > i j ) i,VI J j ^ » ^ . J>LJ j ^ , > J l ^ 

Jil Jj,^.t » JJ» j) »jjll J j . r t t . i (ali.II Kj*|* •••) <ilitll 

Jj.«»t I CÛU.I eiLiill ^jivü. j j j L j c j l (al .«II Kal|"mil 

»jjïi j t a i j j j_iki ^ j i+j j j - --«i i CVJ-«JII > i ) * 1 

<il J l u^iLjJI j;^-»JI f iL i i o j L i l cu j . LUJJI j j _ i 

(£ji aL_. ^ lMjtS. jJL. Jij^-L ^^o JjLkj L. j-i-ijj 0^^ 

/y j i ^ Jü VI <L-J j j oLtl . i . . e» LLil L. I j | 

. mAfLL . 

L. Ijl <_..ill ^uÜ j^ i j i jS-JI J J <il gJllill C*a—ijl LS 

jSJ j J>Ü /A jIxLu 1| "ir IjJ r j i ml I dLvl ,,il I ^j-à- »L 

/ V» AA- • j j <JJIII CL^Lla.1 j l ^jVI ciLüL. j ó ü o 

dij ĴTG giLUll c — i , l US - o U / Tj. Vi . . J l j l d i 

J t o^UI ô»jX.j J j — J l £LUVI J t »Uil J j-ijJI 

. JU&JIj OUjÜI (£j l l 

<^UI 4—Jl J j L J 1 j > j 1 ^ i l j V l c i U « l ^ l ( _ f i t ^ J I .T 

jrLJJVI j j ciIjji"ilL j_i*i*îH j -»iLjl l rj-»ill 3.' .'*''' 0^*' 

^^iljVI J-iL^I^il ^ J^-jill j i t <Jj"dl <a.jL.j J j . ^ t l I 

1 »J'ij ÓV ü'-*-* 1("8, Uall JJ—'t f * 

J l j ^ J j U , J—jJI I JAj U j l l J J J , ÜÜUil U U I 4-ÛUI 

<jtlj3ll <a.LJlL <ijlilL.) ^etljjJI cJill o^Ul l > /NV 

. J J jLj J l tf&i J i j j l J - ^ J j - i j ( U A A f L - t ^ 

jlJJUJ Ulall j j - i 4_iLi» JU < jl« ill jüJ, j t jll CiVj-»-. 

j - * J .• j ** u ^ ^ A J J - * f J - t J 1 j - e — ^ i L%» / \ "•. 



' * j l l * j i l l j* J£ H L . j i t c.jIU.1 (_£_>]! »Lu ù L i i 

j aXa j J i l l ' . ..dU l + u u ^ l U l j <Ä.Lill JjljJ.1 ^ L J y j * 

^ 1 C i i j j J I »LJ.I » j U i t l <jl ü L j;i*-»ill l i» a'l _>ÜIL 

( o i a . j j l ) _J»1I »Lu û U i l i$J ^lj^'l...aU l | I-» ... j£»J 

Ajj jJLiJLj ' - 1 •-*•• -1 »jLcV J ^ J I »L-« j . j-LUI L À I I J 

c j i L I I <jJ*JI J i l l »L» <u£ *^f~* 

, pjju W D U T Y ^jii\ ^ L y J I çj^uill j l i dljS 

» j ^ l l j«_ui J j . JSJ <_J«_â)l 4_jiUI c U . i ->VI 

' ' "JLU ' . ' I 1 1 °U^**"j ^ j ^ ' £ j j jLücVI is* 'J- î ^jjl••• ->H 

•tfj" fLlUjujJ—'I '-'•"i'j 

»lull J ù l l t ùp lU pfJLl W A T D I S ^^11 ^ ^ J l LI 

J l . , It l j . - . . . < J ... •>!! clj-».jll J£ J t 

c,ULLi j ^ j U i J£ ^ » ^ u ^ l £^111 <£^il o iJ j jXuJI 

J/i.'.ll j l i di& Lj- î » i L J I ^ j J j j x u J I J^Ji l l j LJJI 

<<• . t j . <^.LuJI JL»tVljCjLI>JI J j i .V. »LLUl ^ L J I 

<uL»JI Jl • .Î.VI » j l j j <Jj-*~ (±i tsJll JJJ j e 1 ^ ^J-^1 

»_jjJI j . »ULI j j , »LSL»_» r l k i j l L»£ <_̂ LLI jjUJUj 

tXa,J J£J < i l l »II oLa- i 1 "• -kVI |_r.Lu<l (_rlt ^ 11 . r I • - '• . . . j i l 

J x i u . -bU 4_.j)Ui o i j . « ; 11 1.A_I 1 j ifj\ »i_i_. j . «_u 

. (uj- i l l j 4tLuJI) iSJLH <L^.i\ c L - l ^ 

çbLVI ^jSji i».jj >-.!...> 1 |»jJL REUSE ,j*.>JI j;4h»ill j 

1+J.bLii.V < -ji j V. ^^11 <£ui JIJJU.1 J t ^jJI » L J - J 

i •* . v. j . . -,h I j ^ j UKI I «Jij.« j j t o i j^al l »I 1 » o l j «^1 

ft.ii.jJJ »^jà.UI ^ jJI »Lu "LuS CiJJ^f fJ* i f-* l fc>^" J-«'.**^ 

. .1 ...~ • « j i I jSj «JLllaJJ <JLaJI J i .o l -k l l J t <jil,,•-»II 

j 1 r » n • — • O^-j'>^' ^ U M I J J » JJ-^».L1I wîJ 1 rt 11 a Li_* 4 1 »S 

lx» j L i J l i i .rfjJI o ^ 1 ^ - i j l — a i C L ^ i > < . . . ...j 

u* l ü i 4_kUiJI u i - j jb jJ I oVaj>-ft y l n i t 1 ^j>i. ^ jj-ftill 

<AjPi\ ^ »4>a.jll <-yi»^ll « i -» O* »Jil—Jl » J x ^ 1 J1-f:i*•,'l 

j-^_p I j ^ j ^ j j . f i l l »Lu ciLvtl >_IIMI-> 1 r J>*jl' ' j - * fj^i f-' 

£ <jjL-»aJI »JÄJJI 0 - ^ i J j . r t -> . JS j > <Äilill Lfj ^iLftVI 

»Lu - i • -< 11 -Il «1 • - J J * ' t~- -11 o l 1 «̂ 11 » 1 * «1 «̂ "1 f^j 

»4>iill j^JI »L. o L u i j fiópJ1 J^JJ ^ ^ i > »-O^^1 C«J" 

^ i ^-•--•-M »Ul j > j i U I IjSj *^-;ûjJI £jill oLLp i t 

^ <jliJI ^j^uJI »Lu oLuS > JJJOI o t l j j _uill <t-liVI 

<ikllL ^uUiJI j_vuJJ 

J L i» ( i , x ) l ^u j ^^AA/^^Av flLc.>T-i._>l.JLl.(T,v) 

. - . I . . . I . . I I . - . , . j j i ,.|i;,< . . ^^^^/^^^. ^Lt > j i . j i . 

JLJU ^ 1 ^ » J _ U J I » L I _ . ^ J-5L.VI > j - S j i L,„j 1 . j l 

j ( j j j l ,i t ^ JijuJJLI ^ »3-? A"\. j u ^J 'J -JJ L|-«l 1^ "1 ml 

CftjljJ.1 » » 1 i i ^ j j LiS .^, -aj l ü £ ÙJillI u*'j>- W" 

j j » j .M I » j t l j > l l ^Jj-^JI » L u f I • - * •••! J I J j l j^ l l 

J J A ^ I J »J^aj , ,« , « j u — . j j — i J l i JLU. j >J y^JI 

. "̂ "^ 

juiLjjll C ^ i l l .u 

jji>ii f l i à i i J J..U-; -.I <j,„i .„vi oL. jn ...11 j^ . i j 1 

j jt ^Jj-uJI »Lu jtl 1 ^'i .„I » jUI j J t j « ' i . ' . j j l ÔUUI 

» L u o l _i «^ ji < 1I1 j " . ,„11 .-.!_, . . ' . I l , j •'•"II J t »jaiJI 

» j l jVI j ^o l j t j j p l j i i ' i l l ••- _•"'•< 11 "••'jl- <-^jj j t j .^H 

fZ J -Li J i l l . . ^ j , n -> I I ..<_, '.II j <_ûlil 

jLLI^ SIWARE ^LyJI £^-ul l 

J.I . 

» j L c l 

»L£L»J. « Iji j - Jj_*JI l i t J_»J j i_ij_MoJI » L u > 11 - * -j 

^ j lU-JiVI y ip—II ^ i üU I öftj^JIj »jljVI ^ J L - I 

.jJi juJLiVi f.... »•; ^ u . 1 ^jL. ^ - ^ L J I ^ÀJ-»^1 r>*iJ 

» j l - t £ £ ^ i l l j (<-ul ... •> o l jJk j ,_,« ..o) » j _• • . « o l j - a j 

L i i j-ftVI - I I L ' I J j j j . . ^_JI i j l j l 4 > U V J j l i x i j -

< -»I.i.lI Ù J ^ '-'.'"*.' >>-—»! d l jA. j ^ 1 olxa.jJI »j 

o i j ^ k l l j L j j l l ' ; - 1 - j . < ...•.I ? '. . l u i i l J « « iljJI 

J i l I J ^ I LJ j o« ..ui i i j J l j « j^à ^^Icj • • ' ' t J ' J J ' ' < * ' 

j L Ü I J I I j j - i ,jk »OJ.J AA L j l . < nl .1, •» » A Ä J TAO ^Jl 

^ J ^ . ,_,» i nl "• •» »J-»J A\ j Liljll L^,j ^ t X a j \ \"\ 

. L U I 

l i - ^ y ^ j j u j i f . i j j c ouLu <-

cLLull l i i , ü k U L Jij—Jlj tfjll ^UiJ ̂ LJI J< : )H 
o L i Liy ur-i»-?" ù ' ^ ' j ^-fj-1" o^ l—ai . j t <.JJJ_uJI 

^ U . J l l i t . . J j . » - > l l v ^ ^ J l j i ^LU I J J J J J L 

ctLuJI JL. <^tlj3ll j j i iLniuliU <. •-'• 11 »ULI L » i 

t i lHJ * j ' J ' tr* fJ-àJuall y^»L-VI j t bluii yj^UI »Luj 

. »Lil 

•""LjJI ^JLill j . < I ) »a j (>. ^^ÙILJJI ^^uil l ÖjSly 

J^J—' ijl*-* • • »LSLaJ.1 <jL%t J IJLJJ Lfl* J i l «-itjill 

ul ... •>. ̂ 1-^ DESIGN y^-iLJI EJj_uJI JL i l l 
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t i j^ i t » u (il«*««; Ï ÉU; t§ J - * 

K ù ^ u u »J Jij >_iic .. calüil LJjII jL l i . jJt <tjj>« 

oULUJ -.•t.-'j'- V l - J l j H j L i i V U A . r U ^ i j L J L I 

è j L c l f j p •» « Ij-. ^ A T «.Lc j_L. j ^_ij_^»JI »LJ, O j j a J I 

r • - " J j l J-^OjJI K l •*! «L»Lïl j j ^ J j ^ J I »L_» A I . ̂  "I ml 

» J + J ^ V L <<i .Ml d t -u j j -J j o " ^ - * £ -*>* ^ * J ' j - ^ LJL». 

j j O I ï i j < J J J J o l ml j ï » l j -» . l ( j « i A'i ^ 1 O I J - J U I J 

» L i l - L ^ j L j • « j — * H . . i^-.l < . .1.1 I «j_„,LiJI -.1 «. - I j l I j 

. £ J > . JS, JJA 

«J^^A-AJI t L i Jj-« o l ' i i a l (£ jJJ J11~fc~i ^—•Lĵ jjJI I j_A J « I M I L*S 

o L j - ü V I j o l A j ^ l S l l j Ç j L . V I j - k S j J Ca. jJ J J Ü J J . jLvalL 

«J J J J IX* -isß »LJ. I < ^ a . ^ L ^ j » j ^ i L ^ . < i i U LjJ ^ 1 

«Lil « j U ü i l C iLLul l f I - j " - I j J . l - ' l C i l iLu » J c U r L l j l 

j L Ü . l i « j j u j ö l l » J t L J U p-J^jJI ,_>» C a j ^ j »Jjj-« _i_>~ttJI 

1114. .". . | ....| j ^_ji... —. i1 f LWâkI "i-* 11 " • a''"'j oL j l » »!I 'Ir. 

< ^ ü j j j ü ü ij^ji-ö _i L I jo^. j l u j L j 

^ 1 T^M j i j—>-»! j_>-t—j_illj x ^ a i j l l ;_-»L\jj g J L J j * -» i J*j 

J-itl ( J I ._lj_u<»JI »L-a ö a . j l . j <-J-A£ J, m i n ^S-^'j ^jjvl—J I 

( V J i - J V — J - j j - i . ) C i l i l l L l U I » J l i l j i L + J j ^ - . . , . l 

j - •'! J l < i l L i . l l _ i j_ -oJI » L u i 4, . < f ; f ~ * y i U . J l 

J t y l j S l l £_£ • ; f i y .»LJJ <_ut.ji j — « l i t l i S j l 4 i a . j i * j 

J ^ » j l i l u à U o l j m - ï I M I J o l , j l l j o l l i + J I J * j _ j £ J-it 

. j _ _ j l l l j « _ I . M I I U a i . J oUjJaJLI » 1 * 

J i l l o l j J À J l l J J J Ä J fi I fJLj^" ( J - L L Ü I ( j -» l j j j « J ^ i J t J 

.L j j j j , j j ^ j ^ J l J - . «J^uoJI »Lui <J-t>. j C I L J - » £ J i i a J 

O u l l l « L U U I Ö J A I I J » J I J V I ' - I j ( j ^ . j i ^ l j i Ci l j -uLllL 

^ J I A J I X - J I J S « ü ju-c iHI J_LÜI » L U o l u S j - . k_K=^.VI j J t j 

U L A É I J - -II J l * « j - • • I I i j . - I I »Lk» ' •'< ctili j i j • • 

o u , U i u •• v « i . j i . J L i . ( \ r , v ) ^^Ao/^^Al r u 

. . . . v ^ . _ > i - j L _ i . ( \ \ , o ) ^^AV^^AAf.u(__j i+u, 

i ^ • • -. Jj^aJI »L_. <-_UL»> j l OLUILLÜI — • - j ' tJJöïk 

Lfi» ^jJ^-yll »Ija-Vl iji ' k - y l ^ j LJJI ^^„jjiaJI .>=JI 

, > ^Jl.it.ll »>JI 1^ Ü^L« L A 1 C5,-•," ^Î-J-* ° * ^ ^ 

.tut 

cJi < j j j j l »L-JJ JJ y'A I X L A . J J I j j ^ o i l jJk J i jJ I j ^ J _ ) • * - • 

L u j u i S i JILÛ j u L » 0 0 , 0 _gj'i...Il l | •• • -**• « ' " JiJI j - - * * 

jlj_.VI li» JjLj jJiLu Vj j l - j j -JI ,»_.U(^ (»U LjJLCV 

.yjj ï l l Jü"i,,.l I j i 

»jLjJI ? ? , r, » L i l ,_,!* .JLJI ^ » j > i l »JLJJ IjJi^j 

-.1 -I .--VI j l i j.|-.._llj<.lJ^ll ÎL.V.I ; il.jj < .•.!<,..11 

<1>JI ^ .-.•< » jlL» jLLAN, o JJIJ-^- jJI j l j j j j-i <_iKJI 

J l . j ^ l . ^ o . L ó I l . j L . w V ( - . j ^ X - t o f - L c J ^ 

JJC . «_j.̂ »11 » L . j i j JJJI » L i l _>jJjlJ « • ' . l i 'H j j i . J iLwjJI 

Oy « - j i l i l « j T, i l l x—. j i « j iLi^i j j _ ï ^^lll j •! - - i l __*» 

. c U L ^ V I j j j l j l l 

j>i i-^'i ...1 » jLc i fjj^jt \IÏ'\\ j i i x j i * j ^^AV A L C j i . j 

< j j i«ll I C« j iaJ I J i j , J ^ - " ù j L \ j j l j L ù Xa.lS. • ' j -~ l l » L_« 

i j - a ^ J j -« j - iJI J 5 . J J J J J-iLJI b j j ^ a l l i j ^ » J ' | » - ^ j <fi»« 

j j <ÏU* <_ J j J j - f l l « - . j i a J I è(U j <__,_. .̂11 _J«L11L » L i l 

I ^_ -> ' I ' I >U — i _ r ^ l j V I r i l . t t ' \ • .1 I j » L i l » j l j l 04«» 

< 1 «*> ^ j -L- ÏJ 4 - û l j J—Oj «Xl MI n L l j l J l (• J j - ü l • * ' | JJ 

^ j j j ^ l l <Ki •?! jljJl_«l j J t 11 *i±yj _i_,_öJI «Li_. 4-LC.J^J 

^Jl k i j f j L» l < I^J I j l j ^ j J t __>Jlj ^ 1 ^ > . _ > L i j j J u j 

^ j ^ j^^ö j l » L - * < j j i j j j 4 \ aftt j I M II ( _ ^ À L J r j jAJ j l - i - t l 

^ j L|_.l l-^"ii,il i j L t l j j j l j JJJ-a^J Cl I j j « "i « (_;l ±ij.l-k JJó 

uA E.-»^-^1 :'.' '"' (" J- ï jJj •« ->Hj «-ij-jJI ,_,]*. yjjll 
- \ ^ > 4__JLÏJ|J ^^A^ - WAX ^ ^ j V i ctü».j--

Ctliiinlll ff-»Ljj .1 

W • J l j ^ JjjJI j jp Lij ^ji <j...j', Jl I J J L Ä I I JJ^. »11. 

^ I j V I _>* j l j j .Jj—jt. i . V J l j ^ r a ^ : j ^ j J ^ 

L|j»l__. J j ^ cjj^a f lV, TY ^ I ja . (jjji <*Jj-» «^-IjjJI 

J l L , ! ^ .J i t U j j j , j J I j - . » . ^ i j J I J j L . - a i J l 

J»—jill o ^ V I j ^ J I j l «JL-UI CIIJJ^JI 

; J J - - * • 11 - I « - " •-•! j L u j j l ^i_v*^JI » L J J ^ J » S "J'> J 

LJL ( J ^ J I f j — J » L A J JoJàJI 3 f ^ * 0e- * l * l l , J 

j ci l i_;^aj t j x L â j wi_ r^JI i j ^ - i j * - » - . i j j \ \ V V j»lt j l » j 

•L »j_* i V J * ^J^i_ L* j^» w-»jl . rtl I » L » ClL*C f ' **"• 
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