
PREFACE 

The 'Reuse of Drainage Water Project' is a joint activity of the technical agencies: 
the Drainage Research Institute (DRI), El Kanater, Cairo, Egypt, and 
the DLO-Winand Staring Centre (DLO-WSC), Wageningen, the Netherlands. 
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Ir. J.W. Wesseling (Delft Hydraulics, The Netherlands) 
Prof. Dr. J. Leentvaar (RIZA, The Netherlands) 

The results of studies as carried out in the 'Reuse of Drainage Water Project' have been 
presented in preliminary reports and in a final report. As such, the contents of the preli­
minary reports can vary strongly, from a simple presentation of data to a discussion of 
research results with tentative conclusions. 

All opinions, conclusions and recommendations in the reports are those of the cooperat­
ing agencies, and not of the Ministry of Public Works and Water Resources of Egypt, or 
the Ministry of Foreign Affairs of the Netherlands. 
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ABSTRACT 
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The growing population in Egypt in conjunction with the expanding agriculture and economical develop­
ments require increasing amounts of water. The Nile water supply, Egypt's most significant source for water, 
is not expected to increase in the near future. Reuse of drainage water for irrigation has been adopted for 
many years now as an economical attractive means to raise 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 REUS of DRAINAGE 
WATER PROJECT (RDWP) Phase I was executed from 1983-1988 and RDWP Phase U during 1991-1995. 

Two different water management scenarios for the Middle Nile Delta are evaluated with the aid of the model 
package SIWARE. The first scenario treats a step-wise reduction in total Nile water supply to the area. In the 
second scenario the effects of deviations from the indicative cropping pattern, on which the water supply and 
distribution is based, are examined. As indicative parameters the relative évapotranspiration and soil salinity 
are used, both in an average and spatial distributed way. In addition, the effects of the various measures on 
such water balance terms as the irrigation water uptake by farmers, irrigation losses, official and unofficial 
reuse of drainage water, etc., are analyzed as well. It is concluded that the total water supply as given during 
1987 could be safely reduced with about 10%. A better approach, however, would be to introduce spatial 
variable crop water duties. It is also found that deviations from the indicative cropping pattern are expected 
to have serious effects on either the irrigation losses or the crop yield. 
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1. INTRODUCTION 

The Simulation of Water management in the Arab Republic of Egypt (SIWARE) model 
package was developed within the framework of the Reuse of Drainage Water Project 
during its first phase from 1984 until 1988. The setup of the package is such that it can 
serve as a comprehensive tool for supporting policy makers in decisions regarding the 
planning and management of water resources in the Nile Delta of Egypt. After its imple­
mentation, SIWARE was successfully applied on the Eastern Nile Delta (Abdel Gawad et 
al, 1991). 

During the second phase of the project, from 1991 until 1995, also the Middle and the 
Western Nile Delta have been modelled. Activities culminated in the evaluation of two 
water management scenarios for the Middle Delta and one for the Western Delta. 
However, before applying models for such purposes they should be thoroughly calibrated 
and validated. 

The calibration and validation of input data have been successfully carried out for the 
Middle Delta (Smit et al, 1994). Nevertheless, all results of scenario simulations should 
be interpreted with caution and not be mistaken for the real effects after an actual imple­
mentation. A comparison between alternatives, rather than a judgment based on absolute 
terms, is always warranted since inaccuracies in input data will propagate to all simulated 
cases. 

In the present report two water management scenarios are evaluated for the Middle Nile 
Delta (Fig. 1). Both scenarios treat basically different topics, namely (1) - a reduction in 
the total water supply to the area, and (2) - a policy shift towards a so-called 'free crop­
ping pattern'. 

It is reckoned that an ongoing horizontal expansion of agricultural area will have con­
sequences on the water supply to the old deltaic lands, that is when carried out with the 
same, limited, water budget. Adverse effects, however, could be offset to a certain extent 
with a different water management approach. The first scenario attempts to quantify the 
effects of such measures on the irrigation water management and on agriculture in 
general. 

As to the second scenario, easing current restrictions on crop cultivation will provide 
more freedom to farmers in selecting profitable crops. Large areas of crops diverging 
from the indicative pattern, as set out by the Ministry of Public Works and Water 
Resources (MPWWR) in advance, may mean widely diverging water requirements. This 
may either put the irrigation water supply system under stress conditions, or may cause 
considerable losses to the drainage system. Model simulations, therefore, could render 
useful answers on the boundaries between which the canal systems will function. 

It is believed that the results of both scenarios will assist the MPWWR in their decisions 
(1) - to expand the agricultural area while, at the same time, maintain a well distributed 
allocation of the available irrigation resources, and (2) - to minimize possible negative 
effects of alleviating current restrictions on crop cultivation. 
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Figure 1. All major irrigation canals, drainage canals, and reuse pump stations in the Middle Sile Delta. 



A STEP-WISE REDUCTION IN THE TOTAL WATER SUPPLY TO THE 
MIDDLE DELTA (SCENARIO 1) 

2.1 Introduction 

The total irrigation water supply to the Middle Delta amounted to approximately 11,140 
million m3 in 1987. This quantity was varied by the Ministry of Public Works and Water 
Resources (MPWWR) from 11,570 million m3 in 1985 to 10,460 million m3 in 1990, 
with a minimum of 10,290 million m3 in 1988 under severe drought conditions. 

A number of simulations addressing a reduction in the irrigation water supply to the 
Middle Nile Delta have been carried out with the aid of the SIWARE model package. 
The total irrigation water supply of 1987 (calibration year) has been chosen as a refer­
ence. This amount of about 11,140 million m3 has subsequently been brought down with 
5 cumulative steps of 5% each. In addition, two different water management options have 
been included in the simulations, that is the standard procedure as applied by the Ministry 
of Public Works and Water Resources and one alternative. 

The main idea behind this set of simulations is (a) - to reconnoiter the potential for water 
conservation with which savings the reclamation areas could be supplied, and (b) - to 
study the effects of drought conditions. 

In total 12 alternative short term cases have been simulated, that is the five supply 
reductions plus one reference (0% reduction), in combination with two different water 
management options. This amount has been augmented with four long term simulations, 
two for a 0% reduction in the water supply and two for a 25% reduction in the supply. 

Indicative parameters for an intercomparison between the various cases are the évapo­
transpiration by the crops and the soil salinity under the crops. The latter parameter is 
considered to have major long term effects on the évapotranspiration. Generally, the 
évapotranspiration is seen as a good indicator for the crop yield and could thus predict 
possible crop losses. In addition, attention will be paid on the consequences of the 
reductions on the irrigation uptake from the canals by farmers, the total system losses, 
and the reuse of drainage water. 

Another important comparative parameter to be considered is the spatial distribution of 
both the évapotranspiration and soil salinity. For each case the fraction of the area has 
been determined where a relative évapotranspiration of 80% could not be attained and 
where the soil salinity exceeds the 3.0 mmho/cm. Both values are seen as threshold 
values from where adverse effects on crop production may appear. An indication will be 
given to which extend the total water supply can be safely curtailed, that is without too 
many unfavorable effects on agriculture in general. 



2.2 Basic assumptions 

Prior to the actual simulation of a selected scenario, some important decisions have to be 
taken with respect to the boundary and start conditions. For the present scenario the 
(calibration) data set of 1987 has been used with a variable total water supply to the area. 
Another boundary condition requiring attention is the discharge rate of the various reuse 
pump stations. Each of these items will be discussed in more detail below. 

Water supply 

The reference case is based on an irrigation water supply of 11,140 million m3 annually 
to the Middle Delta as occurred during 1987 following the figures of the MPWWR. 
When compared to other years, this amount is somewhat below average. Most probably, 
the MPWWR provided less water accounting for the relatively low water levels in Lake 
Nasser, Egypt's main water reservoir. Real shortage conditions occurred one year later in 
1988. Five cumulative reductions of 5% each are subsequently applied on the above 
given figure of 11,140 million m3. 

The advantage of using the year 1987 lies in the fact that it has been used as the calib­
ration year. Usually, model results obtained from the calibration show the highest accura­
cy and it could be argued that using similar data as starting point will produce the highest 
accuracy for the scenarios as well. 

Table 1. Maximum fraction of the drain discharge which can be pumped 
into the irrigation system for each reuse pump station per season. 

Pump Station 

East Menofia 
Maballet Rub 
Hanunul 
Upper No. 1 

Maximum 

Winter 

1.0 
1.0 
0.2 
1.0 

fraction of drain discharge 

Spring/Autumn 

0.5 
1.0 
0.3 
1.0 

Summer 

0.5 
1.0 
0.5 
1.0 

Reuse pump station discharges 

All reductions in the water supply will have effects on the drain discharges and may thus 
affect the rates pumped by the reuse pump stations into the irrigation canals. These 
effects are accounted for by (a) - specifying a maximum fraction of the drain discharge 
which may be lifted by a given station and which is based on 1987 data, and (b) -
adjusting the pumped rates when the SrWARE package marks a deviation of more than 
5% from the values as set under (a). It is implicitly assumed that pump station character-



istics, such as lifting head and maximum capacity, are included in the withdrawal frac­
tions which are presented in table 1. The locations of the pump stations are included in 
figure 1. 

Initial conditions 

All simulated cases have been initialized with (equilibrium) start conditions obtained 
from the calibration year 1987. The start conditions encompass such variables as water 
depths in irrigation canals, irrigation water salinities, and soil moisture content and 
salinity. 

Model simulations for the Eastern Nile Delta showed that changes in soil salinity are 
minimal after 50 years, that is within a range of 1%. The soil salinity is the parameter 
with the most prolonged lag-time and substantially influences other parameters, such as 
drainage water salinity and leakage salinity. The drainage water salinity on its turn will 
affect the salinity of the official and unofficial reuse with their feed-back to the irrigation 
system. 

The calibration run for 1987, being identical to the case with a 0% reduction in the 
irrigation water supply and including the standard water management practice of the 
Ministry of Public Works and Water Resources, serves a dual purpose, that is both as a 
start condition and as a reference for other simulations. 

2.3 Methodology 

The various simulations for the present scenario are numbered as shown in table 2. Six 
groups can be distinguished for the short term cases (1 year), namely a 0%, 5%, 10%, 
15%, 20%, and 25% reduction group. For the long term cases (50 years), differentiation 
is made for two groups only, that is one with a 0% reduction and one with a 25% reduc­
tion in the total annual irrigation water supply. 

For each group a subdivision is made into the standard water management procedure as 
applied by the MPWWR and one alternative. This alternative is based on the farmers' 
crop water requirements simulated with the WDUTY module of the SIWARE package. 
Using other requirements, however, also implies a different distribution of the total 
available water over the year than the one used by the MPWWR (temporal distribution). 
Both procedures are further explained in detail below. 

I - Standard water management procedure of the MPWWR 

The MPWWR supplies fixed quantities of irrigation water to the Middle Delta on a 
10-daily basis. These quantities are distributed over the different intakes from the 
Nile according to the cropped areas multiplied with the crop water duties. 



municipal and industrial needs, navigation requirements, etc. After summing up, an 
allowance is made for operational losses (usually some 25%) and finally the 
estimations for the reuse of drainage water and groundwater use are subtracted 
from the total requirements. The crop water duties strictly follow the MPWWR 
tables stating the demands per 10 days per crop. 

Table 2. 

Case 
number 

1 
2 

3 
4 

5 
6 

7 
8 

9 
10 

11 
12 

13 
14 

15 
16 

Definition of the 16 short and Ion 

Supply 
reduction 
(in %) 

0 
0 

5 
5 

10 
10 

15 
15 

20 
20 

25 
25 

0 
0 

25 
25 

Water 
management 
procedure 

I 

n 

I 

n 

I 

n 

I 
n 

i 
n 

i 
n 

i 
n 

i 
n 

\g term cases for the 

Crop water 
duty according 
to 

MPWWR 
WDUTY 

MPWWR 
WDUTY 

MPWWR 
WDUTY 

MPWWR 
WDUTY 

MPWWR 
WDUTY 

MPWWR 
WDUTY 

MPWWR 
WDUTY 

MPWWR 
WDUTY 

1 supply reduction 

Temporal 
distribution 
of allocation 

fixed 
free 

fixed 
free 

fixed 
free 

fixed 
free 

fixed 
free 

fixed 
free 

fixed 
free 

fixed 
free 

scenario. 

Remarks 

reference 
short term 

short term 
short term 

short term 
short term 

short term 
short term 

short term 
short term 

short term 
short term 

long term 
long term 

long term 
long term 

II - Alternative water management procedure using the farmers' water demand 

Instead of using the crop water duty tables of the MPWWR, also the farmers' 
requirements as simulated by the WDUTY module could be taken. The difference 
between both lies in the spatial variability taken into consideration by the SIWARE 
package. Where the MPWWR tables include only fixed values, WDUTY provides a 
range for each crop over the area, depending on such variables as local climate and 
hydrological conditions. 



Apart from the difference in requirements, the whole calculation procedure as described 
under the 'Standard water management procedure' remains the same. As a consequence, 
however, the distribution of the total available water to the main intakes per 10 day 
period, which is handled by the DESIGN module in an optimization procedure, will be 
different. 

Both alternatives, combined with 5 reductions in total supply plus one reference, lead to 
12 short term cases. This number has to be augmented with 4 long term simulations, 

-including a reference (0%) and a 25% reduction in the annual water supply. A complete 
overview of all 16 runs is shown in table 2. 

With respect to the evaluation and comparison of the different cases, the most indicative 
parameters are the évapotranspiration by the crops, and to a lesser extent the soil salinity 
in the root zone of the crops. The first parameter is usually considered to be linearly 
related to the crop yield, whereas the second is regarded as a yardstick for the long term 
change in crop productivity, under similar water management conditions that is. Temporal 
averaged values are used for both parameters, i.e. an annual average value for each 
calculation unit distinguished in the model schematization. 

The spatial distribution of the évapotranspiration and soil salinity are also considered in 
the evaluation and comparison. For each case, the fraction of the area has been deter­
mined where a relative évapotranspiration of 80% as an average, aggregated (all crops) 
value for a calculation unit (CU) could not be attained and where the soil salinity exceeds 
the 3.0 mmho/cm. 

In studies carried out for the Eastern Delta Region, similar restrictions were given for the 
relative évapotranspiration (ET) and the soil salinity as to avoid harmful effects on the 
crop productivity. The same limitations can also be used to classify different alternatives. 
Both values are regarded as threshold values from where adverse effects on crop produc­
tion may appear. It can easily be discerned, for instance, that a highly unequal distri­
bution in the relative ET may yield an acceptable average value, but that nevertheless 
many farmers will face severe problems in those areas where the low values prevail. 

A brief analysis has been included concerning the consequences of the reduction in 
irrigation water supply on (a) - the total annual crop water supply, (b) - the irrigation 
system losses, and (c) - the official reuse of drainage water. 

As to the reference standard, the 0% reduction in supply, together with the MPWWR 
water management procedure, has been used for all simulated cases. 
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Figure 2. Calculated average relative ET against S reductions in total water supply for the 2 water 
management procedures (reference is 100 and long term values indicated separately). 
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Figure 3. Calculated average soil salinity against 5 reductions in total water supply for the 2 water 
management procedures (reference is 100 and long term values indicated separately). 



2.4 Output analysis and comparison 

2.4.1 Average annual évapotranspiration and soil salinity 

Table 3 presents the average évapotranspiration and soil salinity for all cases, including 
the long term simulations. The water management option II (free temporal allocation-
/spatial variable water duty) is almost consistently giving the best results in terms of rela­
tive évapotranspiration, but, although still being there, this advantage slowly recedes with 
larger reductions in water supply. 

Table 3. Calculated average relative évapotranspiration and soil salinity for all cases. First case number 
refers to water management procedure I and the second to procedure II. 

Case 
number 

1/2 
3/4 
5/6 
7/8 

9/10 
11/12 

13/14' 
15/16' 

Supply 
reduction 

0 
5 
10 
15 
20 
25 

0 
25 

1 long term simulations 

Average i annual relative ET 
(%) 

Water management procedure 

I 

91 
90 
89 
87 
85 
82 

92 
81 

II 

94 
93 
91 
88 
86 
83 

95 
82 

Average annual soil salinity 
(mmho/cm) 

Water management procedure 

I 

1.95 
1.96 
1.99 
2.01 
2.03 
2.05 

1.95 
2.63 

II 

1.95 
1.97 
2.00 
2.03 
2.05 
2.08 

1.98 
2.79 

Considering the soil salinity, the standard water management procedure in use at the 
MPWWR results in the lowest levels. This appears particularly true for the results after a 
period of 50 years has elapsed. Since the salinity build-up in soils is a rather slow 
process, it could be argued that on the short term, and for proper soils, a reduction in 
évapotranspiration is primarily caused by a water deficit. Therefore impacts of a supply 
reduction will be rather insignificant for either water management procedure. High long 
term values should in any case be avoided for such reasons that leaching heavy clay soils 
is a relative slow process involving considerable amounts of water. 

The average annual relative évapotranspiration and soil salinity are also presented in 
figures 2 and 3, where the reference values (0% reduction & water management option I) 
have been set at 100. The drawn lines represent the results for the short term cases in the 
range starting from 0% reduction until 25%. The two asterisks in each graph (0% and 
25% reduction only) delineate the calculated values for the long term simulations (50 
years). 



2.4.2 Spatial distribution évapotranspiration and soil salinity 

For all cases, the relative évapotranspiration and soil salinity within a calculation unit 
(CU) are appraised on a lower limit of 80% and an upper limit of 3.0 mmho/cm respec­
tively. Areas of CU's not complying with these specifications are summed up and are 
subsequently indicated in terms of relative areas, that is relative to the total regional area. 

The relative areas with (a) - insufficient évapotranspiration and (b) - too high soil 
salinities for the group containing the standard water management procedure of the 
MPWWR are presented under the columns indicated as roman I in table 4. Similarly, 
results for the alternative water management procedure, using the farmers' water require­
ments, are given under the columns depicted as roman II. 

Table 4. Relative areas with an insufficient relative évapotranspiration and too high soil salinities for all 
supply reduction cases simulated with both the standard MPWWR water management procedure 
(I) and the alternative water management procedure using the farmers' demands (II). 

Case 
number 

1/2 
3/4 
5/6 
7/8 
9/10 
11/12 

13/14' 
15/16' 

Supply 
reduction 

0 
5 
10 
15 
20 
25 

0 
25 

Relative area (in %) with a 
relative ET < 80% 

Water management procedure 

I 

9 
11 
14 
14 
20 
31 

9 
34 

II 

2 
6 
6 

14 
30 
41 

2 
45 

Relative area 
soil salinity > 

(in %) with a 
3 mmho/cm 

Water management procedure 

I 

12 
12 
12 
12 
12 
12 

12 
18 

II 

12 
12 
12 
12 
12 
12 

12 
21 

long term simulations 

Apparently, the areas with a relative évapotranspiration of less than 80% increase 
considerably as a result of reducing the total water supply (Table 4). For the standard 
water management procedure as applied by the MPWWR, a reference value has been 
computed of 9% of the total area with an insufficient relative ET. This percentage 
increases to 31% for a 25% reduction in supply, almost a factor 3.5. Results obtained for 
the alternative water management procedure using the farmers' demand, on the other 
hand, show a much larger increase until 40% (factor 20), albeit starting from a mere 2% 
of the total area with an inadequate relative ET for the case without any reductions in the 
water supply. The situation deteriorates even further in the long term with relative areas 
coming up to 34% and 45% after 50 years for both management procedures respectively. 

10 



A direct comparison between both water management procedures for the complete series 
of reductions reveals a significantly better performance for the alternative procedure up 
till a 15% reduction in the supply. Beyond this point the standard approach overtakes the 
optional procedure (Fig. 4). 

Regarding the spatial distribution of the soil salinity, no differences are observed for the 
short term simulations. The relative area where soil salinities exceed the 3.0 mmho/cm 
remains constant around the 12%, independent of the supply reduction or water manage­
ment option. With respect to the long term simulations, no changes are observed for the 
combination of no reduction in supply and the standard water management procedure, 
which has been in fact one of the premises. Also for the alternative procedure the total 
area with a soil salinity exceeding the 3.0 mmho/cm remains stable at 12%. Long term 
results for the 25% reduction in supply, on the other hand, leads to areas with unaccept­
able salinities of 18% and 21% for both water management procedures respectively and, 
again, for such a large reduction in supply the standard water management procedure 
outperforms the alternative. 

The event where the standard water management procedure performs better than the alter­
native procedure for areas where insufficient ET's prevail, that is above reductions in the 
supply of 15%, has been further investigated. In figure 5 six clusters are presented, 
visualizing for each reduction three series of relative areas where a relative ET of least 
70%, 80%, or 90% has been realized. Moreover, each area has been split up into the two 
water management procedures. 

It appears that when setting a lower limit for the relative ET at 70% or 90%, the 
alternative water management procedure based on the farmers' requirements systematic­
ally performs better than the standard procedure. For limits somewhere between the 75% 
and 85% it has been found that the reverse is true for reductions in the water supply 
starting from 10%. This occurrence could possibly be attributed to a group of calculation 
units with a relative ET close to the selected limit and which are sensitive to the selected 
water management procedure as well. 

2.4.3 Effects of supply reduction on other water balance components 

For the Ministry of Public Works and Water Resources attaining a sufficiently high, and 
evenly distributed, crop évapotranspiration (and thus crop yield) is a matter of consider­
able concern. Realizing such a goal means satisfied farmers and a well maintained water 
distribution throughout the network of irrigation canals. 

For operational purposes, on the other hand, other system parameters are also of interest. 
Although the SIWARE package can provide all water balance components, it has been 
decided to confine them for this study to the (1) - farmers' uptake from irrigation canals, 
(2) - system losses, and (3) - reuse of drainage water. Each item is further elaborated -
upon in the following paragraphs in terms of short term effects. Results obtained from 
long term simulations will hardly deviate from those. 

11 



Rel.ET>805S, proc.l Rel.ET>8056, proc.ll 

100 
Cumulative area \%) 

5 10 15 2D 
Reduction in Nile water supply [%) 

25 

Figure 4. Relative area where a relative ET of at least 80% is realized against S reductions in total wate 
supply for the water management procedures I and II. 
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Figure 5. Relative area where a relative ET of at least 70%, 80%, or 90% respectively is realized again: 
5 reductions in total water supply for the management procedures I and II. 
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2.4.3.1 Farmers' uptake 

Farmers usually lift water from the lowest order irrigation canals (distributaries). All 
hydraulic processes, from the intakes along the river Nile until including the lifting tools 
of the farmers, are simulated by the sub-model WATDIS. The actual amount supplied at 
the delivery side of such a tool (marwaa ditches) depends on both the supply by the 
MPWWR to the distributary and the requirements of the farmers. 

Reductions in the total quantity available for the area and the applied water management 
procedures are likely to have consequences for the farmers' uptake. In figure 6 the far­
mers' uptake is plotted against the reduction in water supply for the 2 water management 
procedures. Values obtained for a 0% reduction under option I, being the standard prac­
tice of the MPWWR, are again set at 100 (reference value). The slope of the lines 
appears slightly non-linear for all options. The ratio between reduction in the uptake and 
the reduction in the total supply roughly ranges between a 2.5 to 5% reduced uptake for 
every 5% supply reduction. Apparently, the alternative water management procedure (II) 
yields significantly better results for the whole series of reductions. 

2.43.2 Irrigation system losses 

Irrigation systems usually tend to become more efficient when operated under shortage 
conditions. Computations with the aforementioned WATDIS sub-model confirm this. 
Figure 7 presents the total system losses versus the 5 reduction steps. The total system 
losses are made up by the (1) - tail escapes of the command canals, (2) - spillways of 
distributary/mesqaa canal system, and (3) - conveyance losses from both command and 
distributary canals. 

The relation appears to be distinctly non-linear with a clear superiority of water manage­
ment option II over the standard procedure. A direct cut in the losses of around 20% can 
be obtained for the 0% reduction after introducing the alternative water management 
option. This advantage, however, increasingly fades away with some 5% difference left 
over for the 25% reduction in total supply. 

2.4.3 J Reuse of drainage water 

The relation between total irrigation water supply and drainage water availability at reuse 
pump station locations is expected to be non-linear as well. Table 5 includes estimations 
for the total reusable amounts for the various cases under 1987 conditions (number of 
stations, lifting capacity, etc.). It should, however, be reiterated that only a mutual 
comparison between cases, rather than a comparison on the basis of absolute values, is 
fully warranted. Therefore, the contents of table 5 should be approached carefully. 
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Figure 6. Calculated irrigation uptake by farmers against 5 reductions in total water supply for the 2 wate 
management procedures (l=based on MPWWR crop duties, Il=based on farmers' duties). 
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Figure 7. Calculated system losses against S reductions in total water supply for the 2 water managemen 
procedures (reference is set at 100). 
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Figure 8 shows the relative relationship between the total irrigation water supply and the 
available amounts of drainage water at reuse pump station locations. The reference, again, 
has been set at 100 for the 0% supply reduction in combination with the standard water 
management procedure (I). Apparently less water is available in the drains resulting in 
lower pumped rates for the alternative water management procedure due to a more effi­
cient use of the irrigation water. The only exception occurs when no reductions are 
applied. In this case some 5% more drainage water is reused. Generally, the difference 
between both procedures stays within some 5% for all reductions in water supply. It is 
worthwhile to observe as well that, roughly speaking, the reuse declines at a double rate 
when compared to the supply reduction. 

Table 5. Calculated annual official reuse of drainage 
water for all reductions in total water sup­
ply and including both water management 
procedures. 

Supply 
reduction 

0 
5 
10 
15 
20 
25 

Total annual official reuse 
(10* m') 

Water management procedure 

I 

580 
514 
459 
395 
348 
304 

II 

607 
495 
429 
374 
328 
287 

Figure 9 presents similar relations as figure 8, but then for the unofficial (or local) reuse 
of drainage water by farmers using their small diesel pumps. These tools are normally, 
that is under non-shortage conditions, in operation alongside the small irrigation canals. 
When farmers are confronted by irrigation water shortages they turn instead to the nearest 
drains in their vicinity. 

Like figure 8, the reference case without reductions in the supply and with the standard 
water management procedure is taken as the starting point. It is remarkable that unlike 
the official reuse the application of the alternative water management procedure results in 
some 10 to 15% more unofficial reuse than for the standard procedure. This despite 
having less water available in the drainage canals. Most probably the spatial distribution 
of the drainage water is such that more water is present in areas where the highest 
shortages occur. Unlike the official reuse, however, the ratio between the reduction in 
unofficial reuse and the supply reduction is much smaller, nowhere exceeding unity. 
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Figure 8. Calculated official reuse of drainage water against 5 reductions in total water supply for th 
water management procedures (l=based on MPWWR duties, Il=based on farmers' duties). 
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Figure 9. Calculated unofficial reuse of drainage water by farmers against S reductions in total wi 
supply for the 2 water management procedures (reference is set at 100). 
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2.5 Conclusions and Recommendations 

Five reductions in the irrigation water supply to the Middle Nile Delta have been 
simulated with the aid of the SIWARE model package. A total quantity of about 11,140 
million m3, as given during 1987, has been taken as reference. For each reduction step, 
starting from 0 until 25%, two different water management procedures have been 
evaluated. In addition, also a number of long term simulations (50 years) have been 
carried out for the 0 and 25% reductions in water supply. 

The results of each reduction in supply for each water management option have been 
examined in terms of: 
(a) - average1 aggregated2 relative évapotranspiration (correlated to crop yield); 
(b) - average aggregated soil salinity; 
(c) - spatial distribution of the aggregated relative évapotranspiration; 
(d) - spatial distribution of the aggregated soil salinity. 

It appears from the simulations that for supply reductions up to some 15% the water 
management option in which spatial variable crop water duties (computed farmers' 
requirements) are used offers the best results. This conclusion is supported by both the 
average and spatially distributed relative évapotranspiration. The relative ET can be 
considered as a yardstick for the actual crop yield. As regards to the soil salinity, no 
significant differences are observed between the various cases for the short term, either 
average wise or spatially wise. 

For reductions in the total supply above the 15% results look less in agreement A 
tendency away from the option in which the spatial variable crop water duties are used 
towards the standard water management procedure with generic duties as applied by the 
Ministry of Public Works and Water Resources (MPWWR) has been observed. Although 
average values for the relative ET still point at a better performance using the calculated 
farmers' requirements, the spatial variable indicator for the same parameter implies an 
advantage towards the MPWWR crop duties. This appears, however, only true for a 
relative ET acceptance limit in calculation units of 80%. Other limits of 70% and 90%, 
however, explicitly indicate a water management procedure based on the spatial variable 
duties as the best choice. 

In addition to the above mentioned conclusions it should be denoted that changes in the 
soil salinity as a result of either reducing the irrigation water supply or introducing new 
water management policies will take effect slowly, that is after several years have 
elapsed. The long term average soil salinity is some 5% lower using the MPWWR crop 
water duties for a 25% reduction in total irrigation water supply. Nevertheless, the 
average relative ET still shows the best performance for the spatial distributed crop 
duties. It should, however, be remarked as well that results obtained from such large 
reductions in supply as 20% and over are far from the calibrated conditions and should 

averaged over the total area 

averaged over all crops 
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thus be interpreted with caution. 

Considering the limited available water resources, the MPWWR is already implementing 
a policy of keeping a tight control on the supply to the old deltaic lands as to save water 
for the reclamation areas. Consequently, the total supply in for instance 1990 was some 
6% lower than for the calibration year 1987. Model simulations predict for a 5% reduc­
tion, while adhering to the present MPWWR water management policies, a loss of about 
1% in average relative évapotranspiration (from 91% to 90%) and a relative increase of 
the area with an insufficient évapotranspiration (i.e. less than 80%) of 2% (from 9% to 
11%). Curtailing the supply within these limits is apparently a rather safe practice in 
which shortages can be (partly) offset by some 14% lower irrigation system losses. 

Better results, however, could be obtained by opting for another water management 
policy. Using spatial distributed values for the crop water duties, while implementing a 
10% reduction in total water supply, would lead to an average aggregated relative évapo­
transpiration of 91%, the same value as for the reference case with a 0% reduction. 
Moreover, the spatial distribution of the relative évapotranspiration ameliorates surprising­
ly from a 9% of the total area with a relative évapotranspiration of less than 80% for the 
reference case to some 6% for the 10% reduction in supply combined with a water 
management procedure based on spatial distributed crop water duties. Prospects for the 
reuse of drainage water are less promising, but the major contribution to the high évapo­
transpiration values appears to come from an almost similar fanners' uptake (99% of the 
reference case) due to some 40% lower irrigation system losses. 

Apparently, the total annual irrigation water supply to the Middle Delta could be reduced 
until a 9,980 million m3 (1987 minus 10%) with exclusively favorable effects on agricul­
ture when spatial variable crop water duties are used. The mentioned quantity of 9,980 
million m3 is even 310 million m3 lower than the actual supply during 1988, a year 
during which severe shortages occurred. However, practical application of such duties 
will be hard to implement, since it will be perceived as inequitable by farmers, especially 
on an average computational scale of some 16,000 feddan used by the SrWARE package. 

Still, the presented scenario offers sufficient insight in the band-width on which improve­
ments in the agricultural system could be obtained. Taking 1987 with the standard 
MPWWR water management policy and without any reductions in the supply as the 
yardstick, the following (maximum) gains could be made by introducing spatial variable 
crop water duties: 

1 - 3% on the average relative ET 
(i.e. from 91% for the standard water management policy to 94% for the option 
with spatial distributed crop duties); 

2 - 7% on the net agricultural area with a performance of more than 80% relative 
ET 
(i.e. from 91% of the total net area with a performance of 80% relative ET or 
higher for the standard water management policy to an area of 98% of the total 
net area for the option with spatial distributed crop duties). 

A less differentiated pattern of crop water duties would, of course, yield intermediate 
results. 

18 



Recommendation 

Since the use of spatial distributed crop water duties look as a promising measure to save 
on irrigation water, it is recommended to further investigate the possibilities of aggregat­
ing crop water duties on irrigation district level, thereby creating a sufficiently large 
scale. 

Application of spatial varied crop water duties should not pose a problem for the relevant 
MPWWR departments responsible for the irrigation water distribution. Computerization 
together with the availability of models, data processing software, and skilled staff offers 
an appropriate platform for implementation. 
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3. EFFECTS OF MAJOR CHANGES IN THE CROPPING PATTERN 
(SCENARIO 2) 

3.1 Introduction 

During the last few years a so-called 'free cropping pattern' has been under discussion as 
a replacement for the existing one, which is largely the outcome of negotiations between 
the Ministry of Agriculture and Land Reclamation (MALR) and the Ministry of Public 
Works and Water Resources (MPWWR). The implications are that current restrictions on 
land-use for specific crops will be alleviated and farmers will have more freedom to grow 
the products they want, provided that they will notify the pertinent authorities well in 
advance as to allow for a sufficient water supply. 

In order to study the effects of possible deviations in the cropping pattern, a number of 
simulations have been carried out with the SIWARE model package. As a reference the 
year 1987 has been selected with a total annual irrigation water supply of about 11,140 
million m3. The temporal distribution of this quantity over the 10-daily periods is 
assumed to follow the actual allocation as occurred during this year. The advantage of 
choosing 1987 lies in the fact that it has been used previously as a calibration year and 
therefore probably yields the most accurate results. 

With respect to the internal irrigation water distribution over the area as controlled by the 
various regulation structures, it has been decided to adhere to the standard policies in use 
by the MPWWR, including the 1987 cropping pattern and the listed official crop water 
duties. 

Two simulation runs have been made with an increase of approximately 10% and 20% in 
the cropped area of two high consumptive summer crops and two winter crops on the 
account of two low consumptive crops in each season. Two similar runs have been per­
formed for a 10% and 20% decrease in the cropped area of two high consumptive crops. 
These modified cropping patterns have only been used for the simulation of the farmers' 
water requirements and the various on-farm processes, and not for the irrigation water 
distribution. 

The same output variables as for the water supply reduction scenario are also considered 
for the evaluation of the present scenario, namely the relative évapotranspiration, soil 
salinity, and various water balance terms of the irrigation and drainage systems. For the 
first two, a spatial analysis has been added as well. 
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3.2 Scenario definition 

The introduction of a 'free cropping pattern' will give farmers more freedom to cultivate 
a wider variety of crops. Since crop water duties may diverge considerably from one crop 
to another, it is mandatory that the authorities responsible for the irrigation water distribu­
tion know in advance what the requirements will be in the various irrigation districts. To 
this effect, an indicative cropping pattern should be settled well in advance of the actual 
crop year starting in October. 

Because farmers will have more freedom, it should be anticipated that substantial deviati­
ons from the indicative cropping pattern may occur largely depending on market prices. 
Thereto four cases and one reference case have been defined in order to estimate the 
effects of these deviations on the various water balance components. 

The calibration year 1987, with a total annual irrigation water supply of about 11,140 
million m\ has again been taken as a reference. The four cases, including the reference 
case, are defined in table 6. 

Table 6. Definition of the reference case and the 4 cases for the cropping pattern scenario. 

Case 
number 

1 

2 

3 

4 

5 

Winter crops 

- winter vegetables 
- long berseem 
- wheat 
- short berseem 

- winter vegetables 
- long berseem 
- wheat 
- short berseem 

- winter vegetables 
- long berseem 
- wheat 
- short berseem 

- winter vegetables 
- long berseem 
- wheat 
- short berseem 

- winter vegetables 
- long berseem 
- wheat 
- short berseem 

Description 

Change area (%) 

none 
(reference) 

+ 10 
+10 
-10 
-10 

+20 
+20 
-20 
-20 

-10 
-10 
+ 10 
+ 10 

-20 
-20 
+20 
+20 

Summer 

- rice 
- summer 
- cotton 
- maize 

- rice 
- summer 
- cotton 
- maize 

- rice 
- summer 
- cotton 
- maize 

- rice 
- summer 
- cotton 
- maize 

- rice 
- summer 
- cotton 
- maize 

crops 

vegetables 

vegetables 

vegetables 

vegetables 

vegetables 

Change area (%) 

none 
(reference) 

+ 10 
+10 
-10 
-10 

+20 
+20 
-20 
-20 

-10 
-10 
+ 10 
+ 10 

-20 
-20 
+20 
+20 
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According to these definitions, cropped areas will vary between boundaries of about 
+20% and -20% around the reference cropped area for major crops with a high water 
consumption (rice, summer and winter vegetables, and long berseem). Since the total 
agricultural area is fixed, the alternate area will be occupied by low consumptive crops 
(wheat, short berseem, cotton, and maize). As regards to the crop calendar, winter vege­
tables could be replaced by short berseem, long berseem by wheat, summer vegetables by 
cotton, and rice could be substituted by maize. The resulting cropping patterns for the 
reference run and the 4 cases are presented in table 7 in terms of percentages of the total 
cultivated area per crop. Areas, however, may slightly deviate from the percentages 
presented in table 6 due to the given cropped areas of 1987. The total agricultural lands 
in the Middle Delta for this year amounted to approximately 1.58 million feddan, 
including fallow areas. 

Table 7. Cropping pattern for the reference run and the 4 cases per crop in % of the total cropped area 
(w=winter, s=summer, p=perennial, i=intermediate). 

Crop 
number 

1 
2 
3 
4 
5 
fr 
7 
8 
9 
10 
11 
12 
13 
-
-

Crop name 

Long berseem (w) 
Wheat (w) 
Winter vegetables (w) 
Rice (s) 
Cotton (s) 
Maize (s) 
Summer vegetables (s) 
Trees (p) 
Sugar beet (w) 
Short berseem (w) 
Winter fallow (w) 
Summer fallow (s) 
Nili vegetables (i) 
SUM WINTER CROPS 
SUM SUMMER CROPS 

Cropping pattern pel 

1 (ref.) 

32 
26 
3 
27 
23 
30 
6 
7 
3 
23 
6 
7 
4 

100 
100 

2 

42 
16 
12 
38 
13 
19 
16 
7 
3 
13 
7 
7 
4 

100 
100 

* case (in 

3 

50 
7 
21 
47 
4 
10 
25 
7 
3 
5 
7 
7 
7 

100 
100 

% of total 

4 

14 
36 
0 
17 
31 
37 
1 
7 
3 
33 
7 
7 
7 

100 
100 

area) 

5 

2 
42 
0 
4 

38 
44 
0 
7 
3 

39 
7 
7 
7 

100 
100 

With respect to the water allocation to the main intakes and the internal distribution over 
the network over the irrigation canals, the standard cropping pattern of 1987 has been 
used. The water requirements are obtained by the multiplication of all cultivated areas per 
crop and the pertaining crop water duties of the MPWWR. Simulated farmers' require­
ments and all on-farm processes, such as évapotranspiration and drainage, are of course 
based on the adapted cropping patterns following tables 6 and 7. 

Assumptions made for the reduction in water supply scenario, such as the (a) - water 
supply and distribution, (b) - reuse pump station discharges, and (c) - initial conditions 
equally apply for the current scenario. 
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Only short simulations (1 year) have been carried out. Deviations from the indicative 
cropping pattern are expected to be highly dynamic, that is varying from one year to 
another, which makes long term simulations (50 years) superfluous. 

3.3 Scenario results 

All cropping pattern cases are appraised on basis of the following four water balance 
components: 
- uptake by farmers from irrigation canals; 
- irrigation system losses; 
- reuse of drainage water; 
- drainage to the Nile branches and the sea. 

It is anticipated that the irrigation water uptake will decrease substantially when crops 
with a high consumption are replaced by low consumptive crops. As a consequence, 
losses from the irrigation system (and hence drain discharges) may rise to exceptional 
values when the total amount of water released to the area remains the same. The reverse 
may be said for expanding the areas planted with high consumptive crops. Some system 
performance parameters are included in paragraph 3.3.1 as well. 

Also the relative évapotranspiration (relative ET) realized by the various crops is a 
parameter of considerable interest. Usually seen as a good indicator of the crop yield, it 
could be used as an efficiency parameter as well. Paragraph 3.3.2, therefore, addresses 
the relative ET per crop and as an aggregated value (all crops combined). A relation 
between the évapotranspiration and crop yield, based on findings from previous reports 
published by the project, is also included. 

Medium to long term effects on the évapotranspiration may emanate from either leaching 
the cultivated soils or from a salinity build-up. For soil salinities below 2.0 mmho/cm, 
the évapotranspiration of most crops will not be inhibited. Apart from some coastal areas, 
where highly saline upward percolation prevails, excessive soil salinities are not expected 
to occur in the area during the reference year 1987. Therefore some changes are antici­
pated, but these will have very minor effects on the relative ET for the simulation period 
of one year. A discussion has been included in paragraph 3.3.3. 

Finally, paragraph 3.3.4 deals with the spatial distribution of the relative ET and soil 
salinity. For each case the fraction of the area has been determined where a relative ET 
of 80% could not be attained and where the soil salinity exceeds the 3.0 mmho/cm. Both 
values are seen as thresholds from where adverse effects on crop production may appear. 
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3.3.1 Water balance components 

Four different water balance components related to the irrigation and drainage system 
have been examined for the 4 cropping pattern cases. These balance components are: 

1 - uptake by farmers from irrigation canals; 
2 - irrigation system losses; 
3 - reuse of drainage water; 
4 - drainage to the Nile and the sea. 

Results of the simulations are shown in table 8, while a graphical presentation is included 
in figure 10. The changes in the rice crop area are used as identifier for the different 
cases. Each of the items will be further discussed in detail below. All values presented, 
however, should be approached carefully since regional modeling entails considerable 
uncertainties. A mutual comparison, rather than a comparison on the basis of absolute 
values, is however always warranted since inaccuracies in input data will propagate to all 
simulated cases. 

Table 8. Total Nile supply, simulated irrigation uptake, reuse of drainage water, irrigation losses and 
total drainage in million m' for the reference and 4 cropping pattern cases. 

Water balance components (In MmJ/yr) 
Case 
number 

3 

2 

Case 
ID 

Rice +20% 

Rice +10% 

1987 (ref.) 

Rice -10% 

Rice -20% 

Nile Irrigation Irrigation Official Unofficial Drainage 
supply uptake losses reuse reuse 

11.140 

11,140 

11,140 

11,140 

11,140 

9,244 
(+5%) 

9,150 
(+4%) 

8,803 
(•) 

8,202 
(-7%) 

7,498 
(-15») 

2,290 
(-16%) 

2.370 
(-13%) 

2,713 
(-) 

3,358 
(+24%) 

4.095 
(+51%) 

562 
(+3%) 

550 
(+1%) 

545 
(-) 

590 
(+8%) 

624 
(+14%) 

1,229 
(+16%) 

1,160 
(+10%) 

1,058 
(•) 

935 
(-12%) 

863 
(-18%) 

4,744 
(+0%) 

4,646 
(-2%) 

4,721 
(-) 

5,007 
(+6%) 

5.363 
(+14%) 

Farmers' uptake 

Farmers usually lift their crop water requirements from the lowest order irrigation canals 
(distributaries and mesqaas). All hydraulic processes, from the intakes along the river 
Nile until the lifting tools of the fanners, are simulated by the sub-model WATDIS. The 
actual amount supplied at the delivery side of such a tool (marwaa ditches) depends on 
both the supply by the MPWWR to the distributary and the requirements of the farmer. 
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Figure 10. Annual quantities for the Nile water supply and 5 calculated water balance components 
for the 4 cropping pattern cases and the reference simulation. 
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The simulated total farmers' requirements (WDUTY sub-model) varies between 13,878 
million mVyr for the case in which 20% of the area originally occupied by low con­
sumptive crops is substituted by high consumptive crops (Rice +20%) and 9,482 million 
nr/yr for the opposite case (Rice -20%). For the reference case some 11,177 million 
mVyr has been calculated. In the first case, total demand exceeds the total supply, 
including the reuse of drainage water. 

Table 8 shows a relative modest increase of about 5% (from the reference) in the 
farmers' uptake for the case 'Rice +20%'. The reverse situation results in a sharp fall of 
about 15% (Rice -20%). Apparently, the irrigation system is operated at its maximum 
capacity in the first case. This conclusion is supported by the stabilization of both the 
'irrigation uptake' and 'system losses' shown in figure 10 for the cases 'Rice +10%' and 
'Rice +20%'. In the latter case, a considerable amount of irrigation water (some 1,300 
million m3) now lost to the drainage system could be saved if such a cropping pattern 
would prove reasonably static over the years. 

Irrigation system losses 

The total irrigation system losses are defined as the sum of (1) - tail escapes of the 
command canals, (2) - spillways of the distributary-mesqaa canal system, and (3) -
conveyance losses from both command and distributary canals. 

Table 8 and figure 10 show a remarkable increase from 2,713 million m3 (reference) to 
4,095 million m3 (+51%) for the case 'Rice -20%'. For the reference year 1987, the total 
system losses make up some 24% of the total irrigation water supply to the area, which is 
not considered excessive. For the 'Rice -20%' case this percentage sharply increases to 
37% of the total irrigation supply. 

An increasing replacement of high consumptive crops by low consumptive ones, points at 
a stabilization of the irrigation system losses (Fig. 10). As already indicated, the irrigation 
system tends to reach its maximum capacity under such conditions. 

Reuse of drainage water 

The feedback of drainage water into the irrigation water supply can be subdivided into 
(a) - the official reuse of drainage water by pump stations under the control of the 
MPWWR, and (b) - the unofficial reuse of drainage water by farmers when faced with 
irrigation water shortages. 

In the latter case farmers dislodge their movable diesel pumps (maximum capacity 
approximately 50 1/s), normally in operation alongside the small irrigation canals, to the 
nearest drainage canal in the vicinity of their fields. 

It should also be noted that the official reuse here only relates to drainage water re­
directed into the irrigation canal system, and not to the drainage water released to the 
Nile branches. 
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Table 8 and figure 10 present the simulation results for the official and unofficial reuse 
of drainage water. Concerning the official reuse, a steady increase is computed starting 
from the reference run to the cases 'Rice -10%' and 'Rice -20%', namely 8% and 14% 
respectively. This water may not directly be needed for irrigation, but is the result of 
significantly higher drain discharges caused by increasing spillway losses from the 
irrigation system. Logically, the cases 'Rice +10%' and 'Rice +20%' should result in 
lower drain discharges (through lower losses) and thus to lower amounts of reuse. This 
appears not to be true for either case with a 1% and 3% higher reuse discharge respec­
tively. The reason may be attributed to the higher simulated crop drainage for these 
cases. The rice crop commonly generates large quantities of drainage water when farmers 
refresh the standing water layer (oxygen depletion), more than offsetting the reduction in 
the irrigation losses. 

The unofficial reuse of drainage water component behaves as expected. For the 'Rice 
+20%' case large crop water shortages may occur when keeping the total supply constant. 
The SIWARE model calculates some 14,000 million m3 crop water requirements, whereas 
the total supply does not exceed the 12,200 million m3 (incl. reuse and groundwater). 
Under such conditions farmers will try to compensate their shortages by reusing drainage 
water, which in this case appears to be around 16% higher than under the reference con­
ditions. Clearly, the other extreme (case 'Rice -20%') leads to much lower quantities, that 
is only 82% of the amount calculated for the reference run. 

Total drainage 

The total drainage refers to the total amount of drainage water released from the area to 
the Nile branches (Damietta and Rosetta) and Lake Burullus or directly to the Mediter­
ranean Sea. 

The simulation results closely follow the trend in the official reuse of drainage water. The 
logic behind this is that the official reuse is considered as a fraction of the drain dischar­
ges, and does not include a demand variable as for instance the unofficial reuse. Due 
attention, however, should be paid to the high drainage quantities of the cases 'Rice -
10%' and 'Rice -20%* (+6% and +14%) caused by excessive irrigation losses. 

Table 9. Calculated irrigation system efficiencies for all 
cropping pattern cases and the reference run. 

Case Case Irrigation system 
number ID efficiency [-] 

3 
2 
1 
4 
5 

Rice +20% 
Rice +10% 
1987 (ref.) 
Rice-10% 
Rice -20% 

0.80 
0.79 
0.76 
0.71 
0.65 
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