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ABSTRACT

A mathematical model has been built to guide decisions required
for agricultural expansion planning. Of particuiar interest is the
case when some, or all, of the irrigation sources available have saline
water. These decisions generally are quantities and locations of all
resource inputs, mixing ratio between different waters, if mixing is
possible, irrigation network design, required enlargement in the existing
irrigation system, and crop pattern distribution in the new lands. These
decisions are based on the maximum net benefit criterion and are carried

out in a mathematical optimization framework.

A comprehensive study of the use of this model in a large scale
planning problem has been done. This case is based upon the proposéd
vagricultural expansion in the'Nile Delta and the Sinai in Egypt. The'-
available irrigation source#'in'these regions are fresh and saline
waters from the River Nile, and from the draineg of the existing
cultivated lands, respectively. Different alternative schemes for
irrigating the new lands have been obtained. An economic approach for
enabling the decision makers to analyze the different alternatives has

been presented. In addition, the equity concerns in scheduling and cost

allocation have been discussed.
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Chapter 1

INTRODUCTION

1.1 Overview

When using low quality water in agricultu;él practices, various soil
and cropping problems are to be expected. The most common problems are
salinity, soil permeability and toxicity. The irrigation water salinity
causes a physiological draught condition which results in damage to plant
growth and yield. The permeability problem is normally associated with
irrigation water hav?ng a high sodium content relative to the calcium
and magnesium concenfration. The resulting poor permeability makes it
difficult to supply crops with water necessary for growth. The toxicity
problem is d;e to certain soluable (ions) at relatively low concentration
which have a direct toxic effect on the growth of certain sensitive crops
like trees and wood$.ornamentals.

However, the result§"sf numerous studies (U.S. Salinity Lab., (1954),
Haywafd, (1956), Ayers, (1956); and Mass and Hoffman, (1977)) have shown
that the main damage to plant growth is usually due‘to salinity of
irrigation water. An increase in the irrigation water salinity causes a
decrease in growth and yield of the plants. Also irrigation water has to
inc:ease with a leaching fraction which is necessary for keeping a long
term salt balance in the root zone. Therefore in general, saline irrigation
water causes an increase in the irrigation water requirement, and a-
decrease in the crops field.

Goldberg et al., (1971) provided a too} for reducing the irrigation
water salinity effects upon crops yield by irrigating more frequently

using trickle irrigation methods. Mass and Hoffman, (1977) and Ayers
- 1



(1977) used the criteria that crops vary greatly in their salt tolerance °
in décreasing salinity problems. They evaluated the relative salt
tolerance of most agricultural crops and they constructed crop tolerance
tables which iﬁ@icate for each crop the maximum allowable salinity with-
out yield reduction ;nd the percent yield decrease per unit salinity
increase beyond the threshold. These tables provide a wide range for
crop selection according to their tolerance compatibility with salinity
of available irrigation~water to obtain maximum poséible yield. However,
until now, no research had been done to use the trade-off between the
crop salt tolerance,‘water requirement, and economic value as a criteria
for crop selection in thelcontext of planning agricultural expansion to
new lands.

In this research our main concern is how to develop a planning scheme
for an agricultural.expansion preoject when some or all irrigation water
resources are saline watem, : Ramos, (1979) solved a similar agricultJ;al
expansion problem as a trankshipment problem. He use the minimizatjon cost
criteria in determining the planning decision variaﬁles which are the
capacities of irrigation canals. He did not consider the salinity of
available irrigation water resources although the saline water (drainage
water) was relatively a high portion of water available in the case study.
However, in order to develop this planning scheme a large scale agricultura}
expansion planning model has been built in which we explicitly consider
the salinity effects of irrigation water upon the agricultural crops.

The salinity effect upon crops yield has been computed using the equation
developed by Mass and Hoffman (1977) in which they assumed that the crops

2



yield decreases linearly as salt concentration increases above the
threshold level. This equation and another which computes the leaching
fraction as a function of the salt concentration in irrigation water
and soil water.as proposed by Rhodes, (1974) has been included in the,
model's constraint set. |

The crop selection as one of the planning decisions of this model
is based on a trade-off between the crops salt tolerance, irrigation
water transmission cost, and their economic values. 1In addition to
the crop pattern distribution this model determines required enlargement
to the existing irriéation network in the old cultivated lands for
supplying the new lands. Other related planning decisions like
quantities aﬁd locations of all resources inputs, mixing ratios between
different water, and irrigation network design in the new lands are
also provided by thgf model. More important, by using this model we - can
provide the decision makegs with cost and benefits allocations and .
income distribution through’the new land which are extremely useful in
preparing a planning schedule for this type of projéct if there is
a budget limitation on the investment and in investigating the needs
for differential land pricing or other equity measures.

In order to determine the above planning decisions, a maximum net-
benefit criteria is used. The net-benefits resulting from an agricultural
expansion are usually the agricultural production revenue less irrigation .
water transmission cost, new land development cost and some other costs on
the farm level like costs of seeds, fertilizer, labor, and machinary.

Irrigation transmission cost includes excavation, lining, irrigation

3



structures and maintenance costs of the new canals, enlarging cost of :
existing canals and water lifting cost. The land development cost
usually includes the cost of drainage works, farm machinary, housing,
electricity, transportation, communication, land leveling and social
services. 1In o&der to derive water transmissian cost functions, it is
assumed that the proposed design of the new canals is the most economical
one. This design can be done by minimizing the cross-sectional area of

a canal given the amount of flow, or by maximizing the uniform flow
velocity given the canal's cross-sectional area. Based on this design
method the excavation and lining costs of new irrigation canals have

been derived in terms of the canal's capacities. Irrigation structure
costs and maiﬁtenance costs have been expressed as ratios of a canals'
excavation cost. The enlarging cost of the existing canals to provide
the new lands with ;frigation water has been derived in terms of existing

and new capacities. Basqdmpp a regression analysis, the pumping capiEal
cost as a function of pumpimg capacity and lifting head was given by

Fu -Lsiung, (1970). Because of economy of scale of most of the above
cost functions the model's objective function is non-linear and has the
wrong shape, i.e., wé are maximizing over a convex function. Fortunately,
the decision variables appear separately in both the objective function
;nd the linear constraint set. Therefore separable programming has been
proposed for solving this planning model using the 8-method as given in
Bradley et al., (1977). -

The planning model is then applied to an Egyptian case study, namely

the agricultural expansion in the Nile Delta and Sinai. This agricultural



expansion is in the order of 1,500,000 feddans. The available irrigation:
water sources are generally fresh water from the River Nile and drainage
water from existing cultivated lands. Two agricultural seasons - the winter
and summer seasons - have been considered in the model. Seven crops for
each season are used as an input to the model go determine the optimum

crop selection for each part of the new lands. This selection is according
to the trade-off explained before, and other physical and national
agricultural requirement constraints. The physical constraints considered
in this model are water budget constraints, sequential planting constraints,
and soil type - crop‘pattern constraints. The water budget constraint

is to keep the out-flow from each source less than or equal to the

inflow to thfs water source. The sequential plantinglconstraint is used
when some crops are needed to be planted before some other crops for
different purposes.§gAs an example, in Egypt, clover has to be planted
before cotton for enhanciqg pf soil nitrogen. Soil-type crop patterﬂ
constraints have been used because some soils are not appropriate for
planting certain crops. The agricultural requirement constraint is to
insure that some crops have to be cultivated with certain amounts sufficient
to the population requirements or for exportation purposes. The constraint
could be relaxed if there is enough information about the shadow pfices

of the imported and exportgd crops. However, in our solutions we relaxed
this constraint to show how crop pattern distribution is sensitive to

this constraint.

The possibility of mixing different water of different salinities

to obtain a moderate saline water has been accounted for in this case study.



In different sites, the possibility of using the saline (drainage) water .
directly or after mixing it with fresh water was one of the model's’
decision variables. An interesting relationship between the benefit cost
ratio of the agricultural expansion which is greater than unity and water
mixing ratio haé been obtained as a convex funégion. As was expected

we found that by increasing the water salinity (increasing the ratio of
drainage water to fresh water) the benefit cost ratio decreased.

The crop pattern distribution through the new land have been obtained
and for each part of the new areas the agricultural revenue haé been
computed. It is found that in the winter large areas have been cultivated
with beans which have a high price and moderate water consumption. During
the summer the crops of high water requirements like rice are chosen to
be cultivated close to water resources to minimize the transmission costs.

The crops which have a high salt tolerance like cotton have been selected
N

in the areas which have §%}ipe irrigation water. More complicated crop
selection has been d;ne when maize has been chosen‘in areas where the
irrigation water is saline. Maize was preferred to the cotton because of
its higher price, although the latter has a higher salinity tolerance
and a lower water reéuirement. As will be shown in the case study,
cotton will be preferred to the maize whenever there is a shortage in
irrigation water.

When computing the agricultural revenue for the new areas we found
it is mainly dependent eon three main factors. First, the irrigation

water salinity which .is inversely proportional to the agricultural

revenue. Second, irrigation water availability; agricultural revenue

6



increases with the increase of irrigation water availability. Finally,
the distance between the areas and irrigation water sources. The crops
of high water requirement generally have a high market price and usually
are preferred in areas close to water sources for minimizing the
transmission coéts. Therefore when the distanée increases the agricul-

tural revenue decreases. Having this information about the income

distribution throughout the new lands, a pricing policy for the areas

could be done.

1.2 Scope of the Report

After this brief iﬁtroduction, Chapter 2 presents a detailed survey
of the irrigation water quality related problem. Different solutions
and management alternatives are presented.

Chapter 3 introduces the mathematical derivation of the cost functions
used. The mathematital formulation of the planning model is made wifp
a nonlinear objective fuﬁgﬁibn and some nonlinear constraints. The '
nonlinearity problem is dis;uséed and a separable programming algorithm
is suggested for solving this model.

Chapter 4 presents a comprehensive study of the use of the planning
model in a large scale case study in Egypt. Different irrigation
schemes are obtained. The equity concerns in scheduling and cost
allocation are discussed.

Finally, Chapter 5 presents conclusions that can be made from the

research. The chapter ends with recommendations for future research.



Chapter 2

IRRIGATION WATER QUALITY

2.1 Introduction

The term'"quality" is most often used és a measure of the sui§j
ability of an item for use. Evaluating the‘quélity is in the general
case difficult, so that the intended use must firsﬁ be specified. Once
this has been done, the quality can be evaluated in terms related to its
specific use. For irrigation, the suitability of water is related to

a variety of considerations. One such consideration is its effect on
soil and crops; anotﬁer~is the amount of management that may be
necessary to control or ofherwise compensate for water quality felated
problems. Th; quality of irrigation water depends on three main

factors (30), which are:

(1) The sodium concentration and the ratio between it and the
collective congentration of calcium and magnesium. This-
ratio affects the soil's physical conditionm.

(ii) The concentration of boron and other toxic ioms. These
ions are essential for plant growth as microelements.
However, when their concentration in the irrigation Qater
exceeds a certain value, they become toxic to the plants.
(1ii) The total salt concentration, its effect is the most import-
ant of the water quality considerations. This factor
relates to the availability of water for plant consumption.

A high content of dissolved salt in the water tends to

increase the osmotic pressure of the soil solutiom, thereby



rendering less water available for plant growth. We see,
then, that the main damage to growth is due to an excessive

amount of total soluble salts in the water.

2.2 Irrigation Water Quality Related Problems’

If water of poor quality is used, various soil and cropping
problems can be expected to arise. The most common problems (30) are

salinity, soil permeability, toxcity, and others which we shall refer

to as miscellany. ~

The Salinity Problem ™

The results of numerous studies [4] show that plants have been
observed to wilt in fields although their supply of water was adequate.
This is usually due to a physiological drought condition resulting
from high soil sélinity. Salinity is usually measured and reported as
electrical conductan:e (giw? or total dissolved solids (TDS). ‘-

It has been f;und(3€5 that the effect of matric tension on
plant growth can be added to the effect of osmoti;-tension, producing
what is called '"total soil moisture stress.'" The plant responds to this
stress without, of c&urse, differentiating whether it seems from a

high salt concentration or from drought, or both. The ability of a
plant to extract water from soil is determined by the following rela-
tionship (25):

TSS

MS + SS, - (2.1)

where,

TSS The total soil suction, which're?resents the force with
which water from the soil is withheld from plant uptake,

* Qq

P



MS = The matric suction, or the physical attraction of the soil

for water, and

SS = The solute suction, or the osmotic pressure of the soil

water.

As the water content éf the soil decreases due to evapotranspifa—,
tion, the water film surrounding the soil particles becomes thinner and
the remaining water is held with increasingly greater force (MS).

Since only pure water i§ lost to the astmosphere during evapotranspira-
tion, the salt concentration of soil solution (and hence also SS)
increases rapidly dufing the drying process. Since the matric suction
of soil increases exponmentially upon drying, the combined effect of
these two facfors can produce critical conditions with regard to séil
water availability for plant growth.

N

The Soil Permeability Problem -
RS

-

A permeability problgm occurs if the irrigation water does not
enter the soil rapidly enough during an irrigation to replenish the
soil with water needgd by the crop before the next irrigation (30). The
resulting poor permeébility makes it difficult to supply crops with
water necessary for growth. The permeability problem is normally
associated with irrigation water having either a very low salt content
(total dissolved salts less than 0.5 millimhos per centimeter) or a
high sodium content relative to the calcium and magnesium concentration.
Carbonates and bicarbonates can also affect soil permeability under

certain conditions and their concentration must be evaluated. The low

10



salt waters are corrosive and deplete surface soils of readily soluble
minerals and salts. They often have the tendency to rapidly dissolve
all sources of calcium from surface soils. Soils may then break down
and disperse, often resulting in poor water penetration. The ﬁsual‘
preventive proce&ure with low salt water is to h;e gyp3um..

The permeability problems due to excess sodium or limited
calcium are evaluated (27) by a modification of the Sodium Adsorption
Ratio (SAR) concept. This is called the "Adjusted" Sodium Adsorption
Ratio (Adj. SAR). This new concept adds the effect of carbonate and
bicarbonate to the oider,(SAR).

The evaluation of irrigation water quality (4) according to the
Adj. SAR depeﬁds upon the total soluble salts concentration.  If this
concentration is‘low, values of Adj. SAR up to 10 may be accepgable.
With an increase intgotal salinity the acceptable SAR values should be
lower to avoid sodium hazards. -

A 1

The Toxicity Problems

Toxicity problems are due to certain specific solubles (ioms)
at relatively low concentrations which have a direct toxic effect on
the growth of certain sensitive crops like trees and woody ormnamentals
(29). Boron affects a wide range of crops. The correction of a boron
problem (30) specifically and toxicity problems generally is leaching and

irrigation more frequently than normal.

Miscellaneous Problems

Miscellaneous problems relate to excessive crop growth or

11



delayed maturity due to nitrogen, white deposits on fruits or leaves,

and other occasional abnormalities caused by the poor irrigation water
quality. To prevent these problems, a change must be made to night
irrigation and number of irrigations should be decreased if possible (30).

2.3 Solutions to Irrigation Water Quality Related Problems

As it has been shown through the discussion of water quality
related problems, that as the salt concentration increases, the osmotic
tension of the soil sol;tion increases. This, in turn, causes the
plant growth to diminish. Thus the main damage to growth is due to.
the content of total soiuble salts, and the specific ion effect becomes
less important. For this reason, in this section only the salinity
problem and its solution will be considered. 1In fact, for the same
reason, the only water quality problem considered in the developmenp
of the mathematicalﬁaodel is the salinity problem.

; R L KD
A salinity problem due to water quality occurs if salts from
1 .

the applied irrigation water accumulate in the crépAroot zone and

reduce the availability of soil water to the crops. To avoid salt
accumulation to am e%cess level, it must be removed in amounts about
eﬁual to the salts applied (salt balance concept). To diésolve and
remove the salts adequate water must be applied to allow percolation
through the entire roote zﬁne (leaching).‘ This can be done in each
irrigation but needs ta be done only after the salts have accumulated

to near damaging concentrations. So leaching enables us to achieve a
long term salt balance. 1In thié state, the average soil salinity of the

root zone will be closely associated with the quality of the irrigatiom

12



water applied as well as with the fraction of water moving in the

root zone.

The crop primarily responds to the average salinity (30)and any
increase in water salinity will result in an increase in average soil
salinity as shown in Figure 2.1. Such an increase may have little

practical significance, unless the salt content rises sufficiently to

-

affect the crop yield.
The question that now arises is the following. How much water
should be applied for leaching the excess salts out? The answer to

this question through a detailed discussion is given in the following

subsection.

2.3.1 Leaching Requirement

As mentioﬁed earlier a permanent irrigated agriculture requires
that salts brought £§Eo the root zone of crops by irrigation water Bé
removed from this zone byrgﬂélwater that percolates or drains
from the lower boundary of the‘root zone, and, tohachieve such a salt
balance, more irrigation must be applied than is necessary for evapo-

transpiration alone. This addition quantity of water is the leaching

water whose quantity can be calculated simply by using the salt balance

equation:

D, EC_ =D, EC, | (2.2)
where

Dw = depth of irrigation water applied,

de = depth of water dréining from the.root zone,

ECw = galt concentration of the irrigation water, and
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ECdw = salt concentration of the soil water draining from the

lower boundary of the root zone.

To calculate Ecdw we must take into consideration that some of
the irrigation water will move rapidly through the larger pores and
reach the lower‘boundary of the root zomne with‘Little increase in salt
content. On the other hand, water moving through the finer pores may
displace soil water, so that the drainage water from the smaller pores
will have about the same salt concentration as that of the soil water
in the root zome. Thus: the water draining from the lower boundary of
the root zone can be‘;onsidered as a mixture of irrigation water that
has passed unchanged thfough the root zone and soil solution that has
been directiy;displaced by irrigation water. Thé hypothetical fraction
of the drainage water consisting of displaced soil solution is reférred
to as the leachiﬁg efficiency, with symbol El' The fraction of the
drainage water consf%ting of irrigation water that has passed unchahéed
through the root zone islégsg‘(l - Ez), so that the salt concentration
of the water draining from,the.root zone can be célculated as:

EC,, = Ey ECy + (1 - E)IEC_ (2.3)
where A

ECl = salt concentration of the soil water in the root zone.

For field soils, however, cracks, root holes, worm hdoles, and
other large-diameter pores; plus the inherent nonuniform distribution
of water application in farm irrigation systems cause El to be less than
one. Then the leaching fraction (LR), which represents the minimum

amount of water (in terms of a fraction of applied water) that must

pass through the root zone to control salts, can be written in terms of

15



ECe as follows:

EC
W

2 ECe + (1 - EI)ECW

LR = E

It has bgen found [19] that for soils in Iragq, El appeared to vary
from 0.2 for fine-textured soils (where cracks and larger-diameter pores
may abound) to 0.6 for coarse-textured soils. Figure 2.2 shows the
effect of different leaching fraction values on soil water salinity.

Some studies [30] on reducing the leaching fraction based on
field and laboratory experience were made for different irrigation
methods. For-surfacg irrigation (including sprinkler), LR is given by:

EC
W

IR = 3Ec_- i (2.4
. e w

where
ECe = the value of the soil salinity which causes a yield

‘reductidn of 10% or less for a given crop (see Table 2.6

page 26). " ,
!

For a high frequency sprinkler or trickle irrigation (near daily):

EC
w

LR = 2(max ECe) ? (2.5)

where
max ECe = corresponding to 100% yield reduction for given '
crop (see Table 2.6, page 26).
Besides the leaching procedure_there are other management alterna-

tives to help in improving soil water availability to the crop. There

are two management alternatives which can be considered more useful.
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The first is to choose the best method of irrigation that will give
better salt control, and the second is crop selection according to its
tolerance to salinity. Next, we shall consider these management alter-

natives in more detail.

2.3.2 The Method of Irrigation

As mentioned before (subsection 2.2.1), the plant responds to
"total soil moisture st§ess” without differentiating whether it seems
from a high salt concentration or from drought, or both. In this state,
as the matric temsion decreases, the osmotic temnsion can be higher than
normally acceptable without any resultant change in the effect of the
total stress 6n the plant. Thus, using the trickle irrigation method
at very frequent intervals, even daily, we can maintain a low matric

tension in the soil and prevent salt accumulation and an increase in.
N

osmotic temnsion between ;;Eigations. This decrease in matric tension
and prevention of sait concentration may allow the use of water with

a higher sélinity level without affecting the relative yield. However,
some field experiments have been done [10] using highly saline water.
They were applied using both sprinkling and trickle irrigation to
determine the effect of the method of water application on the permis-
sible levels of water salipity for different crops. These field experi-
ments were done in two arid regions with saline water resources. The
first region was the Arava near the Gulf of Aquaba, and the second was
iEl—Arish district in the northern part of the Sinai desert. The three

aspects of these field experiments are:
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(i) The effect of the irrigation method on growth and yield

when using saline water,

(ii) The effect of the irrigation method on growth and yield
when using waters of different qualities, and
(iii) The effect of the irrigation frequemcy on soil matric

suction and yield.
Let us now consider each of these aspects separately.

~

2.3.2.1 The Effect of the Irrigation Method on Growth and Yield
When Using Saline Water

The salt coﬁcentrations of the irrigation waters of Arava and
El-Arish were.3,000 and 3,600 micromhes per centimeter respectively.
The comparati;e effect of sprinkler and trickle irrigétion on vegetative
growth and yield of pepper in the two regions is ptesenﬁed in Table 2.1.

N

Table 2.1

“Effect of Irrigation Method on
Vegetative, Growth and Yield of Pepper

Region Arava El-Arish
Irrigation
ethod Trickle Sprinkling| Trickle Sprinkling
Plant Factors :
Total no. of leaves 65 47 87 75
Plant embranchment 3 2 4.0 3.6
Plant height (inch) 11.8 6.6 14.0 12.8
Total yield (ton/acre) 3.8 1.9 4.8 2.9
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It can be seen that the yield Irom trickling in the Arava was
double that by sprinkling, and at El-Arish it was 70% greater. Similar
or greater yield differences were recorded for tomatoes and cucumbers

as shown in Table 2.2.

Table 2.2

Effect of Irrigation Method on
Tomato and Cucumber Yields

Region Arava El-Arish
g (Yield, tons/acre) (Yield, toms/acre)
Irrigation | : ‘
Method Trickle Sprinkling | Trickle Sprinkling
Crop
Tomatoes 26.0 15.6 31.6 12.1
Cucumbers 15.7 * 3.0 : 1.45

The leaves were burhed and subsequently shed, with the result that the
plants produced ho yleld

i

2.3.2.2 The Effect of Irrigation Method on Growth and Yield Using
Waters of Different Qualities

A field experiment was conducted in the Arava, in which sweet
corn was irrigated with water of three salinity levels having the follow-
-ing approximate electrical conductivities: 100, 3000, and 4500 micromil-
limeters per centimeter. The irrigation were applied by sprinkling
and trickling. The rate of the corn irrigated by trickling with the
highest salinity level almost was the same as in the case of sprinkling
with the non-saline water (100 micromillimeters per centimeter). The

effect of the irrigation method on sweet corn is summarized in Table
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2.3 The effect of good quality water and of the local saline water
on tomatoes was tested with the sprinkling and trickle methods. The
results are presented in Table 2.4. It's clear that in the case of
trickle irrigation, the good and the saline water produced rather
similar results, and with sprinkling, an increéée in salinity level
resulted in a yield decrease. As shown above, the use of water of high.
salinity for sprinkling resulted in a drastic reduction in all the
parameters measured. In the case of trickling irrigation, there was
some reduction in yield and all other parameters of the Sweet corn
when using a water of higher sélinity, but for the development of

tomatoes, the good and the saline water produced similar results.

o
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Iable 2.3

Effect of Irrigation Method on

Development of Sweet Corn

Irrigation Sprinkling Trickle
Method
Water
Salinity EC 100 3000 4500 3000 4500
w
Plant Factors
Yield (ton/acre 6.8 3.28 2.52 6.56 4.88
No. of ears per plant .95 .74 .68 1.22° .97
Weight per ear (gm) 221 137 119 246 173
Table 2.4 -
e
Tomato Yields (ton/acre) Obtained
by Trickle and Sprinkling Irrigation
Region Arava El-Arish
ECw
3000 400 3600 1200
Irrigation
Method
Sprinkling 15.6 20.8 12.1 31.0
Trickle 26.0 26.7 31.6 32.0
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Figure 2.3 Effect of Irrigation Interval on Yield of Tomatoes,
Cucumbers and Melons Under TricklIrrigation
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2.3.2.3 Effect of Irrigation Frequency on Soil Suction and Yield

An experiment was conducted [10] in which different frequencies
of trickle irrigation was tested on three crops in the Arava which were
melons, tomatoes, and cucumbers. The results obtained are presented
in Figure 2.3. 1It's obvious that for all crops, the yield increased
as the interval between irrigations was shortened. By shortening
the irrigation interval, we can maintain a high soil moisture level
between irrigations, which is very important when using a saline water
especially for sandy soils. This was emphasized in tomato experiments
at El-Arish in which.three trickle irrigation treatments were compared.
They were irrigation every two days, daily irrigation, and irrigation
twice daily. The yields obtained were 23.5, 29.1, and 30.5 tons/acre,
respectively.

In coarse-textured soils, daily applications of water by
gravitational irrigation methods are not possible [10], and very
frequent irrigation by sprihkling caused leaf-burn of the tomatoes
and complete destruction of the crop.

Figure 2.4 shows the effect of frequent irrigation on soil

water suction when using sprinkling and trickle irrigation.
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As shown in the figure the frequent irrigation results in a

uniform and low soil moisture suction. Except for one unusual hot and
dry day, the moisture suction with trickling was below 10 centibars.

In the case of sprinkling, the values ranged from 2-3 centibars at the
end of an irrigation to 20 centibars before the next irrigation for the
3-day interval, and to almost 30 centibars for the 4-day interval.

It's obvious that trickle method of water application has provided the
possibility of establishing a moisture regime in which the amplitude
of matric and osmotic potential fluctuations during the irrigation

cycle are limited and controlled. Therefore, the possibility of using
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Figure 2.5 Effect of Soil Salinity on Crops Yield
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water of medium and high salinity (3,000 ppm, or more) for irrigation
has been suggested (mmhos/cm x 640 = approximate total dissolved

solids, TDS, in parts per million, ppm).

2.3.3 The Crop Selection

As shown in Figure 2-5, crops vary greatly in their salt
tolerance, and therefore the suitability of a water for irrigation
will also vary with crops (14). This gives us a wide choice of crops
and expands the usable range of water salinity for irrigatiop. An
evaluation of the relative salt tolerance of agriculture crops has
been done by Mass and Hoffman [14], and the results are presented in
Table 2.5. The crop list provides two essential parameters sufficient
for expressing salt tolerance. They are:

(i) The maximum allowable salinity without yield reduction; andA

(ii) The percent yield decrease per unit salinity increase

beyond. the threeshold. )

All the salinity levels a&e reported as ECe, in millimhos per centimeter
at 25°C. |
This table is based on the assumption that yields decrease linearly as
salt concentration increases above the threshold level. The relative
yield, Y, for any given soil salinity exceeding the threshold, can be
calculated by using the formula:

Y

100 - B (ECe - A), (2.7)

where

the salinity threshold, in millimhos per centimeter, and

>
]
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Table 2.5 Crops Tolerance Table (Mass and Hoffman)

Salinity at Yield decrease per Salt
initial yield unit increase in tolerance
decline salinity beyond rating
(threshold) threshold
Crop A B
1) (2) (3) (4)
Alfalfa 2.0 7.3 MS
Almond . 1.5 19 S
Apﬁle -—- —— S
Apricot 1.6 24 S
Avocado - - s
Barley (forage) 6.0 7.1 ‘ MT
Barley (grain) 8.0 5.0 T
Bean 1.0 19 S
Beet, garden 4.0 9.0 MT.‘
e
Bentgrass -—- -_— MS
Bermudagrass 6.9 6.4 T
Blackberry 1.5 22 S
Boysenberry 1.5 22 S
Broadbean 1.6 9.6 MS
Broccoli 2.8 9.2 MT
Bromegrass -— -— MT
Cabbage 1.8 9.7 Mé
Canarygrass, reed - - MT
Carrot 1.0 '14. S
Clover, alsike, ladino 1.5 12 MS



(1) (2) 3) (4)
Clover, berseem 1.5 12 Mé
Corn (forage) 1.8 7.4 MS
Corn (grain) 1.7 12 Mé
Corn, sweet 1.7 12- MS
Cotton 7.7 5.2 T
Cowpea 1.3 14 MS
Cucumber 2.5 13 MS
Date 4.0 3.6 T
Fescue, tall 3.9 5.3 MT
Flax 1.7 12 MS
Grape | 1.5 9.6 MS
Grapefruit . 1.8 16 S
Hardinggrass < 4.6 7.6 MT
Lemon . —_ —_ S
Lettuce 1.3 13 MS
Lovegrass 2.0 8.4 MS
Meadow Foxtail 1.5 9.6 MS
Millet, Foxtail —_ _ MS
Okra —_ — S
Olive —_ — MT
Onion 1.2 16 S
Orange 1.7 16 S
Orchardgrass 1.5 6.2 MS
Peach 1.7 21 S
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@) (2) (3) (4)
Peanut 3.2 29 MS
Pepper 1.5 14 MS
Plum 1.5 18 s
Potato ) i.? 12 MS
Radish 1.2 13 MS
Raspberry — —_ )
Rhodesgrass — — MS
Rice, paddy 3.0 12 MS
Ryegrass, perennial 5.6 7.6 MT
Safflower — e MT
Sesbania ; 2.3 7.0 MS
Sorghum — —_ MT
Soybean < 5.0 20 MT
Spinach ] ;m_LZ.O 7.6 MS
Stréwberry 1 1.0 33 S

>Sudangrass 2.8 4.3 MT
Sugarbeet 7.0 5.9 T

Sugarcane 1.7 5.9 MS
Sweet potato 1.5 11 MS
Timothy — — MS
Tomato 2.5 9.9 MS
Trefoil, Big 2.3 19 MS
Frefoil, Birdsfoot S.Q 10 MT
Vetch, common 3.0 11 MS



(1) (2) (3) (4)
Wheat 6.0 7.1 MT
Wheatgrass, crested 3.5 4.0 MT
Wheatgrass, faii'way 7.5 6.9 T .
Wheatgrass, sle:;der — — MT
Wheatgrass, tall 7.5 4.2 T
Wildrye, Altai — — T
Wildrye, Beardless X 2.7 6.0 MT
Wildrye, Russian — —_— T
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B = the percent yield decrease per unit salinity increase
(a qualitative salt tolerance rate).

Qualitative salt tolerance ratings are defined by the boundaries shown

in Figure 2.6.

Based on the results of Mass and Hoffman; the crop tolerance
tables of U.S. salinity laboratory (U.S.D.A., 1954), and the resulﬁs of
some other studies, new crop tolerance tables were obtained [29] for
representative field, forage, vegetable, and tree crops. The union of
these tables is presented in Table 2.6.

These tables iﬁclude the expected yield reduction of 0, 10, 25, or
50% due to effects of eithér increasing soil salinity [ECe] or to
comparable inéreases in irrigation water salinity (ECw) assumes that
the salinity of the irrigation water increases threshold in becoming
soil water (ECw x 3 gLECsw), or in terms of soil salinity, the salinity
of irrigation water is congentrated l% times in terms of the soil )
saturation extract (ECw x 1.5 = ECe). This conversion from water
salinity to comparable soil salinity assumes a leaching fraction 15-20%.
We must notice that the relationship of irrigation water salinity‘to
soil salinity varies with management and local condition of use. Then,
if the conditions of use or local experience indicate a different
relationship than 1:1.5 concentration factor for water salinity to soil
salinity, the values for crop tolerance to salinity (Table 2.6) can
be changed and new tablés can be prepared.

However, these tables give us a wide range for selecting the crops

according to its tolerance compatible with the salinity of available
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"TABLE 2.6
CROP TOLERANCE TABLE

Yield Decrement to be expected for Certain Crops due to Salinity
of Irrigation Water when Common Surface Irrigation Methods are Used

FIELD CROPS

CROP 0% 10% 25% 502 MAXTMUM
ecet!  pov? ECe ECw  ECe ECw ECc  Ecw ggé%/

Barley 8.0 5.3 0 6 13 8.7 18 12 28
Cotton 7.7 5.1 9.6 6.4 13 8.4 ° 17 12 27
Sugarbeet 7.0 4.7 87 .5.8 11 7.5 15 10 24

o . Wheat 6.0 4.0 7.4 4.9 9.5 6.4 13 8.7 20

&
safflover 5.3 3.5 6.2 4.1 7.6 5.0 9.9 6.6 14.5
Soybean 5.0 3.3 5.5 3.7 6.2 4.2 7.5 5.0 10
Sorghum 4.0 2.7 5.1 3.4 7.2 4.8 1 7.2 18
Groundnut 3.2 2.1 3.5 2.4 4.1 2.7 4.9 3.3 6.5
Rice (paddy) 3.0 2.0 3.8 2.6 5.1 3.4 7.2 4.8 11.5
Sesbanla 2.3 1.5 3.7 2.5 5.9 3.9 9.4 6.3 16.5
Corn | 1.7 1.1 2.5 1.7 3.8 2.5 5.9 3.9 10
Flax 1.7 1.1 2.5 1.7 3.8 2.5 5.9 3.9 10

Broadbean 1.6 1.1 2.6 1.8 4.2 2.0 6.8 4.5 12
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TABLE 2.6 (continued)

0% 107 __25% 50% MAX TMUM
ECe ECw ECe ECw ECe  ECw ECe ECw ECe
Cowpea 1.3 0.9 ; 2.0 1.3 3.1 2.1 4,9 3.2 8.5
Beans 1.0 0.7 1.5 1.0 2.3 1.5 3.6 2.4 6.5

FRUIT CROPS

Date Palm 4.0 2.7 6.8 4.5, 10.9 7.3 17.9 12 32
Fig . \ ' ' ,

Olive 2.7 1.8 3.8 2.6 5.5 3.7 - 8.4° 5.6 14
Pomegranate ‘ _ = :

Grapefruit 1.8 1.2 2.4 1.6 3.4 2.2 4.9 3.3

Orange 1.7 1.1 2.3 1.6 3.2 2.2 4.8 3.2

Lemon 1.7 1.1 2.3 1.6 3.3 2.2 4.8 3.2 8
Apple 1.7 1.0 2.3 1.6 3.3 2.2 4.8 3.2 8
Pear

Walnut 1.7 1.1 2.3 1.6 3.3 2.2 4.8 3.2 8
Peach 1.7 1.1 2.2 1.4 2.9 1.9 4.1 2.7 6.5
Apricot 1.6 1.1 2.0 1.3 2.6 1.8 3.7 2.5 6
Grape 1.5 1.0 3.5 1.7 4.1

Almond 1.5 1.0 2.0 1.4 2.8 1.9 4.1 2.7 7
Plum 1.5 1.0 2.1 1.4 2.9 1.9 4.3 2.8 7
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TABLE 2.6 (continued)

0% 10% 25% 50% MAX IMUM

ECe ECw ECe ECw ECe ECw ECe ECw ECe
Blackberry 1.5 1.0 2.0 1.3 2.6 1.8 3.8 2.5 6
Boysenberry 1.5 1.0 2.0 1.3 2.6 1.8 3.8 2.5 6
Avocado 1.3 0.9 1.8 1.2 2.5 "1.7 3.7 2.4 6
Raspberry 1.0 0.7 1.4 1.0 2.1 1.4 3.2 2.1 5.5
Strawberry 1.0 0.7 1.3 .0.9»2 1.8 1.2 2.5 1.7 4

VEGATA?LE CROPS

Beets 4.0 2.7 5.17 3.4 6.8 4.5 9.6 6.4 15
Broccoli 2.8 1.9 3.9 2.6 5.5 3.7 8.2 5.5 13.5
Tomato 2.4 1.7 3.5 2.3 5.0 3.4 7.6 5.0 12.5
Cucumber 2.5 1.7 3.3 2.2 4.4 2.9 6.3 4.2 10
Cantaloupe 2.2 1.5 3.6 2.4 5.7 3.8 9.1 .1 16
Cabbage 1.8 1.2 2.8 1.9 4.4 2.9 7.0 12
Potato 1.7 1.1 2.5 1.7 3.8 2.5 5.9 3.9 10 .
Sweet Corn 1.7 1.1 2.5 1.7 3.8 2.5 5.9 3.9 10
Sweet Potato 1.5 1.0 2.4 1.6° 3.8 2.5 6.0 4.0 10.5
Pepper 1.5 1.0 2.2 1.5 3.3 2.2 5.1 3.4 8.5
Lettuce 1.3 0.9 2.1 1.4 3.2 2.1 5.2 3.4 9
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TABLE 2.6 (continued)

0% 10% 25% 50% MAXIMUM
ECe ECw ECe  ECw ECe ECw ECe ECw ECe
Radish 1.2 0.8 2.0 1.3 3.1 2.1 5.0 3.4 9
Onion 1.2 0.8 1.8 1.2 2.8 1.8 4.3 2.9 7.5
Carrot 1.0 0.7 1.7 1.1 2.8 1.9 4.6 3.1 8
Beans 1.0 0.7 1.5 1.0 2.3 1.5 3.6 2.4 6.5

FORAGE CROPS

Tall Wheat Grass 7.5 5.0 9.9 6.6 13.3 9.0 19.4 13 31.5
Wheat Grass (fairway) 7.5 5.0 9.0 6.0 11 7.4 15 9.8 22
Bermuda grass 6.9 4.6 8.5 5.7 10.8 7.2 14.7 9.8 22.5
Barley (hay) 6.0 4.0 7.4 4.0 9.5 6.3 13.0 8.7 20
Perennial Rye Grass 5.6 3.7 6.9 4.6 8.9 5.9 12.2 8.1 19
;;:£2il£e:érd8f00t 5.0 3.3 6.0 4.0 7.5 5.0 10 6.7 15
Harding Grass 4.6 3.1 5.9 3.9 7.9 5.3 11.1 7.4 18,
Tall Fescue 3.9 2.6 .5.8 3.9 8.6 5.7 13.3 8.9 23
Crested Wheat Grass 3.5 2.3 6.0 4.0 9.8 6.5 16 11 28.5
Vetch 3.0 2.0 3.9 2.6 5.3 3.5 7.6 5.0 12

Sudan Grass 2.8 . 1.9 5.1 3.4 8.6 5.7 4.4 9.6 26
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TABLE 2.6 (contiaued)

MAXIMUM

0% 10% 25% 50%

ECe ECw ECe ECw ECe ECw ECe ECw ECe
Wildrye, Beardless 2.7 1.8 4.4 2.9 6.9 4.6 11.0 7.4 19.5
Trefoil, Big 2.3 1.5 2.8 1.9 3.6 2.4 4.9 3.3 7.5
Alfalfa 2.0 1.3 3.4 2.2 5.4 3.6 8.8 5.9 15.5
Lovegrass 2.0 1.3 3.2 2.1 5.0 3.3 8.0 5.3 14 '
Corn (forage) . 1.2 3.2 5.2 3.5 8.6 5.7 15.5
Clover Berseem : 1.0 3.2 2.1 5.9 3.9  10.3 6.8 19
Orchard Grass . 1.0 3.17 i.l 5.5 3.7 9.6 6.4 17.5



water for getting maximum possible yield.

2.4 Summary and Conclusion

In this chaéter, irrigation water quality related problems and
their solutions were discussed. These problems‘generally occur in the
four general categories previously discussed: Salinity, Permeability,
Toxicity, and Miscellaneous. It was clear that the main damage to the
plants resulting from poor irrigation water quality is due to salinity.
A simple procedure is presented for calculating the amount of Qater
necessary for 1eaching‘salt out the root zone of irrigated field to
maintain an acceptable level of agriculture production with the
available sali;e water supply. As discussed before, by selecting
crops compatible with the salinity of available water, and by choosing
the suitable method of irrigation, a water user may obtain better yields

with available water or may find that water considered "Unusable' under

his prior concept of qualitf may really be usable under certain situa-

tions.
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CHAPTER 3

A MATHEMATICAL FORMULATION OF THE PLANNING MODEL

3.1 Introduction

The purpose o? this model is to provide decisions required for plaqniﬁg
of an agricultural expansion project, when the av;ilable irrigation sources
have different salinities. These decisions generally are quantities and loca-"
tions of all resources inputs, mixing ratio between different waters if
mixing is possible, irrigation network design, and crop pattern distribu-
tion in the new land. These decisions are baseqvhere on the maximum net
benefit criteria; The ﬁet‘benefit resulting from an agricultural expan-
sion is the agricultural production revenue less irrigation water trans-
mission cost, n;w land development cost, and some other costs on farm level
iike costs of seeds, fertilizer, labor, and machinery. Mathematical deri-
vations of these benef¥t-cost functions are presented in following sectioms.

In this chapter also, af"mathematical formulation of this planningf
"model is presented with a nonlinear objective function and some nonlinear

constraints. The nonlinearity problem is discussed and an algorithm for

solving this planning problem is introduced.

3.2 Cost Functions

3.2.1 Land Development Cost

This cost includes the costs of the drainage works, farm machinery,
housing, electricity, equipment and machinery for cultivation; transporta-

tion, communication, land leveling, and social services.



3.2.2 Irrigation Water Transmission Cost '

Excavation, Lining, Irrigation Structures and *
Maintenance Costs of the New Canals

These types of costs per unit length of a canal depend on the dimen-
sions of the canal's cross-section, which sequentially depend on-the,methdd
of its design. Iﬂ-this work, it is assumed that'ghe proposed design of‘
the new canal is the most economical one. This method of design can be
done by minimizing the cross-sectional area of a canal, given the amount
of flow, or by maximizing the uniform flow velocity, given the cross-
sectional area of this canal. For more details, let us have a trapezoidal
section as shown in Fié; 3.1 as the general case of the artificial croés—
sections. The uniform flow &elocity through this section is given by

t

Chezy as

S (3.1)

where
2
A= Dby + £y
P=b+2y/1+t:l2

It is obvious from Eq.-(3.l) that the maximum uniform velocity occurs at
the minimum value of the wetted parameter. Replacing b in Eq. (3.3) by

= - tly)from Eq. (3.2), we get
= — -
P = t,y + 2y/1 + tlz

Taking the first derivative of P with respect to the water depth (y)

ap _ _ A _ 2
dy y2 t1+21+tl
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Replacing A by Eq. (3.2), and equating the first derivative to zero '
= 2 - ‘ 1 .
b = 2y(/1 + ty cl) (3.4)

The above equation represents the required condition for getting the maxi-
mum uniform velocity, or on the other hand, it is the condition for getting
the most economical cross-section area. This condition can be written

in another form as

> B =2y/1 + c12 (3.5)

Using Eq. (3.5), the hyaraglic radius can be expressed as

R = A/P = (by ; tlyz)/(b +2y/1+¢t 2y = y(b + B)/2(b +VB) = Y/2 (3.6)

1)

The uniform flow through a canal is
: . t&

[ A
. v 2 —
Q = VA = CA/R s, = Cby + t,y )/Pl S,

Replacing b1 and R by Eq. (3.4), and Eq. (3.5) respectively, we got

Q=xy'?

where
K=¢C So (2/1 + tl - tl)/Oz

Excavation Cost

From Fig. 3.1, the excavation volume is

2
¥=by+t;y +(B+B+2¢t h) h1/2

+ (2B + ¢ £ hl + 4 bo+ 2 hz t23h2/2
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Figure 3.1 A Trapezoidal Cross-Sectional Area

~

clearance between the water surface and the berm level

difference in elevation between the berm and the bank

Definitiomns:

b = bed width

t = side slope

B = top width

N

y = water depth

A= cross—sectionsi”;%éa
P = wetted parameter

R = hydraulic radius

S, = bed slope :

bo = berm width

hl =
h2 =

C = Chezy's coefficient
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Assuming that

h1 = 0.5m
h2 = 1 m, and
= =
i | T
b =1.5m
we get o

Vsty2+by+28+4t+3

| Replacing b, and B by Egs. (3.6) and (3.8), the above equation becomes

-~

vey2(2/1+t2-t) +4y N+ t2+4t+3 o (3.8)

For simplicity, let us assume some approximate values for the bed slope,

side slope, and Chezzy's coefficient as

1.5

(a]
(]

.001, and

> W0
o
[

C = 100
then

V=21y247.2y+9 (3.9)

From Eq. (3.7), the water depth can be expressed in terms of the discharge

as
4
Y= .850Q (3.10)
Substituting Eq. (3.10) into Eq. (3.9), then

v=1.5Q° +6.12 Q% +9 (3.11)

The excavation cost function in terms of the excavated volume in its

general form is
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Cost = A(V)B(L)

where
A = unit cost of excavation per unit length of a canal in (L.E.)
B = economy—of-scale |
L= canals; length in meters

Using Eq. (3-11) the above cost function can be written in terms of the flow

(Q) as

Cost = A(L.5 Q% +6.12 0% + 93w L.E. (3.12)

Lining Cost ' N
The lining area is the surface area of a given canal's cross-section.

From Fig. 3.1 this area can be expressed as follows:

- .2 ' 2 2
A b+2y/1+t1+2h1/l+t1 +2b°+2h2/(l+t2) .

[

!

Substituting hl, h tl’ and t2 by their assumed values, we obtain

21
AL =b+ 3.6y +9.2

Replacing b by Eq. (3.8), the above equation becomes

AE =4.2 y +9.2 (3.13)
or

A = 3.57 Q' +9.2

Then the lining cost can be expressed as a function of the channel
flow as:
Cost = ¢ (3.57 "¢ +9.0°W) L.E. (3.14)
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where '

C = unit cost per unit length of a canal in L.E. :

D = economy-of-scale

Irrigation Structures and Maintenance Costs

It is found (4) that structures in open drains cost about 70%
of the total excavation cost. In the case of the irrigation canals the
irrigation structures cost more, and its cost could be considered as 100%
of the excavation cost as provided by the Public Directory of the Horizontal
Expansion Project in Eaétern Delta (32). Generally this cost can be expressed

in terms of excavation cost as:

L

Irrig. struct. cost = aA(l.5 Q'8 + 6.12 Q'4 + 9)B(L) L.E. (3.15)

where x

a = the ratio of irrigation structure cost to the excavation cgst
L N .

Also, the annual mainténance cost could be assumed as a ratio of
the total cost of excavation and irrigation structures, and could be

written in the following form:

Maintenance costs = B A(1 +a) (1.5 Q'8 + 6.12 Q'A + 9)B(L) (L.E.) (3.16)

Cost of Engineering the Existing Canals: -

Excavation Cost:

As shown from Fig. 3.2 the excavation volume per unit length can be

expressed in terms of Vl, Vz, and VB as

= 2
¥ V1.+ 2 Vz + 2 V3
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Y Y2

Figure 3.2 The Englargement of Canal's Cross-section

47



where

4
]

1 [b2 +b,+ 2t (y, - yi)] (v, - yl)/z = [b2 +t(y, - yl>] (y, = ¥y

4
"

) (b, + ¢ (v, -Ayl) - bl] (y; + hy), and

4
"

3 [b2 +t @y, -y - bl] h,

Substituting with the assumed values of t, hl, and h2, and replacing bl’

and bi by Eq. (3.8), these above volumes can be written as

2

+
[

2 -
1 2.1 Y, - 3.6 ¥1Y, + 1.5 Y1

<
H

2
2= 21 0y, =y ) Oy - yy)

+
"

3 3.1 (y2 - yl)
Then thé total éxcavation volume is

2. 2 _
Ve = 2.1 Yy - 2.7 v, + 6 ¥, * 8.4 (y2 yl) (3.18) .

Then the excavation cost fun%;ion using Eqs. (3.15) and (3.17) can be

written as Y

’ B
Cost = A(1l.5 Q2'8 - 1.95 Ql'8 + .4 Ql‘4 Q2‘4 + 7(Q2'4 - Ql'a)) (L) L.E.

(3.19)

where:

The existing capacity of a canal, and

Y

Q2 = a new capacity of this canal. -

The lining, irrigation structures enlargement, and maintenance .

costs still the same as they are for the new canals.



Pump Cost Function:

The pump cost function as given in (23) 1is consisting of three

parts: capital cost; operation, maintenance, and replacement (OMR) costs

and energy cost.

Capital Cost:

Transforming the given cost function (23) which is based on sum

regression analysis, according to ENR cost index for July 1979, we got

66

Capital Cost = 3735.6 HP® dollars 30. < HP < 400
or in terms of Egyptian Pounds
. : . .66
Capital Cost = 26.5 HP" L.E. (3.20)

The required horse power for lifting the water Ah meters is

~

H.P. = Y, Q- AH/;ST\ (3.21) -

[N R

where Y, = the specific weight'of water (1000 kg/m3); and

n = the pumping efficiency.

Replacing H.P. in Eq. (3.21) by Eq. (3.20), and putting n = .75we get

Capital Cost = 24962 . (q . aH)"%® <L.E. (3.22)

OMR Cost:

This cost could be assumed (23) as 8% of the capital cost so it

can be expressed as

OMR Cost = 1997. (Q. aH)'°® L.E. (3.23)
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Energy Cost:

The pumps are driven by electrical motors which consume electrical

energy. If there are 180 days per season, the seasonal energy cost of

a pump station is

Cost of Energy 180 x 24 x & x CE x Kx H.P (3.24)

where:

£ = a load factor = . 2

CE = per unit cost of the electrical energy = .025 L.E.

K = conversion factor from horse power into kilowatt/hr. I .74
éubstitu;ing these values in Eq. (3.24), then

Cost of Energy =:16.~,H.P. (3.25)
Replacing H.P. by Eq. (3.21), Eq.v(3.25) can be written as

Cost of Energy = 284 (q. AH) L.E. (3.26)

where q is the seasonal flow.
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3.3. The Mathematical Model Formulation

Before going through the model formulation, it is more convenient
to divide the whole area of the new land into sub-areas. Each sub-area
should be confined.-to a single soil type for deterﬁining the appropriate
crop pattern, and to a relatively local and homogeneous region. The
later restriction is to insure that the costs of transporting any
resource input are essentially uniform. An example of dividing the whole
agricultural area into small sub-areas is shown in Figure 3.3, and a

network representation for the irrigation system is shown in Figure 3.4.

3.3.1. Notations and Definitioms:

Let

A(3) size of a sub-area j in feddans

N number of the total sub-areas
I number of the. jrrigation water resources i
K number of the 5gricuLtural'seasons per year
H number of the agricultural crops per season
k th .
Ch h™ crop in season k
A(Cﬁ,i,j) Size of an area in feddans, which is planted with

a crop Ct in a sub-area j and takes its irrigatiom

water requirements from source i.



PUMPING . "S® - . G
WELLS 2 - s
IRRIGATION SITE

S, '

Figure 3.3 Ar Irrigation Site and Its Water Sources
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Figure 3.4 A Network Presentation for the Irrigation System
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q(Ct,l j) =- average water requlrement from source i for a crop

Ct in a sub-area j (m /sec)

Y(Ct,i,j) -- average yield (Kg./fd.) of a crop Ct which is planted
in a sub-area j, and takes its water requirements

from source i

P(Ct) ------ unit price (L.E./Kg.) of a crop C;
S(C:,i,j) -- amounts of seeds and fertilizer which are required for-
and planting a crop Ct in sub-area j, which are functions
F(Cﬁ,i,j) of the irrigation water salinity
L(Ch,J) -—-- amounts of man-hours and machinery-hour (hrs./fed.)
and which are required for developing a crop Cg in
H(Cﬁ,j) -——- sub-area 3,
CS(CE,j) --- per unit costs (L.E./Kg.) of seeds and fertilizer
and ‘ which are required for crop Cﬁ in sub-area 3
Cf(Ck 9
h’J
1(1,j) -———- length of a canal i-j from source i to a sub-area j
g ) .
x(i,j,k) --- average flow (m3/sec.) through a canal i-~j during -
season K 7 '
' - .
C(i,j) ----- capacity of a canal i-j (m3z/sec.)

CE(C(%,j)) - unit cost (L.E./m.) of excavation and lining respectively
and of a canal i-j with capacity C(4i,])
CL(C(1,3))

CIRS(C(i,j)) unit cost (L.E./m/) of required irrigation structures

along a canal i-j with a cavacity C(i,j)

eM(C(i,j,k) unit seasonal maintenance cost (L.E./m.) of a canal
i-j with a capacity C(4i,j)

D =m—mmm—— number of pump stations

CPC(Q ) -——- construction cost (L.E.) of a pump station with a

capacity 0 (m /sec.)



CPM(Qd,k) -- seasonal maintenance cost (L.E.) of a pump station

with a capacity Qd (m3/sec.)

CEP(qd,k) ~- seasonal energy cost (L.E.) which is required to

lift dischargevqd (m3/sec.)during season k

CD(j) ------ unit cost (L.E./fed.) of land development of

sub-area (j)

b(i,k) —-==—- available average water flow (m3/sec.) at source i,

during season k

CL(i,j,k) -- the conveyance losses through a canal i-j during

season k as a function of the canal's flow

. . . k
Q oo the required ratio of the planted area with crop Ch
to the total area of the new land
EL(i,j) --—=- is the lower permissible capacity of a canal i-j
T —————————- annual discount rate
€ —m——————— annual interest rate on the capital costs
T === ~— planning time horizon

The models Hecié{bd‘variables are the seasonal flows x(i,j,k), and

, N

the capacities C(i,j) of the irrigation canals, the areas of different

crops A(Ct,i,j); the seasonal discharges qd(k), and capacities Qd of pump

stations; and the mixing ratio (Ecwi) at the mixing sites.

Model's Assumptions:

In order to derive a mathematical formulation for the planning

model, the following assumptions are made:

(1) The economic planning time horizon is finite and is given.

(2) The discount rate remains constant and is given over the

planning time horizon.
(3) The cost functions remain stationary over time.
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(4) The agriculture will start in the new land after time ty
which is required for finishing the land development;
irrigation and drainage works.

(5) The whole new land is reclaimed in the same time.

(6) Surface irrigation method is used.

3.3.3. Objective Function:

Agricultural Production Revenue:

The total present value of the agricultural revenue is the present
value of the sum of all unit prices times the total yields, which can be
expressed in terms of the model's parameters as

T I+N-1 N K H

5 : 5§ % 1

t T ACK,1,9) P(C, ) Y(c ,1,5) (3.28)
t=t;+1 =1 j=1 k=1 h=l (1+r) h

Total Costs on Farm Level:

- -
These costs are the costs of seeds, fertilizer, labor, and machinary.
' "A L

The present values of these costs can be written mathematlcally as
1

T I+N-1 N K H

L oz T zi%—;r A(Ct,i,j) [CS(C:,j) S(cg,i,j) +
t=t,,, i=l j=1 kel h-l
cf (ch,3> F(Ch,l,J) + ct (Ch,J) L(Ch,J) +C (Ch,J) M(ch,s)] (3.29)

Costs of Excavation, Llnlnglrlrrigatlon Structures, and Maintenance of
the New Canals:

The present value of excavation, lining, and irrigation structures
. ' . t
costs which are subject to a compound interest rate (lt+e) is the present
value of the sum of the unit cost functions times the compound interest

rate times the canal's length. These costs can be expressed as
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£ IW-1 t '

II I (D [CE(C(,3) + CL(C(L,5)) + CIRS(C(L,9)] £, (3.30)
; . T
t=1 1i=1 j=1

2

(1,3)

Replacing CE(C(i,3)), CL(C(i,j)), and CIRS(S(i,j)), by equation 3.12, 3.14,

and 3.15 respectivély, we obtain

t

1 I+N-1 N t

:  r oz (%ifb [(1+a) A(1.5Q:2 + 6.12 Qié + 938 4
t=1 i=1 j=1 | H J

c(3.57 Qi? +9.2%7 1(4,9)- , (3.31)

where Qij is the capacity of a canal i-j. The present value of the annual
maintenance cost in terms of the model's parameters is
;
T g I+N-1 N

L A S
t=ty4 k=1 i=1 j=1

T GM(C(,5) 131, (3.32)

~
or in terms of equation 3.16, we get
" "A- [

T K I+N-1 N !

£ : Iz (11 - 8A() (1.5 Q +6.12 Qi? + 9% 11,1
t=ti4y k=l 1i=1 j=1 J

(3.33)

Enlargement Costs of the Existing Canals:

The present value of the costs of excavation, lining, and irrigation
structures can be written in terms of equations 3.14 and 3.19 as
t
1 I+N-1 N

P z z
t=1 i=1 j=1

14ef .8 . s -
o) ((1+0) A[1.5 Q. (i 571095 Qe syted (i3 QL)

7(Qa(i,j)'Qb(i,J))] + C(3.57 q, ( 59D Y 1¢1,4) (3.34)
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canal's capacity after the enlargement

L
[]

canal's capacity before the enlargement

L0
o’
]

and the present value of the increament in the maintenance cost 1is

T K I+N-1 N 1 : 8 :
z I I r ot BA(L+e) [1.5Q7,. . -1.95 Q.
emt ) kel i1 g=1 (VD) a(i,3) b(4,3) i
B ... .
.+'4 %1, 5) Qa(i’j)+7(Qa(%’j)-Qb(i,j)] 1(i,3) (3.35)

Capital, Operation, and Maintenance Costs of Pump Stations:

. C L . t
The capital cost is subjected to a compound interest rate (l+e) .

The present value of this cost equals in terms of equation 3.22

t
l+e .66
l+r) 24962 (QdAHd) (3.36)

D
I«

The present values of the annmal costs of energy and maintenance can be

written in terms of equations 3.23, and 3.26 as

T K D 1 66
z I z t [1997 (QAH) "~ + 284 qAH] (3.37)
- ~q -(1+r)
t=t, k=1 d=1-

Land Development Cost:

t
This cost also is subjected to a compound interest rate (l+e) . This
cost is equal to the unit'cost (L.E./fedd.) times the total developed area
times the compound interest rate. Then the present value of this cost is

& w t

l+e ' :
z I (= ¢Dp(3) AGD) . (3.38)
e=1 j=1 T



Notice that the unit cost is a function of the soil type.

3

In short, the objective function to this maximization problem is com-

posed of equation 3.28 minus equations 3.29, 3.31, 3.33, 3.34, 3.35, 3.36,
3.37, and 3.38.

3.3.4. Constraints:

Flow Balance Constraint:

This constraint is to keep the conservation-of-flow low at each

area. This constraint can be expressed mathematically as

-

N-1 I+N-1 H I+N-1

d=1 ' i=1l h=1" i=1

(1-CL(4,3,K)) = 00 #, | ' (3.39)
where:
N-1

I X(j,d,k) = the total outflow from a sub-area j during season k
d=1

. X KRN
I+N-1 H 1

L T q(Cg,i,j) A(CE,i,j) = the total water requirement to a sub-area
i=1  h=1 '
j during season k.

CL(i,j,k) = the conveyance lossesthrough a canal i-j during season k
as a function of the canal's flow.

I+N-1

'z X(i,j,k) (1-CL(i,j,k) = the total inflow to a sub-area j during

o season k.
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Area Budget Constraints:

Within each sub-area, the sum of planted areas of the different
crops should be less than or equal to the size of the sub-area itself.

This contraint can be written as

I+N-1 §H K
z L A(Ch,i,j) < A(3) ¥ (3.40)
i=1 h=1

Water Budget Constraint:

This constraint is to keep the outflow from each source less than
or equal to the inflow to ‘this source. This limit may be stated

mathematically as
3

£ X(1i,3,k) _ < b(i,k)
j > '

ik (3.41)

IS .

Sequential Planting Constraint:

Some crops are needed to be planted before some other crops for
different purposes. As an example, in Egypt clover has to be planted
before the cotton for enhancing of soil nitrogen. As an example let crop a

be planted before crop b, then this constraint can be written as

I+N-1 I+N-1

T A(C:,i,j)i z A(ck'l,i,j) ¥ (3.42)
i=1 i=1 2 3
: k#1
where:

I .
I A(C:,i,j) = the planted area of crop b in sub-area j, during season k.
i=1
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I
I A(Cz l,i,j) = the planted area of crop a in sub-area i, during
i=1

season k-1.

Agricultural Requirements Constraint:

Some crops have to be cultivated with certain amounts sufficient
to the population requirements or for exportation purposes. This constraint -

can be written in terms of the model parameters as

I+N-1 N-1 5 N W
z I A(C,i,3) - o L A(§) >0 * (3.43)
. h . h - k,h
i=1 j . 35!
where:

at = the required ratio of the planted area with crop Cﬁ

to the total area of the new land

N

Soil Type - Crop Pattern Constraint:

There are some soils, hot appropriate for planting certain
crops. For example, if crop CE, can not be cultivated in sub-area J,

this contraint can be written as

I+N-1

K :
z A(C,i,J) = O (3.44)
i=1 Ch '

Salt Concentration Constraint:

By mixing different water of different salinities we may have
a moderate saline water. This moderate saline water may give better
results for the agricultural practices than a water with a high salinity

in its status-quo. A constraint on the salt concentration of the
61



resulting mixed water can be formulated as

I+N-1 H

I EC. [X(i,j,k) (1-CL(i,i,k) - I a(c5,1,9) ack,1,1)]
. wi h h
i=1 ‘ h=1
N-l~‘ ’ -
Eij 2§1 X(j,l,k) vj,k (3.45)
(25!

where:
EC,4 = tue salt concentration of the inflow to the mixing site

Eij = the salt concentration of the outflow from the mixing site

to the sub-areas

A Constraint to:the Yields of the Crops:

This constraint is to compute the yields of the different crops

according to the salinity degree of the water supply. From Chapter (2).
< .

. [N

This constraint can be written as -
- LA A ) .

1

v(Cy,1,9) = [100—B(C:)(1.5 ECwi-A(CE)] T (ci:) ~ (3.46)

where:

?(Cs) the standard yield of a crop C:,
B(C:) = the qualitative salt tolerance rate which is a

function of the crop pattern, (Table 2.5), and

A(C:) the salinity threshold, in millimhos per centimeter,

which also is a function of the crop pattern, (Table 2.5).

A Constraint on a Crop's Water Requirement:

From Chapter (2), this constraint when using surface irrigation
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method is given by

EC

wi
LRy = SEC_-EC (3.47)
eA~ w

‘where:
ECe = the so0il salinity which causes a 10% or less yield reduction
for a given crop (Table (2.6)).
and for trickle irrigation is given by

EC .
wi

LR, = J(max Ece)“ . (3.48)

where:

max ECe = the soil salinity which causes 100% yield reduction

for a given crop (Table (2.6)).

k

Therefore a water requirement of a crop Ch can be written as

‘ ”J‘ 1‘

h

k. .\ = ! =~k . '
q(C;»1,3) = (1 + LR (EC_ ,EC)) q(Cy,i,]) Vh,k,i,j (3.49)
where:
- Kk .. ) . k :
q(Ch,l,]) = the water requirement of a crop C_ when using

fresh irrigation water.

Upper Capacity Constraint:

This constraint is to keep the flow through a canal lower than
an upper limit. This upper limit is the upper capacity of a canal which
is one of the decision variables of the model. This capacity is equal

to the maximum seasonal flow. The upper limit constraint can be
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expressed mathematically as

q (k) < qQ ¥ a ' . (3.51)

Lower Capacity Constraint:

The lower capacity can take different values rather than zero
for different purposes like navigation, power generation, etc.

Generally this constraint can be expressed in the following form:
X(1,3,k) 2 & (1,3) Vi,j,k (3.52)
where:
EL(i’j) is the lower permissible capacity of a canal i-j.
. Q\\\ .
Non Negativity of the Decision Variables -

. L N P

The decisions variable‘are required to be non-negative. Since

the flows and capacities of the irrigation canals are taken care of by
equation (3.50), and (3.52), we need only add the following constraints
on the areas of different crops, and the discharges of the pump

statiomns.

A(Cﬁ,i,j) > 0.0 (3.53)

h .
i,J,k,h
Q; > 0.0 ¥ g (3.54)

3.3.5 Summary of the Model Formulation

From the previous deviation of objective‘functions, and the
constraints, the agricultural expansion problem can be formulated as

the following mathematical programming problem.
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Maximize:

T I+N-1 N K H 1 Kk Kk k
T r P T X TE:;YC A(Ch,i,j) P(Ch) Y(Ch,i,j) +
t=tl+l i=l j=1 k=1 h=1
T T+N-1 N K H

k
: D111 st Ak kDICTEnLD) Siep, 1)
t=tl+l i=1 j=1 k=1 h=1 .

F, k. k L,k . k . M,k . k .
t
I+N-1 N t
-3 I 'z (%ffb [(1+a) A(1.5 Qi?
g=1 i=1 j=1 J

+6.12 Qi? +9)8 +

-

c(3.57 Qi? +9.2)%7 L(4,9)

T K I+N-1 N 1 g 4 B
~t£t kzl iil jil (TIEYE + B8 A(1+a) (1.5 Qij + 6.12 Qij +9) L(i,3)
1+1 .
¢, I+N-1 N .
i l+e © 8
-z T z ) {(1+a) Al1.5 Q (i,3) +
t=1 i=1 j=1  1+4r a

40 (1,3) 0 (1,9) + 70 (4,1 - @ (1, NI + i

[N N

c(3.57 Q_*(1,) +9.27 u1,1)

T K I+N-1 N 1 8 8
-z z z z ———t 3A(1+a) [1.5 Q (i,3j) - 1.95 q (4i,j) +
t=t k=l i=1 g=1 (D) @ b
1+1 1 J=

A Qb(i,j) Qa(i,j) + 7.(Qa(i,j) - Qb(i,j)]B L(i,3)

tl D .
-1 c%fs)t 24962 (Q.aH) “%®
t=1 d=1 T
T K D . 66
L z f ———t [1997(Q.AH)" "~ + 284 q.AH]
t=t k=1 d=1 (1FD) :
1+1
t
1 N
+
r I (%;f)t cD(3) A(3) (3.55)
t=1 j=1
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Subject to:

N-1 I+N-1 H

IOX($,d,0 + T T q(Ch,1,3) ACCK,4,9)
d=1 i=l  h=l
I+N-1 - , :
-z X(i,3,k) (I—CL(i,j,k)) =0.0 ¥, T (3.39)
i=1 i,k
I+N-1 §H K
z z A(Ch,i,j) <A w (3.40)
i=1 h=1 , s 4
N R .
L X(1,3,k) < bli,k) ¥ (3.41)
j ’
I+N-1 N I+3-1 1
I A(C,k,3) - 2 A(ca‘ ,i,j) < O vj 5 - (3.42)
1fl ooi=1 k#1
I+N-1 N-1 . N :
ko, . )
.X T A(Ch,l,J).— o ; A(3) > 0 Vk,k (3.43)
i=1 j 3
IAN-1 . =
z A(C ’i:j) = 0 R (3.44)
. - h . o
i=1 )
1
I+N-1 H X K
z EC . [X(k,],k) (I‘CL(iaJsk))" z Q(C :k’J) A(Ch’isj)]
- wi . - h
i=1 ‘ h=1
N-1 ,
- Ecwj zil X(j,2,k) =0 vj,k (3.45)
243
k. . ke, Kyq o ook L |
Y(C ,1,3) - (100 - B(C,Y(1.5 Eij - A(Ch)] Y (C) =0 vi,k’h (3.46)
LR(EC ) - EC /(5 EC - EC )= 0 ¥, o (3.47)
wi wi e wi i
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q(Ci,i,j) - (1 + LR (ECwi) H(cﬁ,i,j) =0 ¥ (3.49)

i,j,h,k
X(i,3j,k) - C(i,3)-< 0. ‘&i’j"k - (3.50)
X(laj)k) - _C_L(l’J) z 0. -V.i,j,k - (3.52)
a5 5 0. ¥y (3.53)
h’l’J - : h,k,jwj‘ '
Q2 0. ¥, (3.54)

3.4 Nonlinearity Problems:

From the above forméfgt}on, we can see that the model has a non-
i

linear convex objective function. This leads to diffi;ulties in seeking
the global optimum solution because many local optimum are likely to
exist. Also there is a nonlinear constraint (3.45) where two decision
variables Eij, and X(i,%,k) are multiplied. If we forget tﬁe constraint
nonlinearity for a while, we get a mathematical model with a nonlinear
objective function and a lineér constraint set, ig which the decision
variables appears separately. In this case instead of solving the
problem difectly with a nonlinear programming which is a difficult way,
- we can make an appropriate approxiﬁation, so the linear programming can
be utilized. 1In practice, two ways of approximations, called the
S-method and A-method (7 ), are often used. Only 8-method will be intro-
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duced here.

3.4.1 §-Method for Separable Programming:

The separable program generally is in the following form:.

n

Max (Min) I £,(X,)
=1 1 J
n <
Subject to jil gij(xj) = 0 j=i,2 ** 000

g

where each of the functions fj and gij are known. Assume now that one

of £(X) is piece wise iinearly approximated as shown in Figure (3.11)

Fixp)

Figure 3.5. A Piecewise Linear Approximation of fj(xj)

Any value of X can be expressed as the sum of the variables Gs, so

that the cost for each of these variables (§) is linear and the total
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approximated cost is given by

f(x) = m, 61 + o, 62 + o, 63 +m, 64 (3.56)
where

X = 61+62.+ 53+64, and ’ (3.67)
()

0. < 123

0. < 62 < az - al
§ -

0. < 3 §'a3 a2 . : (3.58)

But if we have to minimize over a concave function or to maximize over a

convex function we must require that 61 = a_ whenever 6, > 0., and

1 2
that 62 =a, - gl whenever 63 > 0. and so on. Otherwise, when X 5_61,
say, the cost would be minimized by selecting 51 = 62 = 63 = 0. and

= 1 s . <
64 X, since m4 has the smallest variable cost (m4 m3 < m2 < ml).
However, these restrié%ions on the variables are simply conditional

N RIEY
constraints and can be modeled by introducing binary variables as
1

follows:
1 If 81 is at its upper bound = a;
v, =
0 Otherwise
1 1If 5 1is at its upper bound = a,=a;
v,y = .

0 Otherwise
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and in the general case:

. (3.59)
J -
0 . Otherwise
So, the constraints on the §-variables can be written as:
al wl g_él < a1
(az—al) W, < 62 < (az-al) v,
(a3-ap) vy < 852 (a5-a) w,
0. 5'64 :-(84_33) Vq
and, in the genéral form:
a, v < Skii (ak—ak_17 Vi1 k=1,2,...,k (3.60)

N

where a0 is equal to zero, ,3gnd w, equals oue.

0
‘ 1
Fixed Cost Problem:

\

The excavation, irrigation structures, or lining costs of a canal
as shown before inciudés a constant term. This term is called a fixed
cost, which is not a function of a canal's capacity. When a canal's
capacity goes to zero, instead of getting a zero cost of excavation,
as an example, we will get this fixed term. This problem can be solved

by introducing a binary variable as follows:
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COST

- “a+bx®

Figure 3.6. A Fixed Cost

Assume we have a concave cost function as shown in Figure 3.12,
and we need to get a zero cost when X goes to zero, and 60 + bX® cost
when X is greater than zero. Define w  to be a binary variable, so that
v, = 1 when X > O. angﬁvo = 0. when X = 0. Then the contribution to cest
' A JN

due to X may be written as:
!

§ w + bXx®
o o
subject to

X<Uw
- o

X>0.

where:

U = the upper limit of X.
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Finally, to indicate how we can solve nbnlinearity, and fixed
cost problems together, let us apply both selections to the excavation
cost shown in Figure 3.2. A piecewise linearly approximations of the
cost is shown in Figure 3.12.
= .14, ﬁ = .12, and m, = .i;

From the latter figure m, = .37, m

_ 1 2 3 4
then the cost function can be written as

E _ .

c(c) = 2.17 v + .37 61 + .14 62 + .12 63 + .1 54 (3.61)
subject to

c,:=61-4-<32+63«|~<54 (3.62)

30 wy < sl <30w,

30 w2_<_62§ 30 Wy

30 Vg 5_63_3 BQ&YZ,

0. < 64 < 50‘w3, ’a"r}d!' -
T :
Wy» Wy W,, and w, are binary variables ' ' (3.63)

Then replacing C from the constraint set by Equation 3.60. As
shown in eqﬁation 3.54 and in equation 3.57, that the number of the
constraints will increase at more with N(1+K) constraints, and we will
have (NK) decision variables rather than the introduced binary variables.
Thg disadvantage of this programming technique is the great increase-
of the constraints numbers, gspecially if we know that the computations
for linear programs are quite sensitive to m, the number of constraints,

in practice growing proportionally to m3.
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Piguré- 3.7 A Plece Wise 'L‘Lnea: Approxication of the
Excavation Cost
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us with an approximate solution close to the actual solution (global
optimum solution) to this type of nonlinear problem. A better solution
can be obtained by introducing more break points near the optimal solu-
tion given by thgforiginal approximation.

In this work thé separaﬁle programming is .chosen for solving
this agricultural exapnsion problem. But before using this algorithm
constraint (3.43) has to be transformed to a linear form. In the

following chapter an approach for dealing with this nonlinearity problem

-

is presented.

3.4.2 Constraints Nonlinearity Problem:

The nonlinearity of constraint (3.43) is due to a multiplication
of two random variables EC w,, and ;l X(j,t,k). One way of solving
'this nonlinear problem is by aSSumii;lone variable and solving for the
other one. 1In our case it is much easier to assume a certain magnitude
for EC v, instead of aesumidg’(N—l) magnitudes for X(i,%2,k). After )
aésuming some value for Eij,'we solve the whole problem using the
separable programming algorithm and getting the optiﬁum net benefit,
then assuming another value for EC wj, and getting another wvalue for

the net benefit, repeating the trails until it reaches the global

optimum solution, or close to it.

3.5 Summary:
In this chapter a mathematical deviation of all types of costs
used in the model objective function is presented. A mathematical formu-

lation of this agricultural expansion probleﬁ is done. The model's
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nonlinearity problems are discussed and solutions are introduced.
The separable programming teclinique is suggested to be used for solving

this agricultural expansion problem.
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CHAPTER 4

CASE STUDY: THE AGRICULTURAL EXPANSION IN THE NILE DELTA AND SINAI

4.1 Introduction

This chapter presents a comprehensive study ;f the use of the pla;-
ning model presented in the last chapter in a specific planning problem. .
This problem is based upon the preposed agricultural expansion in the
Nile Delta and Sinai where the available irrigation sources are fresh
and saline waters from the River Nile, and‘the drains of the existing

cultivated lands respeCtivély.

4.2 The AgriculturalAExpansion in Nile Delta and Sinai

The Nile Delta is naturally divided by the two major branches of the
River Nile - Domistta and Rosetta Branches - into three main regionms.
These regions are thégEaStern Delta, Middle Delta, and Western Delta.

[ IR -
This natural decomposition is used here by working only on the Eastern
’ .
Delta beside the Sinai.
The agricultural expansion in this region is in order of 1,548,500

feddans. This expansion is proposed in twenty-two sub-areas [31]. A

soil classification to these sub-areas is presented in Table 4.1.

The irrigation water resources available for these new areas are:
(1) E1 Salam canal which is now under planning. Its water is of a
fresh water from Domietta branch and a drainage water from El. Sarw pump
Station ;nd Bahr Hadus drain. There are two- proposed pump stations on

this canal. The first pumping station is to lift the water after being

76



Table 4-1

A Soil Classification for the New Areas in the

Eastern Delta and Sanai

Size - Soil
Area YNo. in feddans Classification
1 265,000 sandy clay
2 130,000 sand
3 30,000 sand
4 90,000 salty clay
5 135,000 Asalty clay
6 50;000 " salty clay
7 65,000 salty clay
8 29,000 salty clay
9 70,000 salty clay
10 40,000 salty clay
11 32,000 sandy clay
12 70,000 sandy clay
13 120,000 sand
14 20,000 sand
15 15,000 . sand
16 10,000 sand
17 100,000 sand
18 40,000 sand
19 85,000 sand
20 47,000 sand
21 5,500 salty clay
22 100,000 sand
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mixed with El. Sarw drainage water. The second one is at the end of
Bahr Hadus to lift the drainage water to be mixed with the canal's
water. This canal extends from its intake at Domietta branch to Sinai

across the Suez Canal as.shown in Figure 4.1.

(2) 1Ismailia Canal, after some enlargement, is'proposed to feed diré;tly
some new areas close to it rather than two new canals. These canals are .
the irrigation Suez Canal for supplying the new lands in both west and

east of the Suez Gulf, and El Salhia Canal which is planned to feed new

areas in the east and ;est of the Suez Canal as shown in Figure 4.2.

(3) El Bahr El-Saghier after an expansion to its cross-section.

(4) A new canal takes its water from the Domietta branch to supply

the sub-area (20) with irrigation water in the northern part of the

Eastern Delta as shown in Figure 4.2

(5) A drainage water from Faraskour pump station.

(6) A drainage water from either the pump station or sub-drain of Bahr
R :

El1 Bakar. ’

]

(7) A treated sewage water for feeding 100,000 feddans south to Ismailia
Canal (sub-area (22)).

Figure 4.2 shows a schematic map of this region. A network
representation of the irrigation system in the new land is shown in Fig. 4.3.
Node definitions and arcs (canals) lengths are presented in Table C.1 and

Table C.2 respectively. .

4.3 The Cropping Systém in Egypt

In Egypt, the agricultural year is divided into two main seasons,

winter which starts at the beginning of November and, summer which



Figure 4.3 A Network Presentation of the Irrigacien System in
the Eastern Delta and Sinai Regzions
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starts at the beginning of March. The main winter crops are short- 2
season clover, wheat, vegetables, barley, beans and long-season clover.
During the summer, cotton, maize, rice and summer vegetables are grown.
In general, theré_are two traditional cropping patterns in the old lands --
namely, the two - and three-year rotations as shown in Table C.3 and C.4

respectively.

4.4 Data Used in Case Study

To apply the mathematical model, some data has to be prepared as an
input to the model. Sbme.of this data is collected and the other part
is assumed.

The colleéted Data:

(1) Monthly discharges and salinities of all drains and drainage pump

stations in the Eastern Delta in the last four years are provided by the
\ -

[

drainage institute, Cairon_fgypt. Some analysis is carried out to this
data in Appendix A to.calculate the seasonal average flows and salinities
of the drain irrigation resources and the computed values are shown in
Table 4.2.

(2) The crops'water requirements based on surface irrigation method

are shown in Table 4.3.

(3) The lifting heads.of the two pump stations on El-Salam Canal are
1.60m and 2.4 m, respectively, as provided by the public directory of
the horizontal expansion projects in the Eastern Delta (32).

The Assumed Data:

(1) Yields and unit prices of the crops as shown in Table C.5.
(2) Amounts and unit costs of seeds, fertilizer, labor-hours, and

machinery hours required for the crops as presented in Table C.6.
82



Table 4.2 Seasonal Discharges and Salinities of the Irrigation'

Water Resources

Agricultural Winter Summer

Season )
Irrigation . Discharge ECy, . Discharge ECw '
Source - _(m/sec) (mmhos/m) (m/sec) (mmhos/cm)
El-Salam Canal* 30.3 .2 | 37.2 .2
El-Sarw Pump Station 13.4 1.6 20.5 1.2
Bahr Hadus 85.7 2.3 114.0 2.0
Ismailia Canal s 115.4 ) .2 162.6 .2
El-Bahr - El1- Saghier 6.0 .2 7.6 .2
Faraskour Pump Station’ 5.1 1.2 10.4 1.6
Bahr.El-Bak;; Pump Station 13.8 1.1 Al4.5 " 1.8
Bahr El-Baka; Sub-Drain 37.6 1.2 37.6 1.2

=

* These seasonal discharges and salinities are computed at the intake

of El-Salam Canal at Domietta branch.



Table 4.3 Water Requifements of the Agricultural Crops Based on
Surface Irrigation Method

Growing Season Water Duty Water Duty

Crop _ (days) m3/fed/season 10~%m3/fed/sec
Short-Season Clover 100 1910 2.20
Wheat 170 1600 1.10
Barley 120 2200 0.95
Beans 170 1400 1.04
Long Season Clover 150 . 1350 2.11
Cotton 195 3400 2.02
Maize © 130 2700 2.40
Rice i 100 8800 10.20
Water Melon 140 4000 3.30

Vegetables 170 3100 2.14
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(3) The interest and discount rates on 8% and 6%, respectively.

(4) The A and B coefficients of the excavation cost function are .2
and .9 and the coefficient C and D of the lining ast function are 4.
and .95, respectively. »
(5) The unit coéf of land development is 1200.L:E per feddan as

shown in Table C.7.

(6) The water conveyance losses is 10% of the canal's flow for every

100 kms of the canal's length.

(7) The period required for land reclaimation, t, is equal to 10 years.

(8) The time horizon"of this expansion project is 100 years.
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4.5 The Seperable Programming Model Application

4.5.1 Objective Function

Agricultural Revenue

In this specific problem, the agricultural revenuw can be written

’

as -
120 62 | 61 2 6 1 K ' -~ k.
b b TR AR ) e
where: -
Ci = short season clover, wheat, vegetables, barley, beans
and long éeagon clover respectively h=1,...,6
Ci = cotton, maize,lrice, melon and vegetables respectively
i h=1,...,5

For more illustration, let us compute the agricultural revenuw for

node (58) as follows:
1 > 1 1 1
[5.{A(C1,26,58) Y(Cl,26,58) +-A(C1,57,58) Y(Cl,57,58)} -
g
1

+ 60.{A(C§,26;58) Y(C

1,26,58) + A(C},57,58) ¥(C;,57,58)} -

+ S{A(Cé,26,58) Y(C2,26,58) + A(Cé,57,58) Y(Ct,57,58)}

+ 186.{A(c§,26,58) Y(Ci,26,58) + A(Ci,57,58) Y(Ci,57,58)}

+ 170.{A(c§,26,58) Y(C§,26,58) + A(C§,57,58) Y(C§,57,58)}]

100
DT T
=11 (1 + 106)
where ’ »
100 100 ) 10
t t ~
p=q1 (1F-06) =1 (1+.06) =1 (1+.06)
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_ 000 % 000
.06(1+.06)100 .06 (1+.06) :

Total Farm Costs

The present value of these costs for this .expansion problem are

100 62 61 2 6

1 k S, Ky oKy W Fonfyonk
I L L I I e A, 1,5 5B scH+F ehHr -
t=1l i=1 j=1 k=1 h=1 (1+:08) h h’%*h CRIF(C

L,k k. M, k k
+C (Ch)L(Ch)+C (Ch)M(Ch)]

-

The costs for node (58) are
1 1 1 1
9.3[37.9{A(Cl,26,58)+A(Cl,57,58)}+97.75{A(C2,26,58)+A(C2,57,58)}

+l68{A(Ci,26,58)+A(C§,57,58)}+..+158.5{A(C§,26,58)+A(C§,57,58)}]

N : T
The Excavation, Irrigation Structures, Lining and Maintenance Costs

. [ KEE¥
Substituting a=1 in the excavation and irrigation structures
i L

cost, we get

0 62 61 1+.08.t 9

1 )
.8 A

T I (= {.6(1.5 Q. +6.12 Q..+9) 12,

=1 i=1 j=1 1+.06 ij ij ij
or

62 61 g A .9 10 .

I L .6(1.5Q)+6.12 Q.+9.) 2 I (1.02)

i=1 j=1 1] 3 1je=1
or

62 61

6.7(1.5 Q;§+6.12 Qi?+9.)'9 ..
i=1 J=l J ) J 3

and from the piece wise linear approximation in Figure C-1, the cost

can be written as
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62 61

z L (48.4 w +11.1 8§45 & +4 §
. . o 1 2

i=1 j=1

57+2.3S 68+2.15 og)ij Qij

+3.6 64+3.2 1)

3 +2.9 66+2.6

5

By the same wa§ the lining cost (FigureC.2 can be written as:

62 61
T T 11.2(3.57 Q;§+9.z)'95 )

i=1 j=1 1]

or in linear form as -

62 61

.Z '2 (90.3 wo+8.70 61+2.60 62+1.9 63+1.5 64+1.3 65+1.1
i=1 j=1 -
. 66+.9 67+.8 58+.7 Gg)ij Lij

From Equation 3.33, the maintenance cost with R=8% is equal to

62 61 § g 4 9 100
I I .05(17% Qij+6.12 Qij +9.)°7 ¢

t
1=1 j=1 (1+r)

i3 '
SO I =11 -

]
oT

62 61 8 4 5
I I .45(1.5 Q;.+6.12 Q,+9.)"° &
i=1 j=1 H H

1]

Using the piece wise approximation as shown in Figure C.3 we obtain

62 61
I I (3.25 wo+.75 61+.33 62+.28 63+.24 64+.22 55+.28
i=1 j=1 .

66+.18 6?+.16 68+.14 69). Zij

ij

Enlargement Costs of the Existing Canals

From Equation 3.34, the excavation and irrigation structures costs

can take the following form:
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.8 . .8 . A YA ,
i § 6.7[1.5 Q (1,1)-1.95 Q)" (1,5)+.4 Q0 (1,3) Q (1,3)

SR CRCHIECH PP R W

For Ismailia Céhal which coﬁsists of four reaches, each ome has an

average Qb as shown in Figure C.4.
The cost function for these reaches can be linearly approximated

as shown in Figures C.5, C.6, C.7 and C.8 -and they can be

-~

respectively written as:

v(3.4 61+2.93 62+2:56 63+2.3l 64+2.1 65)19 20 2(19,20),

]

(4.28 _+3.2 62+2.74 63+2.46 64+2.24 é

1 ) 2(20,21),

>"920,21

(5.7 61+3.83 G§+3.l4 63) 2(21,22), and
' 21,22

. [ R

(6.82 §,+4.62 52+3.5f ) 2(22,23)
22,23

For El-Bahr El-Saghier, when Qb‘= Q_%é& = 32,2 m3/sec., the excavation

cost as shown in Figure C.9 can be linearly expressed as

(6.1 6.+5 52+l.2 63) 2(7,28)

1 7-28

Capital, Operation and Maintenance Costs of Pump Stations

El Sarw Pump Statiomn

From Equation 3.36, the capital cost is equal to

381,256 (Q)"%°

or linearly from Figure C.10as
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3
107 (175 51-1-100 62+.85 63+.75 64+.65 65)

In the same manner, and from Figure C.11 the maintenance cost

is equal to
3 . |
107(10.2 61+5.9 62+4.9 63+4.5 64+4. 65)
Therefore the total cost of El-Sarw Pump Station is equal to

‘ 103(185.2 61+105.9 62+89.9 8

3¥79-5 6,469, 8,)+454 q..L.E.

1

Bahr Hadus Pump Station

From Figure C.12 the capital cost can be written as

3 ‘
107 (228 61+132 62+110 63+99. 6&+90 65+81 66+74.5 67+67.7 68)

and the maintenance cost from Equation 3.37 and Figure C.13
W -

3 :
107(15.1 61+8.§ 62+Z¢3.65+6.5 64+6 65+5.4 66+4.9 67+4.5 68)

!

Therefore the total pumping cost is equal to

3
107(243.1 61+140.8 62+117.3 63+105.5 64+96 65+86.4 66

+ 79.4 57+72.2 §8)+681 9,

4.5.2 Constraints

Flow Balance Constraint

To indicate how this constraint can work, let us apply it for

node (58) as follows
6
for k=1, x(58,59,1)+x(58,60,1)+ T [q(Ci,ZG,SS)A(Ci,26,58)+
h=1

a(CL,57,58)A(CE,57,58) 1-x(26,58,1) (1-.01) ~x (57,58,1) (1-.01) =0
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and for k=2
5 .
x(58,59,2)+x(58,60,2)+ T [q(Ci,ZG,SB)A(Ci,26,S8)+
h=1

q(C§,57,58)A(C§,57,58)]-x(26,58,2)(1-.01)—x(57,58,1)(1—.Ol)=0

Area Budget Comstraint

For node (58), this constraint (for the winter season) can be

written as

6
T A(CY,26,58)+A(CE,57,58) < A(58)

and for the suummer season

5

I A (C2,26,58)+A(CE,57,58) < A(S8)
h=1 b

v

Water Budget Constraint

Applying this constraint to node (3) for example, we get when X
- s
k=1 that : .
x(3,4,1)+x(3,27,1) ¥ t(3,1), and

1

and for k=2

x(3,4,2)+x(3,27,2) < b(3,2)

Sequential Planting Comstraint

In Egypt, the short season clover has to be planted before the

cotton and this condition can be written for node (58) as
2 2 1l 1
A(Cl,26,58)+A(C1,57,58)-A(Cl,26,58)—A(C1,26,58) <0

Agricultural Requirements Constraint

In this specific problem it is assumed that each planted area as

is the.case with cotton, rice or wheat has to be greater than or equal
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to the tenth of the whole reclaimed area. Also it is assumed that

the planted area with maize has to be equal to or greater than 5% of
the whole new land. Some other constraints also are assumed to keep
the areas of vegetables, melon and clover less than some rati.os of‘ the

total reclaimed lands. These constraints are’

ILA(C),1,3) > 154850 feddans -
i

Lz A(Cé,i,j) 2 154850 feddans

i :

D) A(Cé,i,j) L 38712.5 feddans

i

DI act,i,5) > 154850 feddans

i3 .

ILACS,1,5) > 77425 feddans

i

DD A(Cg,i,j) > 154850 feddans

ij R )
DT aE1,9) ¢ <" 725 feddans

ij 1

T A(Cg,i,j) < 154850 feddans

ij]

Salt Concentration Constraint

From Table 4.6 and for node (57), this constraint can be written

as

H

EC_ [x(11,57,k) (1-.005)- I q(Cr,11,57)A(Cy,11,57) I+
w - h

1 h=1

S H ok k

EC,,, [x(26,57,k) (1-.01)- I q(C¥,26,57)A(C,26,57)]

26 L9 h

-EC57[x(57,58,k)] = 0 k =1,2
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where ECll depends on the mixing ratio at node (9), which has to be
assumed as will be shown later, and EC26 is 1.15 in the summer and

1.75 in the winter in mmhos/cm.

A Constraint on a Crop's Water Requirement

As an example, let us apply this constraint for crop C% (beans)

at node (61l) using surface irrigation methods

.2

LRys = 5x1.5-.2

= 27%, and

1.15  _ .
26 = Sxl.5-.2 - 12-7%

LR

then

q(c§,25,61)=(1.027)1.04x10"‘=1.o7x10'4 n/sec. /fed., and

4

q(C§,26,6l)=(l.1575)1.04x10- =1.2x10"% n3/sec. /fed.

A Constraint to the-Yield of the Crops

N TR . -
For the same c¢rop and the same node as shown above, this con-
1 .

straint can be written for beans as

¥(C3,25,61)=[100-.16(1.5x.2-1.) Jx1=1 ton/fed.

Y(C§,26,6l)=[100-.16(1.5x1.15-1.)]xl =.998 ton/fed.

Upper Capacity Constraint

For a canal i-j, this constraint can be written as

x(i,j,k) < Z(5,) ¥, .
g Y43 i3,k

4.6. The Solutions to the Case Study

The model was applied three times using three different mixing
ratios of the drainage water to the fresh water. These ratios were
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2.5, 1.4, and .8 through the winter; and 2.5, 1.3, and .7 through the

summer.

In the following a detailed dicussion of each solution and

an economic comparison between them is presented.

First Solution

:

-
- -

Using the first mixing ratio 2.5 and 2.5 during the winter and

summer seasons respectively and dropping the agricultural requirements’

constraints, the irrigation network was obtained as shown by continuous

lines in Figure 4.4, - The capacities, cross-sectionsl areas, seasonal

water discharges and the total costs of the new canals are presented

in Table B.1 (Appendix'B). The crop pattern distribution in the new

lands is introduced in Table B.4.

]

The following remarks about the crop pattern distribution when

using the above. mixing ratio can be obsérved:

1.

Large areas are cultivated with beans which have a high
price and at the-same time are economical in water
consumption. K

During the summer, the crops of high watér requirements
like rice are chosen to be cultivated close to the water
sources for minimiﬁing the transmission costs.

The crops which have a high salinity tolerance are culti-
vated in the sub-areas which have saline irrigation
watef like the cotton in the sub-areas (29), (30) or (31).
The saline sénsitive crops are located in the sub-areas
which have fresh irrigation water, like the rice with
high intensity in the sub-area (51).

More complicated crop selection was done, when the maize
© 95



had been chosen in the sub-areas (57), (58), (59) and

(60) where the irrigation water is very saline.
The maize was preferred to the cotton because of its higher market
price, although the latter has a higher salinity tolerance and a
lower water requirement. Héwever as will be shown in the second
solution that the cotton was preferred to the maize whenever we have

a shortage in irrigation water.

Another run was performed using the same mixing ratio but after
holding the constraint\set (3-4) to the equality (i.e., all the new
lands have to be reclaimed), and after satisfying the agricultural
requirement constraint set. The output of this run is presented in
Table B.7 which gives the design of the irrigation network, and in

Table B.8 which shows the crop pattern distribution in the new lands.

The major remark which can be seen from Table B.8, is that the barley
- .

s

is chosen for large areas instead of the beans in the first solutiom.
. cn
This selection is done because the barley has a very low water
requirement which is appropriate with the resulting shortage of
irrigation water after satisfying the agricultural requirements.
The irrigation‘network remarks will be discussed later through

a comparison with the other two solutionms.

Second Solution

By decreasing the mixing ratio to 1.4 and 1.3 through the winter
and summer seasons, the potential irrigation water decreases. There-
fore when we hold the constraint set (3-4) to the equality and keep
the agricultural requirement csnstraint we got an infeasible solution.

To find an optimum solution we dropped the agricultural requirement
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constraint and we converted the equality sign in (3-40) into less than

or equal sign (i.e., it is not necessarily to reclaim all the new

lands).

dotted lines in Figure 4.4

The irrigation network of this solution is presented with the

introduced in Table B.2 Looking at the crop pattern distribution =

(Table B.5) we observe that

1.

During the winter and as shown in the first solutiom, large

areas are cultivated with the beans.

The summer végetables are selected in sub-area (51) instead
of the rice in the first solution. This happens because of
the reductionvin the irrigation due to the decrease in the
mixing ratio.

The cotton is chosen in the sub-areas (57), (58), (59) and
(60) instead of the maize in the first solution and as

AL
mentioned before, this is due to the shortage of the
' . N RE
irrigation water.
1

While all the new lands are cultivated in the winter, the
only completely cultivated sub-areas during the summer

are (27), (28), (51), (58), (59), (60), (61) and (62)

because they are very close to the irrigation water sources.

The other sub-areas are either partially cultivated or
not cultivated ét all. This happens because of the high
water requirements of the summer crops which are not
appropriate with ﬁhe available irrigation water after

decreasing the mixing ratios.

97

The design of this irrigation network is



86

l6.8 o jar

43 2.2 , L
12 2 Eﬁ. [

N

. Figure 4-5 .A Schematic Presentatfon of El-Salam Canal (Firat

Solution)

S



66

.
- - - et

Figure 4-6

A Schematic

§olution)

_Preséﬁtation of El-Salem Canal (Sec;nd

-—



001

FPigure 4-7 A Schematic rtuuintion of El-Salanm Canal (Third
S_qlution_) ' : -

- e e e e o— .



Third Solution !

Using the third mixing ratio we got the irrigation network shown
in Figure 4.4 as dashed lines. It is clear from Table B.6, that
the winter crop pattern distribution is very similar to the last one
obtained from”the second solution. The diffegénce is that soﬁé lands
are not cultivaﬁed at all like the sub-areas (37) and (38), and others
are partially cultivated like the sub-areas (29) and (45). During
the summer the greatest part of the new lands is not cultivated,
however; the crop pattérn in the cultivated sub-areas are close to the
one presented in the latter solution.

To compare the irfigation networks of the three solutions, a
schematic presentation of El-Salam Canal were done for each solution
in Figures 4.5, 4.6, and 4.7 respectively. Similar presentations
of El-Salhia Canal are shown in Figures 4.8, 4.9, and 4.10. These

schemes show the different design'capacities of these two canals

[

| NS
obtained from the three different solutioms.
i

4.7 Economic Analysis

In general there are three parameters usually used to indicate

the economic desiraﬁility of a project. These parameters are

1. The net benefiﬁs (NB).
2. The benefit-cost ratio (B/C).

3. The rate of return (RR).

The first parameter is usually used when comparing different
projects and their costs are identical. The second and third parameters

are normally used when the benefits as well as the costs of alterna-
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Table 4.4 The Computations of B C for the Three Solutions (a)

Solution No. Benefit in 106 L.E. (B) Cost in 106 L.E. (C) B-C

1 . 5788.6 4800. 3 1.21
2 5730.6 4862.3 1.18
3 . 5691.72 3900. 1.46

-~

Table 4.5 The Computations of B C Values for the Three Solutioms (®)

Solution No. Benefit in lO6 L.E. (B) Cost in lO6 L.E. (C) B-C

1 X. 5353.96 4135.36 1.27
. [ N

2 4997,67 3639.9 1.37

3 4801.72 3236.87 1.46
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tive projects are different. In this work the benefit-cost ratio
(B/C) was used for comparing the different solutions. Table 4.4
presents the computed values of the (B/C) for the three solutions.

A graphical presentation of these computed values is shown in‘Figure
4.11. This fiéﬁre shows th;t when the mixing‘fatio increases, the
benefit cost ratio decreases until reaching its minimum value 1.18
cprresponding to 1.35 mixing ratio. The (B/C) starts to increase
again with the increasg of the mixing ratio until reaching to 1.21
value at 2.5 mixing ratio. To explain.this behavior of (B/C) with the
mixing ratio we havé»tq go back to the latter section. In the third
solution when using the lowest mixing ratio we got two main canals
for supplyiné the north part of the Sinai with irrigation water.
These canals were El-Salam Canal carrying the mixed water and El-

Salhia Canal which takes its irrigation water from Ismailia Canal.

[

As shown in Table B.6 the sub-areas served with El-Salam Canal were”
mainly cultivated w;th beans during the winter; ?ice and maize during
the summer. Then by increasing the mixing ratio to 1.4 and 1.3

during the winter aqd summer seasons respectively the irrigation water
increased and we we;e able to irrigate two more sub-areas (37) and (38).
Therefore the total cost and the gross benefit were increased, but

due to the increase ﬁf the water salinity and its bad effect on the
water requirements and the yields of the crops we got a lower (B/Q)
equal to 1.18. With more increase in the mixing ratio it is supposed
to get a (B/C) lower than the latter one due to the incfease of the
water salinity which has a bad effect on fhe.agricultural crops. This
did not. happen because the excess in the irrigation water

enabled us to irrigate all the new lands in the north part of the Sinai
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using on1§ El-Salam Canal where El-Salhia Canal stopped at Sub-Area (45)
as sHown in Figure 4.19 and 4.20, so the transmission costs decreased.
On the other hand, this excess irrigation water gave us the chance to
extend a new canal from El-Salam Canal to sub-area (57) as shown in
‘Figure 4.19. ’ihis canal improved the crop pattern in this area from .
clover and cotton to vegatables, maize and rice which have higher
market prices: Then we received an increase in the gross benefit.
Therefore, the final result of this solution is an increase in (B/C)
from 1.18 to 1.21 which still is less than the highest wvalue of 1.46.
In comparison ?etween the three solutions, the third one is the
best alternative to Qefify the maximum (B/C). But in fact we could
get a higher (B/C) if we use a lower mixing ratio, or when no mixing
is done at all, which results in leaving more lands without relcaima-
tion. Therefore to get the optimum mixing ratio we have to determine

the minimum areas desired to be reclaimed.

4.8 TIrrigation Water Aﬁéifabilicy

The model was applie& again three times using the three different
mixing ratios, after decreasing‘the winter and summer potential flows
of Ismailia Canal from 115.4 and 162.6 m3/sec. to 30 and 50 m3/sec.
respectively. The irrigation networks of the three solutions are
presented in Figure 4.12. As shown from this figure (whatever the
mixing ratio was) due to the reduction made in Ismailia Canal's flow,
El-Salhia Canal stopped at node (25) before reaching the Sinai. The
crop pattern distribution in the new land obtained from each solution
is presented in Tables B.12, B:13 and B.1l4 respectively. As shown in

these tables more areas were left without reclamation because of the

irrigation water shortage. The cross-sectional designs, seasonal
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discharges and the total costs of the irrigation canals are introduced -
in Tables B.9, B.10 and B.1ll for each selection. A schematic
presentation of El-Salam Canal design obtained while using the
different mixiﬁg ratios are presented in Figureg 4.13, 4.14 and 4.15 .
respeétively. |

The benefit-cost ratio (B/C) were computed for the three runs as
shown in Table 4.5 and graphically presented in Figure 4.16. Looking
at the latter figure we observe that the (B/C) and the mixing ratio
are inversely proportionall This happens because of the bad effect
of the high salinity.on‘the yields and the water requirements of the
crops. Also we can observe from this figure that (B/C) ratios are
increased he;e comparing to the other solutions obtained before
decreasing Ismailia Canal's inflows. This occured because of ending
El-Salhis Canal at wode (25), which results in a decrease in the
transmission cost, also‘Because of excluding El-Suez irrigation
canal which was feeding thé sub-areas (55) and (56) which were having
a lower (B/C). The third solution with the lowesg mixing ratio is
the best one whicg has the highest (B/C) compared to the
other two solutioms.

4.9 The Income Distribution

As shown in the last two sections, the crop pattern distribution

in a sub-area depends on three major factors which are:

1. The irrigation water salinity which in general'is inversely
proportional to the aéricultural revenue.

2. The irrigation water availability. From Table B.4, B.S5,
and B.6 it can be observed that when the irrigation water
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water increased, the crops in sub-area (57) were changed
from clover and cotton to vegetables, maize and rice which

have a higher price, i.e., the agricultural revenue is

increased.

3. The distance between this sub-area and the irrigation water

source. As observed before the crops of high water requirements,

which generally have high market prices, were preferred in
the sub-areas™close to the water sources for minimizing the
transmission costs. Therefore when the distance increases

the agricultural revenue decreases.

For more illustration, the unit annual return (L.E./Year/Feddan)
was computed for different sub-areas using the crop pattern distribu-
tion given in Table B.8 according to the following relationship:

; X

Unit Annual Return (UAR) = Agricultural Revenue - total costs"
. on the farm level

where:

Agricultural revenue = (yield of each cultivated crop) (market

price for each crop) ‘

The computed values of the annual return for the different sub-
areas are presented in Table 4.6 . From this table we can observe
how the water salinity can affect the UAR. Then while using fresh
irrigation water in sub-area (51), we got 390 L.E./Year/Feddan, and
on the other hand we goﬁ 234 L.ﬁ./Year/Feddan while using saline
irrigation water in the sub-areas (45) and (Sb), or sub-area (29) to
sub-area (37)we can see clearly how the water transmission distance
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Table 4.6 The Computations of the Unit Annual Return of the New Lands

. Water Salinity/mmhos Crop Patterm Annual Return
Sub-Area No. =~ Winter . Summer Winter °  Summer (L.E.),
29 2.06 1.86 Barle§ Vege. 210
37 2.06 1.86 Wheat Maize 146
45 0.2 0.2 Wheat Maize 165
49 0.2 -~ 0.2 . Vege. Maize 330
51 0.2 0.2 Vege. Rice 390
56 0.2 0.2 Clover Cotton 140

& Beans & Maize

58 5 1.15 1.5 Clover Cotton 90
& Wheat & Maize

J
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affected greatly these annual returns. Looking at the unit annual

return of sub-area (58), we observe that it is very-low and less than
the other one of sub-area (37) although the latters irrigation water
is more saline. This happend because the irrigation water available
at either Bahr'El-Bakar sub-drain or Bahr-El—Bakar Pump Station is -

not enough to irrigate agricultural crops of high water requirements

in all the surrounding areas.

According to the above discussion and while using only one source
to supply different ar;as with irrigation water, the UAR of these
areas will be a function of their topographic position with respect to
this source. To identify this functional relationship between the
topographic position and the UAR, the UAR values of the different
areas along El-Salam Canal and El-Salhia Canal are computed from
Table B.8. These values are presented in Figures 4,17 and 4,18 as a
function of the trQESmission distances for El-Salam Canal and El- ‘;

. L KT
Salhia Canal respectively.
!
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CHAPTER 5

SUMMARY AND CONCLUSIONS

This study has provided a working mathematical model for analyzing
and optimizing -the conjunctive use of fresh an& saline water sources
in agricultural practices. Using this model, water mixing can be
considered and its impact on the expansion's economics and planning
can be computed. Also, the effect of the topographic positibn and soil
type of the new lands ;n irrigation network planning and on crop
pattern distribution can be obtained.

The model's formuiation is flexible enough to link the éxisting
cultivated lands with proposed new areas in the eastern Delta and the
Sinai. This is useful in guidance for improving irrigation efficiency
in the old areas and in computing the required enlargement of the
irrigation system fér supplying the new lands. Frequently, the crops
can be redistributed in,;gch a way as to obtain the maximum economic

1
return and to satisfy the national agricultural fgquirements.

This mathematical model gives the decision makers qualitative
information of cost tradeoffs involved in the irrigation method chosen:
surface, sprinkling or dripping irrigation. This choice‘depends on
the irrigation water available and on the minimum desirable size of
the areas to be reclaimed. This is shown in the case study when
Ismailia Canal's inflow has been reduced by more than 507 and large
areas were left without reclamation.

Having applied the model, we found that the agricultural income

of the new land is inversely proportional to both irrigation water

salinity and water transmission distance. This trend can be considered
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in scheduling of agricultural expansion planning when there is a budget
limitation and as a guidance for estimating rents or prices of the new
lands.

The model's output can be used to estimate water prices in the

system which can give a guidance to irrigation water management and an

evaluation to conveyance water losses.

The model presented is more concerned with the planning of large.
scale agricultural expansion on a national level. It reflects the
impact of economical, social and political factors on this type of
project. This factor is considered in the model by including their
effects on national agricultural requirements either for internal
consumption or for export and on agricultural policy regarding
agricultural rotations. The model can evaluate the'repercussions of
these effects on the economy and feasibility of land development. As
an example, we obtgined an infeasible solution for the case study -
where we tried to gatisfy_both national agricultural requirements.
Aand agricultural policy."

The separable programming algorithm has demonstrated its
effectiveness in sqlving this type of plapning problem. Although
the case study had more than 600 constraints, the computer time spent
for each run was less than one minute. The approximated solutions
obtained were generally accurate enough for planning purposes.

It is recomﬁended that future research be focussed on agricultural
expansion scheduling which should include time sequences as a decision
variable. Factors, such as constraints on available funds during a time
period as well as benefits that increase Qith calendar time have to be

considered.
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The Seasonal Discharges and Salinities of the Irrigation Water
Resources

Bahr Hadus Drain

A schematic presentation of Bahr Hadus drain and its tributaries

is shown in Figure 1.2.

El.Genena- P.S.
El. Kasaby PS.
Erad R.S.
LAKE
| 15 MANJALA

¥ -

DS

wn

Nejam PS. Bany Ebaid PS. Main Kasaby P S. Saft PS.

N RS

Figure 1.2 Schematization of Bahr Hadus Drain

Assuming no water losses in the tributaries of Bahr Hadus, and
using the continuity equation, the outflow of Bahr Hadus can be computed

as

Q = average seasonal discharge of Bahr Hadus

-
]

number of Bahr Hadus tributaries

Qi = average seasonal flow of tributary i
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knowing that the salts are conservative substances, the salinity of

Bahr Hadus outflow can be computed as

I
EC_ = © Q. . EC_/Q
w {=1" 1 wi

where

Ebw = average seasonal salinity of Bahr Hadus outflow

ECwi = gverage seasonal salinity of tributary i

The discharges and water salinity'of each tributary are considered
here as deterministic values by taking the mean values of the available
previous record for each agricultural season as shown in Tables A.l,

A.2, A. , and A.16. Then the average winter outflow of Bahr Hadus

equals

65.23 + 10.1 +39.5 + 12.86 + 30. + 15.34 + 7.54 + 37.9

- 208.37 .x 10%m> /month = 88.39 m>/sec.

]

The average summer outflow of Bahr Hadus equals

77.50 + 17.2 +.61.4 + 22.20 + 47.48 + 20.33 + 9.95 + 37.9

= 293.96 x 106 m3/month = 113.41 m3/sec.
The average winter water salinity of Bahr Hadus outflow equals

65.23 x 1.53 = 10.1 x 1.89 + 39.5 x 3.75 + 12.86 x 2.87 +

30.00 x 2.725 + 15.34 x 3.32 + 7.54 x 1.95 + 37.9 X 1.53
| 208.37
= 2.4 mmhos/cm

The average summer water salinity of Bahr Hadus outflow equals
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77.5 x 1.9 +17.2 x 1.143 + 61.4 x 1.66 + 22.2 x 3.53 + 47.48 x 2.725 +

20.33 x 2.33 + 2,95 x 1.34 +37.9 x1.72

293.96

= 2.04 mmhos/cm

The same procedure is repeated again to compute the seasonal
discharge and salinity for Bahr El-Bakar pump station, Bahr El-Bar
sub-drain, lower Sarn pump station and Faraskaur pump station. The

computed values are presented in Tables A.17, A.18, A. , and A.24.

128



Table A.l.

Monthly Discharges of Soft Pump Station

Month
November
December
January
February
March
April
Total
Average
May

June
July
August
September
October

Total

Average

1975
70.66
79.65
39.45
20.67
64.6

58.14

333.17

55.50
48.13
66.28

8144

81.76

76.30
79.3

433,21

72.20

Discharge in 106 m3/Month

1976
88.02
92.75
40.5
57.62
62.38
72.44

413.71
69 .00

70.67

94.66

103.21

89.50

6 3

Average Winter Flow = 65.225 x 10 m

Average Summer Flow = 77.50 x 106 m3/month

129

1977
86.32
97.83
73.50
37.90
75.67
81.05

452.27
75.40
78.19
86.89
81.08
78.00
77.17
91.56

492.89

82.10

1978

67 .

73

56

50.

64

56.
366.
61.

54.

44

78.

77

75.

69

397.

66.

00 -
.00

.00

00

.00

00

00

00

.00

.00

00

.00

00

20



Table A.2.

Monthly Discharges of El-Genana Pump Station

Month 1975
November 13.67
December ) 9.88
January 2.46
February 7.06
Mérch 8.94
April | 3.16
Total 44.87
Average 7.50
May ; 7.54
June 5.38
July 26.72
X

August 6h;%?f33
September ] 'gl.QS
October 13.68
Total 96.7

Average 16.10

Discharge in m3/sec.
1976

12.91
11.55

7.90

13.22

11.31

11.40

12.32

21.37

11.54

15.1

Average Winter Flow = 10.1 x 106 m3/month

Average Summer Flow = 17.2 x 106 m3/month
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1977
13.83
11.00 °
13.04

7.35
9.80
13.3
68.32
11.40
14.10
17.50
25.84
26.49
24.55
14.46
122.94

20.4



Table A.3. Monthly Discharges of El-Erad Pump Station

Discharge in m3/sec.

Month . 1975 1976 1977
November . 51.85 46.8% 51.03 "~
December | 37.76 38.23 39.12
January - 29.26 36.78
February 21.33 34.45 26.79
March T 4912 ~ 38.00 41.38
April . 44,271 42.43 41.12
Total ‘ S 229.21 236.22
Average ; 40.9 38.20 39.4
May 45.58 44,29 40. 64
June 56.88 - 53.44
July ™  82.74 - 66.56
August ) PM?E.SA - 76.03
September 68 .63 72.07‘ . 71.86
October 58.52 58.96 61.12
Total © 38s.19 - . 369.65

~ Average 64.2 58.4 | 61.6

Average Winter Flow = 39.5 x lO6 m3/month

Average Summer Flow = 61.4 x 106 m3/month
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Table A.4. Monthly Discharges of Main Kasaby Pump Station

Discharge in 106 m3/month

Month 1975 1976 1977 1978
November o 12.64 15.14 15.84 19.00.
December ~  14.82 13.63 '16.38 15.00
January 9.46 10.58 14,12 18.77
February 5.41 12.42 7.54 - 8.60
March 11.12 10.31 14.47 13.75
April 10.77 11.8 11.94 15.00
Total 64,22 73.88 80.29 90.12
Average 10.7 12.3 13.4 15.02
May ; 9.23 13.7 10.28 12.93
June . 17.68 - 20.48 20.06
July 35.07 - 26.39 30.90 -
August R T - 27.67 35.00.
September 26.15 ' 27.44 29,20 31.00
October 19.14 22.49 23.34 25.00
Total .- - 137.36 154.89

Average 19.05 21.03 22.9 25.8

Average Winter Flow = 12.86 x 106 m3/month

Average Summer Flow = 22.20 x 106 m3/month

132



Table A.5. Monthly Discharges of El-Kasaby Pump Station

Discharge in 106 m3/month

Month 1975 1976 1977 1978
November - 31.25  41.72 36.69 33.00.
December 32.65 39.64 .40.72 34.00
January 27.41 19.64 38.34 46.97
February 13.53 33.08 21.92 21.00
March 32.83 39.32 43.61 43.39
April 31.53 36.37 43.04 35.00
Total 169.2 209 .57 224.32 213.36
Average _ 28.2 | 34.9 37.4 35.56
May | 29.97 42.84 33.29 31.29
June 42.12 - 47.3 43.98
July 58.21 - 57.29 44,63 -
August 42.28 n: =, - 57.65 48.00
September 42.85 55.5 65.12 47.00
October 42.5 51.95 52.27 53.00
Total 257.93 - 312.92 267.9
Average 43.0 50.1 52.15 - 44,65

Average Winter Flow = 30.00 x 106 m3/month

-

Average Summer Flow = 47.48 x 106 m3/month
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Table A.6. Monthly Discharges of Bany Ebaid Pump Station

Discharge in 106 m3/month

Month 1975 1976 1977 1978
November 17100 . 16.37 19.64 16.78 * ..
December 17 .34 14,24 7.10 17.95
January 14 .44 12.20 15.69 18.13
February 8.50 14 .44 12.15 9.96
March 19.74 14.74 - 17.99 23.94
April 15.78 14.93 14.47 14.41
Total 92.9" 86.92 87.04 101.17
Average : 15.48 14.49 14.5 16.87
May 18.98 11.7 12.87 15.30
June " 16.50 - 16.25 17.57
July 77,88 - 22.97 26.51
August 26.93 """ - 27.88 25.88
September 21.8 L 21.43 28.43 21.57
October 20.51 18.64 21.82 16.67
Total 130.6 - 130.17 123.5
Average 21.77 17.26 21.7 20.6

Average Winter Flow = 15.34 x 106 m3/month

Average Summer Flow = 20.33 x 106 m3/month
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Table A.7. Monthly Discharges of El-Nejam Pump Station

Discharge in 106 m3/month

Month 1975 1976 1977
November . 7.23 9.00 - 6;31
December . 6.22 7.46 6.58
January 6.63 6.29 8.05
February 5.86 7.76 4.75
March 9.75 9.24 7.26
April T 9.20 © 8.56 9.46
Total . 44.89 48.31 42.41
Average 750 8.05 7.07
May ; 9.00 7.82 8.34
June 7.74 - 8.00
July 12.57 - 12.10
August ™ 10.07 - 10.401
September ) rg;gi 12.4 | 12.20
October 8.06 106 . 10.09
Total 56.75 - -
Average o o 9.46 10.2 _ 10.2

Average Winter Flow = 7.54 x 106 m3/month

Average Summer Flow = 9.95 x 106 m3/month
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Table A.8. Annual Discharge of Bahr Saft Drain

Year 1973 1974 1975 1976
Discharge in .

10 n¥/year - 450 450 450 450
Average

m° /month 37.5 37.5 37.5 39.1

Average Winter Flow = Average Summer Flow = 37.9 x 106 m3/month
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Table A.9. Drainage Water Salinity at Saft Pump Station

Date EC, in mmhos/cm at 25°C
March 19, 1978 1.8
April 5, 1978 , . 1.6
April 22, 1978 1.2
Total 4.6
Average | ‘ 1.53
May 5, 1978 ‘ 1.80
May 17, 1978 o _ 1.30
June 7, 1978; 3.70
June 16, 1978 2.00
July 11, 1978 2.00
July 24, 1978 N 1.40
August 2, 1978 L 1.80
August 15, 1978 ' 1.75
August 31, 1978 | 1.60
September 17, 1978 - 1.85
October 5, 1978 1.7
Total 20.9
Average ) 1.9
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Table A.10. Drainage Water Salinity at El-Genana Pump Station

Date ECy in mmhos/cm at 25°C
January 2, 1977 - . 1.35
January 15, 1977 ' " 0.80
February 2, 1977 2.95
February 27, 1977 3.40
-March 3, 1977 . | 1.67
March 15, 1977 ' 1.46
April 3, 1977 S 1.60
Total ' 13.23
Average ; 1.89
May 15, 1977 - 1.1
June 16, 1977 ne s 1.13

July 3, 1977 o

August 4, 1977 1.33
August 16, 1977 ) : ‘ 1.62
September 3, 1977 0.20
September 16, 1977 ‘ 1.10
September 19, 1977 i 1.40
October 3, 1977 1.19
Total ' 10.29

Average - . 1.143
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A.11. Drainage Water Salinitr at EX. Erza Pump Station_

Date EC., in mmtos/em at 25°C

anuary 2, 1977 2.30
January 15, 1977 1.13
February 2, 1977 4 .86
February 27, 1977 10.00
Marceh 3, 1977 2.62
March 15, 1977 2.45
April 3, 1977 2.90
Total 26.26
Averzge 3.75
Yay 8, 1977 c.70
May 15, 1977 1.90
June 16, 1977 ; 1.65

‘o

July 3, 1977 3 2.23
bugust 4, 1977 2.67
September 3, 1977 1.80
Cctober 3, 1977 1.30
Cctoter 20, 1577 1.05
Total 13.30C
Average 1.66



Table AL12. Drainac- Vater

March 19, 1673
April 5, 1978
April 24, 1978

Total

Average

Hay 5, 1973
May 17, 1978

June 7, 1978

(]

Junz 10, 1978
Julv 11, 19783

Totnl

Averacgce

140

-

Salinftv at Maip izabv Pomp

-

o .
so2blon

ECy_in muhes!

/
cTh

at 25°

C

2.

4.
17.

3.

20

.40

.85

.90

.70

.90

30

65

53



Table A.13. Drainage Water Salinity at El-Pasaby Pump Station

Date EC,_in mmhos/cm at 25°C
July 24, 1978 o 2.35

August 2, 1978 | 3.00

August 15, 1978 2.85

August 31, 1978 - 1.60
September 17, 1978 - 3.35

October 5, 1978 3.25

Total o 16.35

Average ‘ 2.725

~
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Table A.14. Drainage Water Salinity at Bay Ebid Pump Station

Date
January 2, 1977
January 15, 1977
February 2, 1977
February 27, 1977
March 3, 1977
February 15, 1977
April 3, 1977
Total

Average

May 8, 1977

May 15, 1977

June 16, 1977
July 3, 1977

July 19, 1977
August 4, 1977
August 16, 1977
September 3, 1977
September 16, 1977
October 3, 1977
October 20, 1977

Total

Average

142

EC,, in mmhos/cm at 25°C

1.50
1.57
4.13
8.65
2.75
1.47
3.20

23.27

3.32

0.40
2.20
2.11
2.93
2.30
3.00
2.22
- 2.30
1.90
1.60
4.70
25.66

2.33



Table A.15. Drainage Water Salinity at El-Negam Pump Station

Date
November 2, 1977
November 23, 1977 .

Total

Average

May 8, 1977

May 15, 1977
August 4,'1977
“August 16, 197?
éeptember 3, 1977«
September 16, 1977
October 3, 1977
October 20, 1977

Total

Average

-

ECy in mmhos/cm at 25°C

1.50
2.40
3.90

1.95

.63
1.20
2.00
1.30
1.20
1.44
© 2.00
10.74

1.34
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Table A.16. Drainage Water Salinity at Bahr Saft Drain

Date

March 19, 1978
April 5, 1978
April 22, 1978

Total

Average

May 5, 1978
May 17, 1978
June 7, 1978

June 16, 1978

July 11, 1978 <

July 24, 1978 .
August 2, 1978
August 13, 1978
August 15, 1978
September 17, 1978
October 5, 1978

Total

Average

¢ ne 1
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EC,, in mmhos/cm at 25°C
1;80
1.60
1.20
4.60

1.53

1.70
1.30
1.65
2.00
2.00
1.40
©1.90
.1.60
1.80
1.85
1.70
18.9

1.72



Table A.17. Monthly Discharges of Bahr El-Baker Pump Station

Discharges
Month 106 m3/§enth 1976 1977 lilé'
November - 34.80 39.00 38.70
December 32.90 36.00 12.00
January 63.60 54.00 38.70
February 33.00 15.00 21.00
March 39.00 © 39.60 36.48
April : ' 39.00 30.00 38.70
Total 242.3 213.6 185.58
Average i 40.40 35.60 30.93
. May 39.00 38.88 34.20
June 38.70 42.00 28.50
~
July ) | 38.88 31.62 38.70
August . Jsé.ss 38.80 38.70
September 38.88 38.80 ' 38.70
October 39.00 38.70 34,50
Total . 233.34 228.8 213.3
Average 38.90 38.13 35.55

Average Winter Flow = 35.64 x 106 mj/month = 13.75 m3/sec

Average Summer Flow = 37.53 x lO6 m3/month = 14.48 m3/sec
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Table A.18. Drainage Water Salinity at Bahr El-Baker Pumping Station

Date EC,, in mmhos/cm at ZSfC
March 19, 1978 , ©oel )
April 5, 1978 .31

April 22, 1978 2.45

Total 3.37

Average - ] 1.12

May 5, 1978 - .80

May 17, 1978 2.50

June 7, 1978‘ 2.00

June 16, 1978 . .65

July 11, 1978 X, . 2.60

July 24, 1978 . S R T 2.00 )
August 2, 1978 b £ 2.10

August 13, 1978 i.SO

August 15, 1978 ; 1.85

September 17, 1978 2.10

October 5, 1978 1.50

Total ‘ 19.60

Average 1.78
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Table A.19.

Monthly Discharges of Bahr El-Bakar Sub-Drain

Discharges
106 m3/month

Month

November
December
January
February
March
April
Total
Average
May

June
July
August
September
October

Total

Average

Average Winter Flow

1976

Pt

99.00

105.00

89.40

87.00
. 90.00
84.00
554.40
192,40
84.00
84.00
81.00

. 4.99.00
115.50

101.70

565.20

94.20

97.5 x 106 m3/month = 37.6 m3/sec.

1977

105.
108.00
90.
84.

84.

81

552.

92.

87

60.

75.

90

90.
75.
477.

79.

00 .

00

00

00

.00

00

00

.00

00

60

.08

08

00

76

63

1978
117.00
114.00
108 .00

96.00

99.00
115.50
649.50
108.17
110.10
117.00
120.00
120.00
120.00
123.00
710.1

118.35

Average Summer Flow = 97.4 x 106 m3/month = 37.58 m3/sec~
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Table A.20. Drainage Water Salinity at Bahr El-Bakar Sub-Drain

Date EC., in mmhos/cm at 25°C
March 19, 1978 - _1.10
April 5, 1978 ' , 1,20
April 22, 1978 1.30
Total 3.6
Average ‘ . 1.2
May 5, 1978 R _ 1.30
May 17, 1978 1.20
June 7, 1978; 1.40
June 16, 1978 . 1.20
July 11, 1978 - 1.60
July 24, 1978 . S s 1.12
August 2, 1978 N S l.20
August 13, 1978 '0.75
August 15, 1978 » : ' 1.00
September 17, 1978 | 0.80
October 5, 1978 | 1.10
Total * ‘ 12.67
Average :1.15
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Table A.21. Monthly Discharges of Lower Sarn Pumping Station

Discharges
Month 108 m3/month 1975 1976 1977 1978
November - 43.05 50.79 - 39.27 ._;_‘
December ~ 33.39 42.41 13.62 -
January 34.39 26.825 35.58 38.25
February 19.05 36.99 23.22 21.11
March . 45.58 114.56 45.19 42.94
aApril 41.63 38.89 38.64 38.64
Total C L 217.09 - 195.52 -
Average 36.12 35.1 32.59 35.24
May ‘ 47.51 55.67 58.55 54.39
June 44.03 - 49.15 56.84
July ~ 57.63 - 64 .80 17.87
August L n53.46 - 68.23 -
September '50.4 73.77 . 67.39 -
October 42.48 © 53.55 49.76 -
Total . 295.51 - 357.88 -

Average 49.25 61.00 59.64 - 43.03

Average Winter Flow = 34.8 x 106 m3/month = 13.4 m3/sec.

Average Summer Flow = 53.2 x 106 m3/month = 20.5 m3/sec.
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Table A.22. Drainage Water Salinity at Lower Sarn Pump Station

Date ECy_in mmhos/cm at 25°C
January 15, 1977 ) 1.10
February 2, 1977 ' T 1.56
February 11, 1977 2.00
March 3, 1977 2.27
March 15, 1977 ., 1.00
April 3, 1977 | | ' 1.70
Total R 8.63
Average 1.605
May 15, 1977 0.78
September 16, l§77‘( 1.80
October 3, 1977 h Che 1.35
October 20, 1977 ’ | 1.00
Total 4.93

Average 1.23
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Table A.23. Monthly Discharges of Fauskour Pump Station

Discharges
Month 100 m3/month

November ;
December

January

February

March "
April

Total

Average

May

June

July >
August

September

October

Total

Average

1975

17.
12.

10.

7

9.

9

- 66.
11.
14.
14.

26.

i

26.

19.
130.

21.

"28.

55
43

59

.20

23

.46

46

08

76

71

77

21

56

47

48

75

151

1976

17.55

13.36
9.38

12.01

-10.32

12.54
75.16
12.53

20.66

32.99

20.77

24.80

1977
20.61

15.63

9.€9

9.61
12.38
13.01
71.32
13.49
22.7
28.0
34.34
35.61
38.66
25.22

184 .53

30.76

12.65

17.12

30.46



Table A.24. Drainage Water Salinity at Farskour Pump Station

Date
January 1977

Februéry 1977

February 1977

March 1977

March 1977 : -
April 1977

Total

Average

September 1977

-October 1977 N

October 1977 . BLORE

Total

Average

152

EC,, in mmhos/cm at 25°C

.84

.72
1.64
1.43
1.50
1.70
7.83

1.30

1.45

1.40

2.00
4.9

1.63
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Table B.1

Existing Capacity New Capacity Bed Width Water Depth Winter Flow Summer Flow Cost
p y p

Canal Length (km) (m3/sec.) m~ /sec.) b (m) “y(m) (m3/sec.) (m3/sec.) 106 L.E.
1-27 - - i, i} _ - _ i
3-27 7.0 - 1.34 6 1. .58 1.34 1.19
34 13 . 35.8 2.2 3.6 29.8 358 6.73
2-4 .5 - . 174 ¢ 1.6 2.7 11.46 17.4 )
4-5 10. - 52.7 2.5 4,2 40.8 52.7 6.
5-6 3 o s b 2.4 3.9 37.3 . 45.4 1.7
5-28 7.5 - 8.8 1.2 2.0 3.1 8.8 2.42
7-18 35 37.2 39.8 2.2 3.7 6. 7.6 4.94
6-9 20 - 45.2 2.4 3.9 37.2 45.2 16.3
8-9 - - 77.9 : * 77.9 77.9 9.44
9-30 7.5 - 48.6 2.4 4. 26.8 ' - 48.6 4.36
30-31  8.75 - T 1.5 2.4 14.1 11.4 3.3
9-10 3.5 - 91.5 3.1 5.2 91.5 73.7 2.63
10-29 2 - R 1.3 2.1 4.1 9.5 .67
10-11 3 - 87 3.1 5.1 87. 63.9 2.2
11-57 5.0 - 20,2+ 1.7 2.8 9.5 . 20.2 2.1

11-12 30 - 77 .3 2.9 4.8 77.3 ' 43.5 »20.95



SCT

Table B.1l (continued)

Existing Capacity WNew Capacity Bed Width Water Depth Winter Flow Summer Flow Cost

Canal Length (km) (m3/sec.) (m3/sec.) b(m) ~y(m) (m”/sec.) (m3/sec.) 106 L.E.
18-39 4.0 - 3.2 .8 1.4 3.2 - .83
40-39 - - - - - - - -
41-40 - - - - F - - L -
42-41 - - } =y - - - - -
43-42  12.5 - - 2.2 .7 .12 2.2 - 2.34
44-43 12 - | 4.3 9 1.5 4.3 - 2.76
45-44 - - S . - - - .
45-46 20 - 3.3 .8 1.4 3.3 - 4.2
47-45 24 - 6.6 1.1 1.8 - 6.6 - 6.67
47-48 6 : - | 2.7 .8 1.3 2.7 - 1.18
25-47 40 - 12.5 1.4 2.3 12.5 .12.5 14.64
25-61 - - ~ - - - - - -
25-49 5 - 5.4 1.0 1.7 5.4 5.4 1.26
49-50 15 | - 12.8 1.5 2.4 7.6  12.8 5.5
21-75 36 - 18.6 1.6 2.7 18.6 . 18.6 14.9
20-21 - 30 : 49 89.4. - 3.1 5.1 40.4 . 40.4 14.9

19-20 45 104 209.4 4.4 7.2 53.6- '~ 105.4 42.6
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Table B.1 (continued)

Existing Capacity New gapacity' Bed Width Water Depth Winter Flow Summer Flow Cost

Canal Length (km) (m3/sec.) (m°/sec.) b (m) ~y(m) (m3/sec.) (m3/sec.) 106 L.E,
20-51 10 - 60.2 2.7 44 10.8 60.2 6.3
21-22 3 24 447 2.4 3.9 20.7 20.7 1.

- 22-52 3 - 6.8 1.1 1.8 Az.i 6.8 .85
22-23 15 o 29.4 2.0 3.3 18.4 13.8 5.2
23-53 0 5 - } 2.7 ., .8 1.3 2.7 2.7 .99
53-54 5 ' - 1 ) s 9 , 1.1 . .82
23-24 60 - 15.5 ° 1.5 2.5 15.5 10.9 23.38
24-55 60 - - 4.6 1.0 1.6 4.6 46 14.2
24-56 90 - | 10 1.3 2.1 10 5.7 31.3
57-58 - - - - - R - - -
26-57 - - - - - - - -
26-58 10 ' - 16.8 1.6 2.6 16.8 - 16.8 4
58-59  15. - 9.6 1.3 2.1 9.6 - 5.09
26-59 - - - - - - - -
26-60 7 - 25.4 1.9 3.1 7.6 25.4 3.2
58-60 - - - - - - - -
60-59 - - | - - - - - -
26-61 15 - 9.9 1.3 2.1 9.9 9.9 5.18

| 1.8 6.5 - 4.13

61-62 15 ‘ - 6.5 1.1 .



LST

Table B.2

Existing Capacity New gapacity‘ Bed Width Water Depth' Winter Flow Summer Flow Cost
/

Canal Length (km) (m3/sec.) (m?/sec,) b (m) v (m) (m3jsec.) .¥jm3/sec.) 106 L.E.
1-27 8. - , 1.2 .5 .9 1.2 1.2 1.33
3-27 - - - - - - - -
3-4 13. - 33.9 2.1 - 3.5 30.4 33.9 6.6
2-4 .5 - 16.5 1.6 2.6 11.7 T .2
5 10 | - g 5. 7 2.4 4.0 41.6 50.0 5.88
5-6 3. | - 42,67 2.3 3.8 TR 42.6 1.66
5-28 7.5 - 6.8° 1.1 1.8 3.1 6.8 2.13
7-28 35 32.2 39.8 2.2 3.7 6.0 7.6 4.8
6-9 20 - 42.5 2.3 3.8 38.0 42.5 15.85
8-9 - % - 33.1 - - 33.1 24,4 5.35
9-30 7.5 - 14.6 1.5 2.5 14.6 14.6 2.87
30-31 8.75 - 7.1 1.2 1.9 7.1 ’f T 4.1 2.54
9-10 3.5 - ' 55.8 2.5 4.2 55.8 51.4 2.14
10-29 2. | - 8.3 1.2 2.0 2.1 8.3 .6
10-11 3. - 53.4 2.5 4.2 53.4 43 1.8
11-57 - | - - - - - - -
11-12  30. | - 533 ' 2.5 4.2 53.3 42,7 18.06
12-32  12. S 17.8 1.6 2.7 17.8 17.8 4.9 -
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Existfing Capacity

Table B.2 (continued)

New Capacity Bed Width Water Depth

Winter Flow Summer Flow Cost

18-39

Canal Length (km) (m” /sec.) (m3/sec.) b (m) . - y(m) (m3 /sec.) (m3/sec.) 100 L.E.
12-13 20. - 35.3 2.1 3.5 35.3 24.8 10.3
13-33 2.5 - 24.3 1.2 1.9 7.8 24.3 1.47
13-44 - - - - - - - -
13-14 12 - 26.8 1.9 3.2 26.8 . 5.61
16-34 2.5 - 6.5 Y11 1.8 6.5 - .69
14-43 - - - e - - , - - -
14-15 12.5 - 20 1.7 2.8 20. - 5.3
15-35 5. - 7.9 1.2 1.9 7.9 - 1.52
15-42 - - - - - - - -
15-16 12.5 - 11.9 1.4 2.3 11.9 - 4.4
16-36 1 - 3.9 .9 1.5 3.9 - .22
16-41 - - - - - - - -
16-17 10. - 7.9 1.2 1.9 7.9 - 3.04
17-37 1 - &b .9 1.5 4.b - .23
17-40 - - - - - - - -
17-18 16.. - 3.3 .8 1. 3.3 - 3.36
18-38 1. - 3.75 .8 1.4 3.75 = .208



oST

Table B.2 (continued)

Can Exiat%ng Capacity New Capacity Bed Width Water Depth Winter Flow Sumger Flow gost
al Length (km) /sec.) (m3/sec.) b(m) y (m) (m3/sec.) (m’/sec.) 10° L.E.
40-39 16. - 3.3 .8 1.4 3.3 - 3.35
41-40 10. - 5.5 1.0 1.7 5.5 - 2.55
42-41 12.5 - 7.7 1.2 1.9 7.7 - 3.75
43-42 12.5 - 10, 1.2 2.0 10. - 4.33
44-43 12. - 12.1 ’ 1.4 2.3 12.1 - 4.35
45-44 36. - 14.8 1.5 2. 14.8 7 13.83
45-46 20. - 3.3 .8 1.4 3.3 - 4.2
47-45 24, - 21.8 1.8 2.9 21.8 13.1 10.47
47-48 6. - 2.7 .8 1.3 2.7 2.7 1.18
25-47 40. - 28.3 1.9 3.2 28.3 27.4 19.1
- 25-61 3. - - - - - - -
25-49 5. - " 5.4 1.0 1.7 5.4 5.4 1.26
49-50 15. - 3.0 1.8 1.3 3.0 3.0 3.05
21-25 36. - 35 2.1 3.5 35 35. 18.5
20-21 30. .49 108 3.3 5.5 59 59 20.54
19-20 45, 104 266.6 5.7 9.3 859 ©162.6 61.5
20-51 10. - 95.3 3.2 5.3 22 25.3 7.63
21-22 3. 24 47.25 2.4 4.0 23.75 23.75  1.04



091

Table B.2 (continued)

Existing Capacity New Capacity Beé Width Water Depth Winter Flow Summer Flow Cost
Canal Length (km) (m3/sec.) (m°/sec.) b (m) ~y(m) (m3/sec.) (m3/sec.) 106 L.E.
22-52 3. - 6.7 1.1 1.8 4.4 6.7 .84
22-23  15. 11 39.8 2.2 3.7 18.8 16.4 2.23
23-53 5. - 3. 8 - 1.3 3. 3. 7.45
53-54 5. - - - - - - -
23-24  60. - 15.5 7 1.5 2.5 15.5 13.1 23.38
24-55 60, - 4.85 1.0 1.6 4.55 4.55 14.13
24-56  90. - 0.7 1.3 2.1 10. 7.8 31.27
57-58 - - - - - - - -
26-57  10. - 7.2 1.2 1.9 7.2 7.2 2.9
26-58  10. - 17.5 1.6 2.7 17.5 16. 4.06
58-59 . 15. - 10. 1.3 2.1 10. 8.5 5.2
26-59 - - - - - - - -
26-60 7. - 121 1.4 2.3 2.9 12.1 2.54
58-60 - - - - - - - -
60-59  15. - - - - - - -
26-61  15. - 16.75 1.6 2.6 16.75 16.75 6.0
61-62  15. - 10. 2.1 10. 8.4 5.2
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Table B.3

Existing Capacity New Capacity Bed Width Water Depth Winter Flow Summer Flow Cost

Canal Length (km) (m3/sec.) (m3/sec.) b(m) y(m) (m3/sec.) _(m3/sec.) 106 L.E.
1-27 8 - 1.2 .5 .9 1.2 1.2 1.33
3.27 - - - - - - - -
3-4 13. - 30.35 2.0 - 3.3 30.35 29.4 6.35
2-4 .5 - 14.2 1.5 2.5 11.7 " 4.2 .19
4-5 10. - B .8 7 2.3 3.8 41.6 43.4 5.56
5-6 3. - 38.1; 2.2 a6 . 38.1 1.6
5-28 7.5 - 48 1.0 1.6 3.1 " 4.8 1.8
7-28 35, 32.2 39.8 2.2 3.7 6.0 7.6 4.8
6-9 20 - 38 2.2 3.6 38, 18, 15.0
8-9 * - 11.5 1.4 2.3 1L.5 7.5 2.6
9-30 7.5 - 6.1 1.1 1.8 6.1 6.1 2.0
30-31 - - - - - - - -
9-10 3.5 - 42.5 2.3 3.8 42.5 38.5 1.93
10-29 2. - 8.3 1.2 2.0 - 8.3 .625
10-11 3, - 42.3 2.3 3.8 42.3 30.1 1.65
11-57 - - - - - - - -
11-12  30. - 47.2 ' 2.3 3.8 42.2 L 3. 16.5
12-32  12. , - 16.7 1.6 2.6 16.7 " 16.7 " 4.80
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Table B.3 (continued)

Existing Capacity New Capacity Bed.Width Water Depth Winter Flow Summer Flow Cost

Canal Length (km) (m3/sec.) (m3/sec.) b (m) y (m) (m3/sec.) (m3/sec.) 106 L.E.
12-13 20 - 25.4 1.9 3.1 25.4 13.3 9.18
13-33 2.5 - 13 1.5 2.4 7.3 13 .92
13-44 - - - - - - - - ~
13-14 12 - 17.5 1.6 2.7 17.5 S 4.87
14-34 2.5 - ’ o1 U 1 s 6. - .67
14-43 - .- : - s - - - | - -
14-15 12.5 - 1m.2 1.3 2.2 11.2 - 4 .44
15-35 5 - 7.4 1.2 1.9 7.4 - 1.47
15-42 - - - - - - - -
15-16 12.5 - 3.7 .8 1.4 | 3.7 - 2.72
16-36 - 1 - 3.6 .8 1.4 3.6 , ~ .21
16-41 - - - - . - B -
16-17 10 - - - - - - -
17-37 1 - - - - - | - -
17-40 - - - - - - - -

- 17-18 16 , - | - - - - . -

18-38 1 - : - - - - .- -



€9T

Table B.3 (continued)

Existing Capacity New Capacity Bed Width Water Depth Winter Flow Summer Flow Cost

Canal Length (km) (m3/sec.) (m3/sec.) b (m) y (m) (m3/sec.) (m3/sec.) 106 L.E.
18-39 - - |
£0-39 16 - 3.3 .8 1.4 3.3 - 3.36
41-40 10 - 5.5 1.0 1.7 5.45 - 2.54
C42-41  12.5 - 7.7 1.2 1.9 R T 3.75
43-42  12.5 - 100 7 1.3 2.1 10 - 4.34
W43 12 ' - | 12.1 1.4 2.3 12.1 - 4.35
45-44 36 - ~ia::ta 1.5 2.5 14.8 : - 13.8
45-46 20 - 3.3 .8 1.4 3.3 - 4.2
47-45 24 - 21.8 1.8 2.9 21.8 - 10.47
47-48 6 - 2.7 0.8 1.3 2.7 2.7 1.18
25-47 40 - 28.3 1.9 3.2 28.3 28.3 19.07
25-61 3 - . 10.7 1.3 2.2 10,7 10.7 1.05
25-49 5 - 5.4 1.0 1.7 5.4 5.4 1.26
49-50 15 - 3.0 .8 1.3 3.0 3.0 3.05
21-25 36 - 46 2.4 3.9 46 46 20.48
20-21 30 49 122 3.5 5.8 73 | 73 24.55
19-20 45 104 266.6' 4.8 7.9 99.65 :  162.6 61.5

20-51 10 - 87.3 3.0 5 22.2 ©82.3 - 71:17
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Table B.3 (continued)

Existing Capacity New Capacity Bed Width Water Depth Winter Flow Summer Flow

Canal Length (km) (m3/sec.) (m3/sec.) b(m) y (m) (m3/sec.) (m3/sec.) 1ogoifn.
21-22 3 24 48.8 2.4 4 24,8 24.8 1.77
22-52 3 - 4.5 1.0 1.6 4.5 4.5 .7
22-23 15 11 31.2 2.0 .. 3.4 20.2 20.2 5.67
23-53 5 - 4.4 .9 1.5 4.4 4 1.16
53-54 5 - 110 7 .5 <9 1.1 1.1 .82
23-24 60 - 15.5 - 1.5 2.5 15.5 15.5 23.38
24-55 60 - 4?555 1.0 1.6 4.55 4.55 14.13
24-56 90 - 10 1.3 2.1 10 10 31.27
57-58 - - - - - - - -
26-58 10 - 7 1.2 1.9 7 7 2.86
58-59 10 - - - - - - -
26-59 | - - - - - - -
26-60 7 - 4.5 2.1 3.5 33.8 34.5 3.58
58-60 7 - = - - - - -
60-59 15 - 16.6 1.6 2.6 9.5 16.6 6
26-57 15 - 5 1.0 1.6 5 5 3.67
26-61 15 - 5.4 1.0 1.7 5.4 5.4 3.8
61-62 15 - 10 1.3 2.1 10 8.4 . 5.2



Table B.4

Sub-area
No.

27
28
29
30
31
32
33
3
35
36
37
38
39
40
41
42
43
44
45
46
47
48
49
50
51
52
53.
54
55
56

Areas of Winter Crops

Short Season
Clover Wheat

Veg.

Barley Beans

Long Season
Clover

5,517
20,770
50,000
78,563 )
60,000

59,850
30,000
40,000
25,000

;7

165

.*5,500
29,000

56,437

50,000
150

30,000
. 20,000
20,000
20,000
20,000
20,000
30,000
30,000
25,000
25,000
50,000
70,000
100,000
20,000
15,000
10,000
40,000
85,000

9,483
29,230



Table B.4 (continued)

Sub—-area
No.

57
58
59
60
61
62

Areas of Winter Crops

Short Season

Clover

Long Seasoﬁ

Wheat Veg. Barley Beans Clover
) 40,000
30,000
40,000 }
32,000
30,000
12,850 27,150

166



Table B.4 (continued)

Sub-area
No.

27
28
29
30
3l
32
33
34
35
36
37
38
39
40
41
42
43
44
45
46
47
48
49
50
51 .
52
33
54
55
56

Areas of Summer Crops

Cotton Maize Rice Melon Veg.
) 5,500
- 29,000
5,517 9,483
20,770 29,230
50,000
78,563 10,313
B 7,284
- X - - - -
- " - - -
- - - - -
11,661
- - - - 24,541
37,425
47,637 48,397
20,000
12,290
19,633

167



Table B.4 (continued)

Areas of Summer Crops

Sub-area
No. Cotton Maize Rice Melon Veg.
57 . 10,191 15,559 - 23,888 -
58 20,333 9,667
59 - - - - -
60 12,400 19,600
61 3,900 26,100
62 - - - -

¢

168



Table B.5

Sub-area Areas of Winter Crops

No. Short Season Long-Season
Clover Wheat Veg. Barley Beans Clover

27 - "~ 5,500
28 | 29,000
29 15,000
30 42,279 7,721
31 | ) 50,000
32 ) : 135,000
33 60,000
34 K 50,000
35 : 60,000
36 : 30,000
37 40,000
38 25,000
39 30,000
40 > 20,000
41 N TS 20,000
42 ! 29,000
43 20,000
44 . 20,000
45 . 20,000
46 30,000
47 ' 25,000
48 25,000
49 : 50,000
50 70,000
51 3,841 : 96,159
52 20,000
53 . 3,191 11,808
54 | 10,000
55 40,000

169



Table B.5 (continued)

Areas of Winter Crops

Sub-area -

No. Short Season ’ Long~Season
Clover Wheat Veg. Barley Beans Clover

56 g ' - 85,000

57 16,478 23,522

58 28,684 1,316

59 40,000

60 25,847 6,153

61 - ) 30,000

62 40,000

170



Table B.5 (continued)

Sub-area
No.

27
28
29
30
31
32
33
34
35
36
37
38
39

. 40
41
42
43
44
45
46
47
48
49
50
51
52
53
54
55
56

Areas of Summer Crops
Cotton Maize Rice Melon Veg.
5,500
29,000
13,293
. 16,145
22,271
RN - - - -
L A
!
20,000
26,509
6,253 18,745
24,541
37,425
3,841 89,416 6,743
' 20,000
13,915
19,633

171



Table B.5 (continued)

Areas of Summer Crops

Sub-area
No. Cotton Maize Rice Melon Veg.
57 16,478 12,925
58 28,684 1,316
59 40,000
60 25,847 6,153
61 30,000
62 40,000 -~

172



Table B.6

Areas of Winter Crops

Sub-area
No. Short Season Long Season
Clover Wheat Veg. Barley Beans Clover
27 . . 5,500 .
28 29,000
29 521
30 - 50,000
31 - - - - - -
32 N . 135,000
33 60,000
34 ; 50,000
35 o 60,000
36 . 30,000
37 - - - - - -
38 - - - - - -
39 30,000
40 . 20,000
41 R, 20,000
42 . 20,000
43 20,000
44 20,000
45 , 30,000
46 ' 30,000
47 _ 25,000
48 25,000
49 , 50,000
50 70,000
51 26,003 4 73,997
52 16,879 3,121
53 10,887 4,113
54 _ 10,000
55 40,000

173



Table B.6 (continued)

Sub~area
No.

56
57
58
59
60
61
62

Areas of Winter Crops

Short Season

Long Season

Clover Wheat Veg. Barley Beans Clover
- 85,000
1,288 38,712
29,130 870
30,664 9,336
32,000
25,913 4,088
40,000

/
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Table B.6 (continued)

.

Areas of Summer Crops
Sub-area

No.

Cotton Maize Rice Melon Veg.

27 N 5,500
28 23,055 5,945
29 - -
30 17,330
31 - -

32 54,370 2,181

33 ' 36,861
34 - -

35 - -
36 = -
37 - -
.38 - '_ - -
39 - - -
40 - oo -
41 ~ S
42 - _
43 - -

44 - - -

45 - - -

46 : - - -

47 e 23,434 1,566
48 ' 12,271
49 ' 24,541

50 ‘ 6,605 17,683
51 26,003 : 27,997 '

52 16,879 ' 3,121

53 10,887 " 295 . 3,819

s : -~ 4,908

55 19,633

56 . : 41,720
175



Table B.6 (continued)

Areas of Summer’Crops

Sub-area A —

No. Cotton Maize Rice Melon Veg.
57 1,288 13,509

58 29,130 ' 870 )

59 30,664 9,336

60 32,000

61 1,292 28,708
62 40,000

176
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Table B.7

Length Existing Capacity New Capacity Bed Width Water Depth Winter Flow Summer Flow Cost

Canal in Kg (m3/sec.) (m3/sec.) b(m) y(m) (m3/sec.) (m3/sec.) 109 L.E.
1-27 8 - 5.7 1.2 2 1.3 5.7 2
3-27 - - - - - - - -
-4 13 - 37.15 2.2 3.5 30.35 37.15 6.8
2- 4 5 - L19.2 . 417 2.75 11.7 19.2 .21
4-5 10 - 559 - 2.6 4.25 "41.6 55.9 6.1
5-6 3 - 46.6 " o 2.5 4.0 38.4 46.6 1.7
5-28 7.5 - 8.7 , 1.2 2.0 2.8 8.7 2.4
7-28  35.0 32.2 39.8 2.2 3.7 6.0 7.6 4.94
6-9 20 . - 46.4 2.5 4.0 ©38.3 46.4 16.47
8-9 - - 80 - - 68.85 80 9.45
9-30 7.5 - 25.6 2.0 3.25 18.4 25.6 3.45

30-31  8.75 - 15 1.5 2 5.4 15 337
9-10 3.5 - 99.9 - 3.3 5.50 88 99.9 2.6

10-29 2 - 11.3 1.7 2.75 1.6 11.3 .71

10-11 3 - 88.2 3.2 5.25 86 88.2 2.2

11-57 - | - _ - - - - - -

11-12 30 - 87.9 3.2 5.25 85.8 ' 87.9 22.10 .
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Table B.7 (continued)

Length Existing Capacity New Capacity Bed Width Water Depth Winter Flow Summer Flow Cost
Canal 1in Kpg (m3/sec.) (m3/sec.) b (m) y(m) (m3/sec.) (m3/sec.) 10 L.E.
12-32 12 - 35.1 2.2 3.50 35.1 28.4 6.10
12-13 20 - 59.2 2.8 .. 4.50 50.4 59.2 12.5
13-33 2.5 - 15.1 1.5 2.50 15.1 2.7 .96
13-44 = - - - - - - -
13-14 12 - 45.4 2.5 4.0 "34.3 45.4 6.8
14-34 2.5 - 13.7 ' 1.5 2.5 5.8 13.7 .94
14-43 - - - - - - - -
14-15 12.5 - 31.1 2.25 3.5 28.1 31.1 6.16
15-35 5 - 16.5 1.7 2.75 6.4 16.5 2.0
15-42 - - - - - - - -
15-16 12.5 - 21.4, 1.8 3.0 21.4 i4:2 5.4
16-36 1 - f.75 1.2 2.0 3 7.75 .30
16-41 - - - - - - - -
16-17 10 - 18.1 1.7 2.75 18.1 6.3 4.1
17-371 1 - 15.4 1.5 2.50 15.4 . .38
17-40 - - - ‘ - - - - -
17-18 16 - 6.2 1.1 1.75 2.5 6.2 4¢3 -
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Table B.7 (continued)

Length  Existing Capacity New Capacity Bed Width Water Depth Winter Flow Summer Flow Cost

.Canal of Kpg (m3/sec.) (m3/sec.) b (m) y (m) (m3/sec.) (m3fsec.) 105 L.E.
18-38 1 - 6.1 1.1 1.75 2.5 6.1 .25
18-39 - - - - - - - -
40-39 16 - 6.3 1.1 1.75 6.3 . 6.3 4.3
41-40 10 - 5 10.9 . # 1.4 2.25, 9.8 10.9 3.5
42-41  12.5 - , 16.0 1.7 2.75 ' 14,9 16.0 4.9
43-42  12.5 - 21.7 i 1.8 3.0 17.3 21.2 5.4
44-43 12 - 26 2.0 3.25 19.5 26 5.55
45-44 36 - 34 2.2 3.50 22.4 34 18.30
45-46 20 - 7.5 1.2 2.0 © 3.3 7.5 5.9
47-45 24 - 57.6 2.6 - 4.25 29.6 52.6 14.30
47-48 6 - 6.1 1.1 1.75 2.7 6.1 1.5
25-47 40 - 67.6 2.9 4.5 36.4 67.6 26.4
25-61 3 . - 1 6 1 1 - .48
25-49 5 - 12.3 1.5 2.5 5.9 12.3 1.8
49-50 15 - 8.5 1.2 2.0 3.1 . 8.5 4.75
21-25 36 - . 83 . - 3.0 5.0 4.5 8.3 25.9

20-21 30 49 179 4.1 6.8 88 130 38 .
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Table B.7 (continued)

Length  Existing Capacity New Capacity Bed Width Water Depth Winter Flow Summer Flow Cost
Canal 1in Kpg (m3/sec.) (m3/sec.) b (m) y (m) (m3/sec.) (m3/sec.) 109 L.E.
19-20 45 104 266.6 4.8 7.9 115.4 162.6 61.5
20-51 10 - 24.7 1.8 3.0 22 24.7 4.5
21-22 3 24 67.7 2.8 4.6 40.6 43.7 1.84
22-52 3 - 6.8 1.25 2.0 4.3 6l8 .85
22-23 15 | 11 47.8 ’ ’ 2.4 4 | ’ 36.1 36.8 9.1
23-53 S - 6.1 = 1.1 1.75 5.5 6.1 1.6
53-54 5 - 2.5 .75 1.25 2.2 ©2.45 .96
23-24 66 - 30 2.2 3.5 30 30 | 29.2
24-55 60 - 8.8 1.2 2,0 8.8 8.8 19.3
24-56 90 - 19.4 1.7 2.75 19.4 19.4 37.85
57-58 - - - - - - - -
26-57 10 - 1378 1.5 2.5 5.6 .£3.2 3.7
26-58 10 - 6.75 1.2 2.0 6.75 6.75 2.8
58-59 - - - - - - - -
26-59 - - - - - - - -
26-60 7 - 27.6 2 3.25 27.6 6.7 3.3

58-60
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Table B.7 (continued)

Length  Existing Capacity New Capacity Bed Width Water Depth Winter Flow Summer Flow Cost
Canal 1in Kpg (m3/sec.) (m3/sec.) b (m) y(m) (m3/sec.) (m3/sec.) 106 1.E.
60-59 15 - 13.3 1.5 2.5 6.2 13.3 5.6
26-61 15 - 25.4 1.8 3.0 11.4 25.4 6.9
61-62 15 - 9 1.2 2.0 9 g 4.9



Table B.8

Areas of Winter Crops
Sub-area

No. Short Season Long Season
Clover Wheat Veg. Barley Beans Clover

27 5,500

28 | . 29,000
29 15,000
30 50,000

31 - 50,000
32 135,000 '

33 57,720 2,280

34 " 50,000

35 23,239 36,761
36 : 30,000
37 | 40,000

38 25,000
39 25,875 4,125

N

40 10.387 9,613
41 L . 20,000
42 ! 20,000
43 20,000
44 20,000
45 © 10,000 30,000
46 30,000
47 ‘ 25,000
48 25,000
49 ‘ 4,350 45,650
50 70,000

51 : 100, 000

52 _ 20,000

53 15,000

54 10, 000

55 34,500 5,500
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Table B.8 (continued)

Sub~-area
No.

56
57
58

59
60
61
62

Areas of Winter Crops

Short Season

Long Season

Clover Wheat Veg. Barley Beans Clover
73,312 .* 11,688 -
1,287 38,713

25,000 5,000
12,335 27,665
32,000
30,000
33,333 6,667

s
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Table B.8 (continued)

Areas of Summer Crops

Sub-area
No. Cotton Maize Rice Melon Veg.
27 . : 5,500 .
28 29,000
29 15,000
30 25,000 25,000
31 10,000 40,000
32 135,000 -
33 57,720 2,280
34 ‘. 50,000
35 ' 60,000
36 _ 14,150 15,850
37 ‘ 40,000
38 25,000
39 25,875 4,125
40 10,38%. 9,613
41 20,000
42 ) 20,000
43 20,000 .
44 20,000
45 40,000
46 30,000
47 25,000
48 25,000
49 50,000
50 70,000
51 _ 100,000
52 20,000
53 15,000
54 10,000
55 34,500 5,500

184



Table B.8 (continued) *

Areds of Summer Crops

Sub-area
No. Cotton Maize Rice Melon Veg.
56 73,312 11,688 _
57 1,287 22,808 15,905
58 25,000 5,000
59 12,335 24,764 2,901
60 32,000
61 . 8,479 21,521
62 33,333 6,667 ”

185
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TABLE B.9

Existing New .

Capacity Cagacity Bed Width  Water Depth  Winter Flow Sunu;er Flow gost
Canal Length(km) (m3/sec.) (m3/sec.) b (m) _y(m) (m3/sec.) (m3/sec.) 10°L.E.
1-27 8 - 5.7 1.0 1.7 1.2 5.7 2.07
3-27 - - D - - - -
3-4 13 - 37.15 2.2 3.6 . 30.35 37.15 6.83
2-4 .5 - 18.1 1.6 2.7 11.7 18.1 .21
4-5 10 - 54.7 2.5 4.9 41.6 54.7 6.08
5-6 "3 - 54.1 2.5 4.2 38.1 54.1 1.82
5-28 .5. - 3.1 .9 1.3 .1 - 1.54
7-28 35 32.2 39.8 2.2 3.7 6 7.6 4.94
6-9 20 - 54 2.5 4.2 18 54. 17.7
8-9 - - 93 - - 85.7 93 10.62
9-30 7.5 - 14.1 1.5 2.4 13.1 14,1, 2.84
30-31 8.75 - 6.3 . 1.1 1.8 6.3 - 2.37
9-10 3.5 - 131.8 3.6 6.0 109.7 131.8 3.08
10-29 2 - 8.3 1.2 2.0 2.2 8.3 .63
10-11 3 - 123.1 3.5 5.8 107.1 123.1 2.56
11-57 5 - 53.2 2.5 4.2 20.8 53.2 3
11-12 30 - 86 3.0 5 86 69.5 - 21.9
12-32 12 - 34.85 2s1 3.5 34.83 22.9 6.16
12-13 20 - 50.9 2.5 4.1 50.9 46.4 11.84
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TABLE B.9 (continued)

Existing New

' Capacity Cagacity Bed Width Water Depth Winger Flow Sum?er Flow gost
Canal Length(km) (m2/sec.) (m?/sec.) b (m) y(m) (m3/sec.) (m?/sec.) 10°L.E.
13-33 2.5 - 9.1 1.3 2.1 9.1 . .82
13-44 7.5 - - 13.35 . 1}2 2.4 8.7 13.35 2.8
13-14 12 - 37.1 2.1 3.4 32.1 32.1 6
14-34 2.5 - 6.8 - 1.1 1.8 6.8 - .7
14-43 6.5 - 4.2 ~ 1.6 2.6 - 14.2 2.47
14-15 12.5 - 24.9 1.9 3.1 24.9 17.5 5.7
15-33 5 - 8 1.2 2.0 8 - 1.53
15-42 6 - 4.4 .9 1.5 - 4.4 1.4
15-16 12.5 - 16.6 1.6 2.6 16.6 13 5
16-36 1 - 3.5 .8 1.4 3.5 - 21
16-41- 3 - 4.4 .9 1.5 : - 4.4 .7
16-17 10 - 12.9 1.5 2.4 12.9 8.4 3.7
17-37 1 - 4.4 .9 1.5 4.4 - 23
17-40 4 - A 9 1.5 4.4 4.4 .93
17-18 16 - 3.9 .9 1.5 3.9 3.9 3.55
18-38 - 2.9 .8 1.3 2.9 - .2
18-39 - 3.9 .9 1.5 1 3.9 .89
40-39 16 - 2.2 7 1.2 2.2 - 3.0

41-40

-— - - - — -
~
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TABLE B.9 (continued)

Existing New
Cagacity Capacity Bed Width Water Depth w1n§er Flow Sumr;er Flow Cc6>st
Canal Length(km) (m3/sec.) (m>/sec.) b (m) y (m) (m2/sec.) (m?/sec.) 10°L.E.
42-41 12.5 - 2.2 1.2 2.2 e 2.33
43-42 12.5 - 4.4 .9 1.5 4.4 - 2.9
44-43 12 - 6.5 ‘1.1 1.8 6.5 6.5 3.3
45-44 - - - .- - - - -
45-46 - - - ° - - - - -
47-45 - - - - - - - -
47-48 - - - - - - - -
23-47 - - - - - - - -
25-61 - - - - - - -
25-49 5 - 5.4 1.0 1.7 5.4 - 1.26
49-50 15 - 7.6 1.2 1.9 7.6 3.5 4.47
21-23 36 - 12.4 1.4 2.3 12.4 - 13.14
20-21 30 49 66.8 - 2.7 4.6 17.8 7 7.4
19-20 45 104 154 3.8 6.4 30 50 22.58
20-51 10 - 40.75 2.3 3.75 10.8 40.75 5.44
21-22 3 24 30.8 2.0 3.3 4.9 6.8 .35
22-52 3 - 6.8 1.1 1.8 2.1 6.8 .85
22-23 15 11 13.7 1.5 2.4 2.7 - .91
5 - 2.7 1.8 1.3 2.7 - 1

23-53
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TABLE B.9 (continued)

Existing New

Capacity Cagacity Bed Width Water Depth Winger Flow Sum?er Flow Cgst
Canal Length(km) (m2/sec.) (m2/sec.) b (m) y(m) (m?/sec.) (m?/sec.) 10°L.E.
53-54 5 - - - "o - - -
23-24 60 - - - - - - -
24-55 60 - - .= - - - -
24-56 90 - - - - ) - - -
57-58 10 - 1.3 =1.3 2.2 11.3 9 3.56
26-58 10 - - - - - - -
58-59 15 - 4.1 9 1.5 4.1 - 3.4
26-60 7 - 42.1 2.3 3.8 42.1 18.9 3.85
58-60 - - - - - - - -
60-59 15 - 28.8 2.0 3.3 5.5 28.8 7.2
26-59 - - - - - - - -
26-54 - - - - - - - -
26-61 15 - 33.1 - 2.1 3.4 9.2 33.1 7.55
61-62 15 - 5.9 1.0 1.7 5.9 1.7 3.95
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TABLE B.10

Existing New .

Cagacity Capacity Bed Width Water Depth Winter Flow  Summer Flow  Cost
Canal Length(km) (m?/sec.) (m3/sec.) b(m) y(m) (m3/sec.) (m3/sec.) 106L.E.
1-27 8 - 5.7 1.0 1.7 1.2 5.7. 2.07
3-27 - - - - - - - -
3-4 13 - 37.15 2.4 3.6 30.35 37.15 6.83
2-4 .5 - 18.1 . 1.6 2.7 11.7 18.1 5.33
4-5 10 - .7 - D 2.5 4.2 41.6 54.7 6.08
5-6 3 - 54.2 2.5 4.2 38.1 54.2 1.82
5-28 7.5 - 3.1 .8 1.3 3.1 - 1.54
7-28 35 32.2 39.8 2.2 3.7 6 7.6 4.94
6-9 20 - 54 2.5 4.2 38 54 12.14
8-9 - - 33 2.1 3.4 33 31 5.35
9-30 7.5 - 12.3 1.39 2.3 12.3 12.3 2.73
30-31 8.75 - - - - - - -
9-10 3.5 - 71.5 2.9 4.7 58 71.5 2.37
10-29 2 - 16.9 1.6 2.6 - 16.9 .8
10-11 3 - 57.8 2.6 4.3 57.8 54.4 1.86
11-57 5 - 6.6 1.1 1.8 - 6.6 1.39
11-12 30 - 57.6 2.6 4.3 57.6 47.6 18.6
12-32 12 - 19.3 1.7 2.8 19.3 19.3 5.04
12-13 20 - 38.1 3.7 3.6 38.1 28,1 10.6
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TABLE B.10 (continued)

Existing New

Canal Length (im) ?;g7:2§y) €:§7:§zy) Beg(:;dth Water(D§pth W%ngir Flgw Sumger Flow Cgst

. . y(m m?/sec. (m?/sec.) 100L.E
13-33 2.5 - 7.8 1.2 1.9 7.8 - .76
13-14 12 - 15.1 1.5 2.5 15.1 8.5 4. 64
14-44 7.5 - 19 C 14 2.8 14.4 19 3.13
14-34 2.5 - - - - - - -
14-43 - - - =l - - - .
14-15 17.5 - 8.4 T 1 2.3 8.4 8.4 3.93
15-35 5 - 3.8 .9 1.5 3.8 - 1.1
15-42 6 - 7.5 1.2 1.9 - 7.5 1.78
15-16  12.5 - 4.5 1.0 1.6 4.5 - 2.93
16-36 1 - - - - - - -
16-41 - - - - - - - -
16-17 10 - 4.5 1.0 1.6 4.5 = 2.34
17-37 1 - 6.45 1.0 1.6 4.45 - .23
17-40 - - - - - - - -
17-18 16 - - - - - - -
18-38 1 - - - - - - -
18-39 - - - - - - - -
40-39 16 - 3.2 .8 1.4 3.2 - 3.32
41-40 10 - 5.5 1.0 1.7 5. 1.9 2.55
42-41  12.5 - 7.7 1.2 1.9 5.5 3.75
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TABLE B.10 (continued)

Existing New

Capacity Capacity Bed Width  Water Depth Winter Flow Summer Flow Cost
Canal Length(km) (m2/sec.) (m?/sec.) b(m) y (m) (m3/sec.) (m3/sec.) 106L.E.
43-42  12.5 - 10 1.3 _ 2.1 10 2.4 4.34
44-43 12 - 12.1 1.4 2.3 12.1 12.1 4.35
45-44 36 - - - - - - -
45-46 20 - - 4 - - - -
47-45 24 - - .- - - - -
47-48 6 - 2.7 - T8 1.3 2.7 - 1.18
25-47 40 - 6.6 1.1 1.8 6.6 - 11.1
25-61 3 - - - - - - -
25-49 5 - 5.4 1.0 1.7 5.4 - 1.26
49-50 15 ' - 15.5 1.5 2.5 +15.5 3.5 5.85
21-25 36 - 12.4 1.4 2.3 12.4 - 13.4
20-21 30 49 67.8 2.8 4.6 17.8 9.8 7.4
19-20 45 104 154 3.8 6.4 30 50 22.58
20-51 10 - 37.9 2.2 3.6 10.8 37.9 5.3
21-22 3 24 33.5 2.1 3.5 4.9 9.5 .49
22-52 3 - 6.8 1.1 1.8 2.1 6.8 .850
22-23 15 11 13.7 1.5 2.4 2.7 2.7 .91
23-53 5 - 2.7 .8 1.3 2.7 2.7 .99
53-54 5 - - - - - - -

[«
o
[
!

]

!
1
[
1

23-24
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TABLE B.11

Existing New

Cagacity Capacity Bed Width Water Depth Wim3:er Flow Sumt;er Flow Czst
Canal Length(km) (m?/sec.) (m2/sec.) b {(m) y(m) (m>/sec.) (m?/sec.) 10°L.E.
1-27 8 - 5.7 1.0 . 1.7 1.2 5.7 2.07
3-27 - - - L - - - -
3-4 13 - 37,15 2.2 3.6 30.35 37.15 6.89
2-4 .3 - 18.1 216 2.7 11.7 18.1 .21
4-5 10 - 54.7 T = 2.5 4.2 41.6 54.7 6.08
5-6 .3 - 54.2 2.5 4.2 38.1 54.2 1.82
5-28 7.5 - 3.1 .8 1.3 3.1 - 1.54
7-28 35 37.2 39.8 2.2 3.7 6 7.6 4.94
6-9 20 - 54 2.5 4.2 '38 54 17.7
8-9 S - 11.5 1.4 2.3 11.5 10.6 2.65
9-30 © 7.5 - 17.7 1.6 2.7 8.8 17.7 3.05
30-31 8.75 - - - - - L -
9-10 3.5 - 45.8 2.4 3.9 39.8 45.8 2
10-29 2 - 16.9 1.6 2.6 - 16.9 3.05
10-11 3 - 39.7 2.2 3.7 39.7 28.8 1.62
11-57 5 - 11.3 1.4 2.3 = 11.3 1.78
11-12 30 - 39.5 2.2 3.7 39.5 17.4 16.13
12-32 12 : - 16.7 1.9 3.1 16.7 3.4 4.8
12-13 20 - © o 22.8 2.1 3.5 22.8 14 8.86
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TABLE B.11 (continued)

Existing

c gacity gacity Bed Width Water Depth ‘Jinger Flow Sumg\er Flow Cgst
anal Length(km) (mJ/sec.) /sec.) b(m) y(m) (m3/sec.) (m3/sec.) 109L.E.
23-24 60 - - - - - - -
24-55 60 - - .7 - - - -
24-56 90 - - - - - - -
57-58 - - - - - - - -
26-37 10 - 5.1 T = 1.0 1.6 5.1 - 2.47
26-58 .10 - 7.1 1.9 7.1 5.2 2.9
58-59 7 - - - - - - -
26-60 7 - 18.5 1.6 2.7 18.5 7 2.9
26-59 15 - 4 .9 1.5 4 - 1.57
58-60 - - - - - - - -
60-59 10 - 5.45 1.0 1.7 5.45 _5.45 2.54
26-61 15 - 40 . 2.2 3.7 16,75 39.95 8.1
61-62 15 - 10 1.3 2.1 10 8.45 5.2
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TABLE B.11 (continued)

Existing New

canal  Len Cagacity Cagacity Bed Width Water Depth Wi.nger Flow Sumx;er Flow Cgst
) gth(km) (m?/sec.) (m>/sec.) b (m) y(m) (m3/sec.) (m3/sec.) 10°L.E.
43-42  12.5 - 10 1.3 - 2.1 10 v 2l7 4.3
44-43 12 - .o12.1 . }.4 2.3 ] 12.1 7.1 4.35
45-44 - - - - - .- - -
45-46 - , - - s - - - - -
47-45 - - - =4 - - S -
47-48 . - - _ - - - - -
25-47 - - - - - - - -
25-61 3 - 10 1.3 2.1 - 10 1.04
25-49 5 - 5.4 1.0 1.7 5.4 - 1.26
49-50 © 15 - 15.5 1.5 2.5 15.5 6 5.85
21-25 36 - 12.4 1.4 2.3 12.4 - 13.14
20-21 30 49 67.8 - 2.8 4.6 17.8 ;.5 7.4
19-20 45 104 154 - 3.8 6.4 30 50 22.58
20-51 10 - 43.2 2.3 3.8 10.8 43.2 5.56
21-22 3 24 28.9 2.0 3.3 4.9 4.4 .25
22-52 3 - 4.4 .9 1.5 2.1 4.4 7
22-23 15 11 13.7 1.5 2.4 2.7 “.- .91
23-53 5 - 2.7 .8 1.3 2.7 - 1

|
i
!

53-54 5 - -
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Canal

Exi

Cag
Length{km) (m

sting
aclty
/sec.)

TABLE B.11l (continued)

New
Cagacity
(m?/sec.)

Bed Width
b (m)

Water Depth
y(m)

Winter Flow
(m3/sec.)

Summer Flow
(m3/sec.)

Cost
1061 .E.

13-33
13-14
13-44
14-43
14-15
15-35
15-42
15-16
16-36
16-41
16-17
17-37
17-40
17-18
18-38
18-39
40-39
41-40

L 42-41

2.5
12
1.5

16
10
12.5

7.3

15

3.3
5.5
1.7

1.3

.8
1.0
1.2

2.2

2.5

1.4
1.7
1.9

7.3

3.3
5.5
1.7

.73

3.36
2.55
3.75



Table B.12

Areas of Winter Crops

Sub-area
No. Short Season Long Season
Clover Wheat Veg. Barley Beans Clover
27 . - 5,500 . I
28 ' ' 29,000
29 15,000
30 45,990 4,010
31 50,000
32 108, 860 - ) 26,140
33 51,438 8,562
34 . , 50,000
35 9,850 50,150
36 _ 30,000
37 ‘ 40,000
38 25,000
39 ‘ 30,000
40 X 20,000
41 e 20,000 -
42 3 20,000
43 - : 20,000
44 20,000
45 ‘ : | 8,742
46 - ' - - - - -
47 _ 25,000
48 o : 25,000
49 ‘ 50,000
50 70,000
.51 . 100,000 '
52 20,000
53 | ' 15,000
54 - 10,000
55 - - - - - -

198



Table B.12 (continued)

Areas of Winter Crops

Sub-area
No. Short Season Long Season
Clqver Wheat Veg. Barley Beans Clover
56 - - - - 7 - -
57 40,000
58 30,000
59 40,000
60 32,000
61 ) ' 30,000
62 7,350 32,650
‘
<

199



Table B.12 (continued)

Areas of Summer Crops

Sub-area
No. Cotton Maize Rice Melon Veg.
27 K 5,500 ‘
28 - 1,900 .- 27,100
29
30 45,990 4,010
31
32 108, 800
33 - - - - -
34 - - - - -
35 - - - - -
36 - - - - -
37 .- - - - -
38 - - - - -
39 17,700
40 ' 20,000
41 X 20,000
42 L imen 20,000
43 o 20,000 .
44 ~ © 20,000
45 - - | - - -
46 - - - - -
47 - - - - -
48 - - - - -
49 - - - - -
50 : | 10, 325
51 77,153
52 _ 20,000
53 - - - . - -
54 - - - - -
55 - - - - -
56 - - - - -

. 200



Table B.1l2 (continued)

Areas of Summer Crops

Sub-area
No. Cotton Maize Rice Melon Veg.
57 - 40,000 .
58 - 30,000 -
59 19,400 20,600
60 20,405 11,595
61 30,000
62 5,720

201



Table B.1l3

Areas of Winter Crops

Sub-area
No. Short Season Long Season
Clover Wheat Veg. Barley Beans Clover
27 y 5,500 .
28 | 29,000
29 - - - - - -
30 47,898 2,102
31
32 13,015 ) *121,985
33 60,000
34 R 50,000
35 | 28,803
36 - ;- - - - -
37 40,000
38 - - - - - -
39 _ 30,000
40 > | 20,000
41 -t 20,000
42 K 20,000
43 ” 20,000
44 , 20,000
45 S 8,742
46 - - - - - -
47 ' 25,000
48 " 25,000
49 ‘ 50,000 .
50 70, 000
51 : 100,000
52 | 20,000
53 - 15,000
54 ‘ 10,000
55 - - - - - -

202



Table B.13 (continued)

Areas of Winter Crops

Sub-area
No. Short Season’ ‘ Long Season
Clover - Wheat Veg. Barley - Beans Clover -
56 - - - - - -
57 1,287 38,713
58 30,000
59 38,838 1,162
60 25,100 B 6,900
61 30,000
62 r i 40,000
‘
A
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Table B.13 (continued)

Areas of Summer Crops

Sub—-area -
No. Cotton Maize Rice Melon Veg.
27 y "~ 5,500
28 1,900 - 27,100
29 - - - - -
30 47,898 2,102
31 - - - - -
32 13,015 35,525 6,431
33 - - - - -
34 - . - - -
35 ' - - - - -
36 = - - - -
37 - - - - -
. 38 - - - - -
39 - - - - -
40 - > - - 8,489
41 L 20,000
42 R 20,000
43 6,528 y 13,472
44 _ 20,000
45 - - - - -
46 - - - - -
47 - - - - -
48 - - - - -
49 - - - - -
50 10, 325
51 : 19,400 | 80,600
52 - 20,000
53 '4 : | | 12,290
54 - - - - -
55 . - - - - -

56 , - - -
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Table B.13 (continued)

Sub-area
No.

57
58
59
60
61
62

Areas of Summer Crops

Cotton Maize Rice Melon _Veg.
B 40,000 .
30,000
38,838 1,162
25,100
30,000
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- Table B-14

Sub-area Areas of Winter Crops
No. Short Season_ Long Season
Clover . Wheat Veg. Barley Beans Clové:
27 : - " 5,500 :
28 ‘ 29,000
29 - - - - - -
30 24,131 25,869
31 - - - - - -
32 B : 135,000
33 . 60,000
34 o 4,934
35 - - - - - -
36 - - - - - - -
37 T - - - - -
38 - - - - - -
39 ' 30,000
40 < 20,000
41 T 20,000
42 N 20,000
43 ) 20,000
44 | 20,000
45 . ' 8,742
46 - - - - - -
47 : 25,000
48 : 25,000
49 . ‘ 50,000
50 70,000
51 , . 100, 000
52 20,000
53 ‘ : 15,000
54 . 10,000

55 - - - - -
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Table B.1l4 (continued)

Sub-area Areas of Winter Crops

No. Short Season Long Season

Clover - Wheat Veg. Barley geans Clover
56 - - - - - -
57 1,288 38,713
58 24,660 5,340
59 25,801 14,199
60 , 27,607 4,393
61 30,000
62 40,000

;
-

N AT
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' Table B.1l4 (continued)

Sub-area Areas of Summer Crops
No.
potton‘- Maize Rice Melon -Veg.
27 - ' 5,500 -
28 | 29,000
29 - - - - -
30 50,000
31 - - - - -
‘32 . B : _ . 12,736
33 - - - - -
34 - - - - -
35 - - - _ - - -
36 .- - - - -
7 - - - - -
38 - - - - -
39 - - - - -
40 - - - - -
41 - . L AL - - -
42 - - - - 12,201
43 ' 20,000
44 _ 18,721
45 , - - - - -
46 - - - - -
47 - - - - -
48 - - - - -
49 - . - - - -
50 27,227
51 : 25,857 74,143
52 ' 20,000
53 - - - - -
54 - - - - -
55 - - - - -
56 - -
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Table B.1l4 (continued)

Sub-area Areas of Summer Crops
No. Cotton Maize Rice Melon Veg.
57 . 31,296 8,704
58 " 24,660
59 25,801
60 27,607 4,393
61 30,000
62 40,000
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Table C.1 The Nodes Definition

Node State Node State
1 Faras Kour P.S. 23 Divergent Node
2 Lo&ér Sarrow P.S. 26 " M
3 Domietta Branch 25 " "
4 Mixing Node 26 Bahr El-Bakar
5 Divergent Node 27 | Sub~Area (21)
6 Divergent Node + P.S.(I) . 28 Sub-Area (8)
7 El-Bahr El-Saghia 29 15,000 fd. of (7)
8 Bahr Hadaus' Dr. 30 50,000 fd. of (7)
9 Divergent Node + P.S.(II) 31 Sub—Area (6)
10 bivergent Node 32 Sub-Area (5)
11 Divergent Node 33 60,000 Feddan (1)
12 Divergent Node 34 50,000 Feddan (1)
13 Divergent Nodd ' 35 60,000 Feddan'gl)
14 Divergent Node' ’ 36 : 30;000 Feddan (1)
15 Divergent Node 37 . 40,000 Feddan (1)
16 - Divergent Node 38 25,000 Feddan (1)
17 Divergent Node 39 30,000 Fd. From (1)
18 Divergent Node 40 20,000 Fed.
19 Israitia Canal 41 20,000 Fed.
20 Divergent Node 42 20,000 Fed.
21 Divergent Node 43 20,000 Fed.
22 Divergent Node - 44 20,000 Fed.

211



Table C.1 (Continued)

Node

45

46

47

48

49

50

51

52

53

State
40,000 Fed. from (4)
_Sub-Area (3)

25,000 Fed. from (4)
25,000 Fed. from (4)
50,000 Fed. from (13)
70,000 Fed. from (13)
Sub-Area (17)
Sub-Area (14)

Sub-Area (15)

Y
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Node

54
55
56

57

58

59
60

61

62

State
Sub-Area (16)
Sub-Afe; (;8)
Sub-Area (19;

40,000 Fed.
from (9)

30,000 Fed.
from (9)

Sub-Area (10)
Sub-Area (11)

30,000 Fed.
from (12)

40,000 Fed.
from (12)



TABLE C.2

The Arcs Definitions

Length in Kilemeters

8.0
7.0
13.0
0.5
.10.0
7.5
35.0
3.0

20.0

N 7.5
) 8.75
3.5

2.0

3.0

5.0

10.0

10.0

15.0

30.0

12.0
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Table C.2 Continued

Arc Length in Kilometers
12-13 20.0
13-33 2.5
L 13-44 7.5

T 44-43 . 12.0

13-14 ' 12.0
14=43 6.5
14-34 2.5
14-15 12.5
15-35 - 5.0
15-42 0
43-42 12.5
15-16 12.5
o 42-41 12.5
' 16-36 0
16-41 0
"16-17 10.0
4140 - 10.0
17;?7 e 1.0
17-40 . 0
17-18 L 16.0
40-39 16.0
18-38 ' 0
18-39 4.0
45-44 36.0
45-46 20.0
47-45 ‘ 24.0
47-48 6.0
25-47 40.0
25-49 5.0
49-50 15.0
21-25 ' 36.0
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Table C.2 Continued

Arc Length in Kilometers
19-20 45.0
20~21 30.0
20-51 10.0
T 21-22 . 3.0
22-52 3.0
22-23 13.0
23-53 .0
53-54 | 5.0
23-24 _ 20.0
24-55 " 60.0
24-56 90.0
25-61 3.0
61-62 15.0
v 26-61 15.0
26-57 10.0
26-60 7.0
60-39 15.0
26-59 10.0
26-58 10.0
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TABLE C.3 Two-Year Agricultural Rotation

Year Season . Crops
1l Winter Short-season clover
Summer Cotton
2 Winter - Long-season clover, wheat, barley,

vegetables, beans

Summer Rice, maize, vegetables

TABLE C.4 Three-Year Agricultural Rotation

Year Season\. Crops
. ¢ 'n',' 19

1 Winter Y Short-season clover
Summer Cotton

2 Winter . : Long-season clover
Summer Rice

3 Winter Wheat, barley, vegetables, beans
Summer . Maize, vegatables

216



Table C.5 Yields and Unit Prices of the Agricultural Crops

Crops

Short Season ~

lover -

Wheat
Barley
Beans

Long Season
Clover

Cotton
Maize

Rice

Water Melon

Vegetables

Yield in Ton/Feddan

6.50
1.45
1.20

1.00

26.00
.30
1.65
2.30

11.20

X 4.00

I RIS
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Unit Price L

15.00
120.00

90.00

200.00

15.00
450.00
120.00
120.00

50.00

100.00



8T1¢

Table C.6 Amount and Unit Costs of Fertilizer, Seeds, Labor-ﬁours, Machinary Hours Required

for the Crops .

Fertilizer (PO) Fertilizer (N) Seeds or Stocks Labor-Hours Machinary Hours

Amount Unit Price Amount Unit Price Amount Unit Price Amount Unit Price Amount Unit Price
Crop Kg. L.E./Kg. Kg. L.E./Kg. Kg. L.E./Kg. Hours L.E/hr. Hours L.E./hr.
Short Season - .
Clover 60 .04 - .05 . 10. .05 200 .10 ¢ 10 1.5
Wheat 100 ,04 .. 400 «05 - 4 75. .05, 400 .10 20 1.5
Barley 100 .04 400 .Q5 | 75. .05 300 .10 20 1.5
Beans 100 .04 " 50 " .05 78. .10 350 .10 10 1.5
Long Season A
Clover 100 .04 - .05 10. .05 400 .10 15 1.5
Cotton 100 .04 400 .05 30. .02 600 .10 10 1.5
Maize - .04 400 .05 30. .07 500 .10 25 1.5
Rice 100 .04 200 .05 40. .05 600 .10 . 35 1.5
Water Melon 200 .04 200 .05 50. .02 400 .10 15 1.5
Vegetables 220 .04 500 .05 50. .2 1000 .10 10 1.5



Table C.7 Average Cost of Land Reclamation

Item Unit Cost (L.E./Feddan)
Irrigation and Drainage* 500
Housing and U£?lities . : 200
Electricity ' 150
Transportation and Communications 200

Equipment and Machinary for

Cultivation 50

Local Lifting Statioms ' 50

Social Services h | 50

TOTAL ' 1,200
;
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