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Introduction

With the completion of the High Dam project, it will be
possible to use the water of the Nile river in many different
ways for different beneficial purposes such as developing
irrigation, expansion of agricultural area, generation of
electric power, flood protection, improvement of in~land-water
navigation, cultivation of lake shores, fisnery, etc.

No doubt, that the selection of the best method of
operating the High Dam and developing new resources to speed
up economic growth and social progress is of great importance

to the U.A.R.

The objective of the designer is to ildentify a satisfa-
ctors compromise based upon an economic and nydrclogical analysis
of the relative costs and benefits associated with the competing

demands,

The new techniques of operations research and computing
mathematics make it possible to examine systematically many
alternative operating schemes and to identify the optimal

scheme to maximize socilal benefits.

Finally, the author is grateful to Dr. Aly Nassar,
Department of Economic Models, Institute of National Planning
for the technic revision of the text he made, and to Mrs. Ellen

for the many tedious hours of typing the Memo.
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CHAPTER I.

I.1l. Agriculture and the River Nile

Agriculture is the main baise for economic structure
in U.A.R. Industrialization evolution in U.A.R 1is mainly
relying on this economic activity as well as being the source
of food for population. Moreover agricultural products compose
the main items of foreign trade, being thus the essential reso-
urce for accumulating hard currency which is used for economic

development.

Therefore agricultural activity is taking the major
attention of the state. Many efforts are exorted to increase
the agricultural area. On the other hand, water being the
influencing factor determining the cultivated area, and since
the main source for water is the Nile River - because the coun-
try is almost deprived from rains - therefore the Ancient mans
efforts were concentrated to retouch the river and to control
its water, Hence many bridges and weirs were constructed.

Consequently the agricultural continued widening. While
it was 1.95 million feddans¥® in 1813, it gradually increased
till it reached 5.6 million feddans in 1952, and protempore
it is now some of 6.3 million feddans. ol

—— s e s e

* feddan = 0.42 hectares appPLOX.
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Hence, attention has been focussed on establishing
a high dam to store the Nile water for so many decades, and
not only for one year as it was before and to arrange its use
throughout by sawving the water of the abundant seasons to use

it in the drought one.

I.2. The description of the Dam:

The High Dam is a rock filled body 2600 meters long,
250 meters of which lie between the two banks of the river
with a sand foundation and aprons with a total height of- 111
meters. The Dam is 980 meters wide at river bed and 40 meters
wide at the top.

The diversion canal and the power station lie on the
castern bank of the river. The front diversion canal is 1150
meters long and leads to the enterance of the tunnels and the
outlets.

The tunnels are equipped with control gates, besides
screens to prevent the inflow of floating matter.

At the end of the tunnels lies the electric power
station. It is operated by 12 turbines of 175000 Kw/Hour
each. The power generated, at very low costs, amounts to ten

billion Kw/Hour per eyear.

Water flows from the power station to the down stream
canal 450 meters long which leads %o the main course of the
river. The generated electricity will be carried to the Delte
through two power linesand it will give light to the remotest

B

corner of the country.



Six tunnels connect the up stream diversion canal with
the down stream diversion canal. Each tunnel is 282 meters
long and 15 meters diameter. They are designed to discharge
11000 cubic meters 6f flood water pass every second/one billion
cubic meters a day/. Each tunnel.. forcs into two branches
before it is connected to the power station. HEach branch feeds

one of the twelve turbines.

On the western bank of the river a 280 meters long
spill way canal is dug to drain the water surplus at a rate
of 2300 cubic meters a second, when the stored water becomes
two meters higher than the maximum level allowed.

The project does not include any canal locks for
naVigation.. A fluvial harbour was therefore built opposite
the right wing of the Dam to comnect the Sudan and ILake Nasser
with the U.A.R. by means of railways lines.

Lake Nasser is the greatest man-made lake in the world.
Its capacity is 157 billion cubic meters,twice as the amount
of water provided by the Nile in a couple of years. It is
500 Km long and 11 km wide and 95 meters deep. It stretches
across the boundaries of the Sudan.

It is worth noticing that the High Dam waters will help
restoring l.3 million feddans which will be reclaimed in the
Tahrir province, Edkou, Mariut, Salhia desert and East and West
of the Suez Canal. The reclamination of these lands will come
to an end before 1972.

The High Dam waters will also help convert lands in
Upper Egypt from basin to perennial irrigation. This means
vertical agriculture expansion which doubles the yield, and
growing sugar-cane in 125000 feddans more, to satisfy the needs
of the country and exportation purposess
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I.5. The economic effects of the High Dam

The regulation of the Nile waters has been always a

chronic problem. More than »2 billion cubic meters flowed into
the Mediterranean Sea, inspite of building a number of dam and
the Bgyptian's dire need of water for progress of reclaiming

new lands to face the problem of the everincreasing population.

So, with the completion of the High Dam project, there

are many economic effects will appear as:

i)

ik

1d:)

iv)

vi)

vii)

The expansion of the agricultural area l.35 million
feedans will be restored. 700000 feddans will be
converted from basin to perennial irrigation.

Water will be secured for irrigation purposes all the
year round. The country will be protected from the
damaging floods forever.

Rice production will be expanded and the surplus will

be exported.

River navigation will be made use of all the year round.

Ten billion Kw/Hour will be generated to be used for
industrial and agricultural purposes.

The national income is expected to increase by L.Hk.23%4

million per annum.,

The project will also provide the Sudan with 14.5
billion cubic meters of water per annum for irrigation
purposes. Consequently the area under the plough will
become three times as present.



CHAPTER IT.

IT.1l. Agriculture vis—a-vis Hydro-electric power

The technical studies for the best ways to utilize the
High Dam, need continuous efforts in different sides. Economic
analysis are included here to choose the optimal policy of
operating the High Dam. Also geometrical and technological
problems of utilization ¢ , in addition to the importance of
interdepedndence : of this policy with the general planning of
the country specially in the sectors of agriculture, industry,

power generation ... etc.

Firstly, we have to clarify a principle idea in this
study. Namely these different and competitive sectors that
might be impossible to verify them - . efficiently in an optime
um manner at the same time., In other words, to raise the level
of a certain sector, may lead to decrease the level of utiliza-
tion of one or more of other sectors. There is an art of
dependency between those sectors.

For example, if we decide to release the water from the
High Dam according to the seasonal demand for agriculture,
which depends on the cultivated area and climatical conditions
which cause evaporation and exudation, it is expected that the
released amount of water oscillates during the months of the
year, or even within days. Such attitude leads to the oscil-
lation of the electric power generated from the turbines.
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Accordingly it becomes quite difficult to realize a
regular level of electric power. Thus, we cannot rely on such

oscillated electric power for constructing industries, in
particular those that requires high capital-intensive-techniques.

Nevertheless, we can embark upon a certain volume of
electricity which coincide with the lower seasonal demand for
the requirements of agriculture. This volume of electricity is
the lowest regular rate that can be obtained throughout the
year. Figure 1 illustrates this idea, in which the horizontal
axis represents the period and the vertical represents the
release amount of water according to the seasonal demand of
agriculture and which reflects the obtainable volume of electric
power, if the decision is taken to release the water from the

seasonal demand
for agriculture

r Period
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High Dam -according. to the .requirements of agriculture.
From the figure, we can notice that the regular level of electric
power which can be verified all year round, is the rate which is
represented by the straight line AB.

This means that, this method of relea51ng water demand
decreases the possibility of the full utilization of electric

power.

In contrary, if the decision is taken to release the
water from the High Dam according to the seasonal demand for
electricity, which is considered in this case as a principle
product and the agricultural products as secondary one, we can
see that this system is nearly regular &s shown in Fig. 2.

seasonal demand

or power
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Fig. 2. Period

Figure 3 illustrate the inter-dependence and the con-
nection between these two systems of water releasing. It 'is
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clear from this figure, that it is not easy to supply the
sufficient volume of water required for agriculture in the
region B, While there is a surplus of withdrawing water for
generating power in the two periods A and C, is not used in
agriculture.

seasonal demand
‘ for water
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It is however possible to prepare some technical study
on the purpose as To determine the relationship between the
efficiency of various capacities of the High Dam in case of
the two variants, viz. agficulture and power, according to
the efficiency of the different possible patterns of withdrawing
water from the Dam. The following fige 4 illustrates this
relation, which is a curve called "complementarity curve".

If we takea point as "M" on that curve, we can read
the degree of efficiency for both of agriculture and power.

4 power’

Fig. (4)

0 - agriculture

The point A represents the situation of power as a
bi-product whilst agriculture as a main product. The point B
represents the adverse situation.

As o matter of fact, the selection of either coincidence
policies, between the two utilizations which are mentioned
above, depends to a very far exbent on the economic. sequences
resulting from the implication of any of these coincidence
policies, such as its effect on G,N.P. as & whole, or its impact
on the volume of exportabtion and also on the other eCconomic

objectives.
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II.2. Complementarity between alternative uses:

The technical term "complementarity" is in our case a
measure of the efficiency of water resource system that serves
different purposes. For any type of water uses, as single-
purpose design is always more efficient then a multi-purpose
design. However, it rarely happens in a water resource system
that perfect complementarity is attainable. If the system is
operated to obtain maximum efficiency of obligation.for one
purpose then less than full efficiencly will be achieved in other
uses., The degree of complementarity depends upon several fac-
tors including the shpae and size of the reservoir, the magni-
tude of natural inflow and its variation from season to season
and from year to year and upon the patterns of withdrawals for
the various uses as determined by agricultural, industrial and
municipal requirements. For example, in a typical year nearly
two-thirds of the annual rainfall occurs during August, Septem-
ber and October. In the months April through July in which
climatic conditions for plant growth are good, the natural river

flow is low.,

Therefore if water releases from the reservoir are made
to meet the demands of growing crops, the volume of stored water
will be depleted in the late spring months, reaching a minimum
at the end of July. As a consequence the hydraulic head on the
turbines will be small and generation of electricity will be
inefficient. After a succession of low-flow years the reservoir
will be drawn down and the loss in efficiency, in power product-
ion will be substantial.

If, on the other hand, the reservoir is maintained at
a high level at all seascons to maximize power output, then the
efficiency of the dam as a regulating device is reduced and
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during years of high run-off a large part of the peak flow gt
the river may have to be discharged over the Splllway to the
lMediterranean Sea, and thus lost o agriculture.

IT.%. Graphical method to derive the complementarity
CUrves

Consider two purposes A and P and let:

nunber of seassons per year/or period (e.g. months)
seasonal demand coefficient of water for purpose A in
season i, 1=1,2,... N/AL in the computer Proge/
seasonal demand coefficient of water for purpose P.

= total yearly discharge of water allocated for the use of

fi

I

Hg'z

>
gt

purpose Ao

P = total yearly discharge of water allocated for the use of
purpose P. : ;
W = maximum discharge of water per year/period/.
X;= discharge vector of water in season i e L B
The discharge vector should satisfy some hydrolic
relations: '

i) The sum of the elements of the discharge vector should
be equal to the maximum discharge of water permitted
in that year, i.e.?
SN
E Xi =W
al ik
ii) The discharge vector at any season should not be less
than any of the requirements of both benefits A and P,
Tyoail o SR D
e ot fEl ol
Xy =Py b
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iii) The sum of the seasonal demand for any of the two
benefits should be equal to unity, i.e.

N
O(izl, Z—: /6i=l

J=1

N

&

[l
=

1

The geometrical decisional space has been defined by
the square OUTVO/ Fig. 5/ in which: :

Q= § =W and Qe P =W
L P

v

h>
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Draw the straight lines with slopes r; :O(i/ﬁg and
passing through the origin. Tnese N straight lines divide
the square decisional space into N+l regional decislonal space
denoted by Ri’ Aol 2 By o i N L

These lines ranking the slopes Ty in non-decreasing
order and will be denoted by r(i), j where (i) represents the
season.and j represgnts its ranking order, l,€4

I‘(S), 141‘(8),241'(5),5 SLiei 8l r(s),N—EZI’(S),N“l
.éI‘(S), N

where (8) denoted the seasons 1,2, ... , N.
In region Rj that lies between the two lines:

P o=(% /B and P=(%/ ) A

X R =% B

we have:
Xa < PP fopiidas, By 5vps 1
XA =pAr for i = otherwise
which implies that 7
Xi:PiP for A= B8,
:o(iA for i .= otherwisé
and since

2 Xi =W we obtéin

NG 1
(L S 0A <§_ PP =W
Ao 1 '

1#5:550 0051 1=3,5,..4,1
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which will be solved with the upper boundary line of the
region Rj (solution in A and P):

RiSHUo Ff)A
to define the jth point K of the complementarity curve. The
discharge vector X is then computed. ;

The same procedure should be followed up to region R
to determine all the N points of the complementarity curve.

As shown from the fig. 5, the point M represents the
Dam as a single purpose project of A and the second purpose P
as a bi-product. Also the point Q represents the benefit P
as a single purpose and A as a bi-product. Between the points
M and Q lies an N-2 points on the segmented complementarity
curve representing a compromise solution for the Dam as a

multiple-purpose project with different degrees of efficiency.

IT.4, Mathematical analysis of complementarity:

Iet us assume that the mean annual infolw to Lake Nasgser
is /W/ m.c.m. Iet the symbol A denote the number of milliards
of cubic meters per year o be allocated to firm agriculbure,
Let P denote the firm annual power target. For any level of
agriculture /A/, the maximum level of firm power may be calcula-
ted by linear programming techniques,

The matuematical statement of the problem is as follows:

Maximize P

subject to the following constraints:



il | =2
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where Xi is the release during month 45 G(i_and /3i repres-—
ent the monthly distribution coefficients of water demand
for irrigation and for power. Thus cii represents the
irrigation water requirement/Based on estimated evapotrans-
piration rates/ for January relative to the annual requirem-
ents; f35 represents the proportion of the total annual
power demand required in the month of March.

The values of P fall on the segmented line CD ... MN
in fig. 8. The vertices of the segmented line intersect
rays from the origin with slopes Cii/ f3i. The set of points
on the line represent all feasible and efficient mixes of
agriculture and power. For example, point F represents a
compromise scheme in which A = 95.%67 m,C.m. and P = 65.734

rﬂoC.mo

The pattern of flow releases for this scheme is listed
in table 1. Points falling below and to the left of the
segmented line represent feasible but inefficient schemes of
multi-purpose operation. Points above and to the right of
the line are not feasible. Point C represents single-purpose
operation for agriculture with power production treated as
a residual; point N represents single-purpose operation for
the generation of electricity with irrigation treated as

a residual.
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IT.5. Ovtimal Operation

It is evident that a wide range of blends of agriculture
and power targets are practicable and the problem arises as
the proper method of ranking the many alternative operating
schemes., It is possible to formulate the raﬁking_problem as

a linear programming problem.

The formal statement of the ranking problem is as

follows:

Maximize faA + fPP

subject to 3 Xij;ErcXiA, LEl Byt iy 2

e~
X PiP

;Xj_:X

where fa and f_ are preference coefficients for agriculture

and hydropower respectively. The following values of fa and
f_were tentatively proposed by Dr. Salib Rofaiel of the

Aswan Regional Development Project and the U.A.R. Institute of
National Planning from a preliminary analysis of pertinent
economic data. The numerical values of fa and fp like those

of other parameters used in this initlal study are not definit-
ive, the are used to exhibit techniques of analysis.

Objective Preference . coefficients
f 1
? . & P
Maximized value added to the economy 6.86 5.85
Maximized economic surplus 4,80 %.79

Maximized export 2.83 1.67
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The parameter fa is proportional to the present value of the
time stream of benefits per unit increment of agricultural
production; and fP is proportional to the present value of
benefits per unit increment of power generated.

In addition to the three objectives listed, other object-
ives such as regional development may be investigated.

The choice of objective is, of course a matter of
paramount importance to the nation and must be made at the

highest levels of the gpvernment.

The optimal policy for these three objectives can be
caleulated mathematically by computer as a linear programming
problem, and also graphically if we draw the three negative
ratios of these objectives (fa/ fp).

On the A—-P domain of fig. 6, the three dashed lines which
have negative slopes of fa/fp = 1317 1a2%, 1.69s TODpregent
the three functions. ILines parallel to these lines are
tangent to the segmented line at points J, H. It may be demon-
strated that for amy values of £, and fp the point of tangency
of a straight line of negative slope fa/fp with the segmented
line/which, in general, will be at once of the vertices
c¢,D, ... 5 M,N / indicated the optimal target values of A and P
that maximize the preference function.

The graphical construction provides a convenient method
of investigating the implications of implementing any particu-
lar economic objective, If the ratio fa/fp is close to zero,
points at or near N will be indicuted; these represent full

or nearly full development of the potential of the system fcr
the generation of electricity. On the other hand, if fa is
large in relation to fp, points at or near C will be indicated.
These points represent high development of the potential for

irrigation.
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With the computer solution for the complementarity.
calculations in connection with the preference function that
maximizes the value added to the economy(point J), the total
benefit in multipurpose operation is proportional to:

G836 (0 75,994) ¥ 5:¢85 (91,532} /s 1056498
Now if the various factors that have been discussed which limit

complementarity were not operative, the full potential of the
water resources system for both power and agriculture could be

e

realised and the total benefit would be proportional to™’:
sl (1 00) 1 i 5858 S1C0) His 1271
Therefore the actual degree of compolementarity is
1056.78 / 1271 = 83.14% for this preference function,

2/

IT.6, Discussion of results

It is very useful to compare the different alternative
solutions given through the complementarity curve, to decide
what compromise solution should be followed so that the national

return will be maximum,

So, let us suppose that:.

i) there are 12 periods in the year, N=12.

ii) volume of the stored water in the reservoir and which
can be used for both two purposes A and P is 100 m,c,n.

iii) +the generated electric power is directly proportionate
with the amount of the relecased water from the Dam

i g e o e e B B Pt B ot

l/Assuming the volume of the stored water in the reservoir is
100 m.c.m. ‘

2/The numerical data used in that example are tentative estima-
te of several parameters intended to faclilitate explanation of

methodology.
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without taking into consideration the difference of
the levels of water in front and behind the Dam
during the year.

In table 1 which showsl/ the computational results and
which illustrates the kind of interference that may be made at
a later stage when reliable input data are available.

Comparing these different results to know the gains and
losses in these different uses, we can design another table 2.

1/ These computations were executed at ZOWAR - Warszawa Computer
Center.
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Table - 2 =
Compromise Loss in A Gain in P | Ioss in A Gain'in P
alternative QTY QTY % %
2 839 8. 440 829 19.040
3 1.720 12.643 1.720 28,524
& 4.63%2 21,406 4,632 48,291
5 5.861 24,021 5.861 54,190
6 11,514 32.632 11,514 72.619
74 21.765 45,225 21,765 102.028
8 24,006 48,204 24,006 106,490
9 51,015 51,752 51.015 116705
10 57237 54.550 37237 12%.065
11 40.273 55,411 40,273 125% 007

From the table 2 compromise atlernative No. 2 states that
decreasing our use of water for A by 0.839 % will increase the
other benefit P by 19.040 %.

The 3rd alternative indicates that a reduction of the use
of water for A by 1.720% increcases the water used for the other

purpose P by 28.524%.



IT.7 PORTRAN RUN

FORTRAN COMPITATION VER 2 MOD 1
OBJECT MACHINE SIZE = 11999

C

001
002
003
004
005
006
007
008
009
010

011
012
0l3
Ol4

015
016
(UHE
018
019
020

THIS PROGRAM WAS EXECUTED AT ZOWAR-WARSAW COMPUTER
CENTER WARSZAWA POLAND
INSTALIATION = I.B.M 1440 DISK ORIENTED SYSTEM 3/4/1968
A PROGRAM FOR COMPUTING THE DISCHARGE VECTOR
DIMENSION AL(12), BE(12), R(12),X(1l2),RD(12),L(1l2)
1 READ (1,2) N,W
2 FORMAT (I5,F10.3)
- READ (1,3)(AL(I), I=1,N)
READ (lsB)(-BE(J) ;J=1’N)
3 FORMAT (8X,12F6.4)
WRITE (3,30)
30 FORMAT(1HL)
WRITE (3,31)
21 WFORMAID (TH, lsaHSi . oiin o oip e o

WRITE (3,32)
32 TFORMAT (1H, 1HI, 8X, 1HI, 121X,1HTI)
WRITE (3,33)

33 FORMAT (1B 10HI SEASON I,5X,1H1,9X,1H2,9X,1H3,9X,1H4,
A9X, 1HS,9X,4d6,9X,1H7,9X,1H8,9X,1H9, 8X,2H10,8X,2H11, 8X,
2H12,5X,1HI)

WRITE (3,32)
WRITE (3,31)
WRITE (3,32)
DO 4 I=1,N
R(I)=(AL(I)/Br(I)+0.0005
4 RD(I) = R(I)
R IN NON=DECREASTING ORDER



021
022
023
024
025
026
027
028
029
030
031
032
025
034
025
036
037
0%8
039
040
041
042
043
O44
045
046
047
048

049
050
(o)1
052
053

—26—

DO 7 I=1,N
V=RD(1)
DO 6 J=1,N
IF(V=RD(J)) 6,5,5
5 V = RD(J)
L(I)=d
6 CONTINUE
K=L(I)
RD(K)=99999.9
7 CONTINUE
WRITE (5,9) (AL(I),I=1,N)
9 FORMAT(1H, 10HI AL T,12P10u4,2H 1)
WRITE (3,32) '
WRITE (3,10) (BE(I),I=1,N)
10 FORMAT (1H, 10HI BE I,12F10.4,2H I)
WRITE (3,32)
WRITE (3,31)
WRITE (3,32)
WRITE (3,11) (R(I), I=1,N)
11 FORMAT .(1H, 20HI R . 1I,12F10,4,2H 'I)
WRITE (3,32)
WRITE (3,12) (L(I), I=1,N)

12 PFORMAT (1H, 1OHI RANK  I,16,11(4X,I6),6H I)

WRITE (3,32)
WRITE (3,31)
WRITE (3,32)
WRITE (3,13) W

13 FWORMAT.(1H, 1OHI I,38X,17HDISCHARGE VECTOR, 3HW=

A,F12.3,4H MCM,47X,1HI)
WRITE (3,32)
WRITE (3,31)
WRITE (3,32)
DO 23 I=1,N
IT=I(I)



045
055
056
057
058
059
060
06l
062
063
o4
065
066
067
068
069
070
071
Q2
073
o74
075
076
077
078
079
080
081
082
083

14

15
16

17

.18

19

20

21

22

Lonk

Cl=0:0

02=0.0
C3=AL(II)/BE(II)
8X=0.0

DO 16 J=1,N
J1=L(J)
IF(J=1)14, 15, 15
C2=C2+BE(JL)

GO TO 16
Cl=Cl+AL(JL)
CONTINUE
C3D=C3=xC2
A=W/(C1+C3D)
P=C3=%A

M=I=1
IR(M)L7,17,19
DO 18 J=1l4N
X(J)=AL(J)=A
SX=SX+X(J)

GO TO 24

DO 22 J=1,N

DO 21 K=1,M
IF(J=IL(K))21,20,21
X(J)=BE(J)=P
SX=SX+X(J)

GO TO 22
CONTINUE
X(J)=AL(J)=A
SX=8X+X(J)
CONTINUE



oak

084 24 WRITE (3,37) I,A,P,SX

085 %7 PORMAT(1H,1HI,8X,1HI,2X,4HPT=,I6,3X, 3HA=,F10,3,2X, 3HP=
A,F10.3, 55X,3HSX=,F10.3,9X,1HI)

086 WRITE (3,35) (X(J),J=1,N)

087 35 FORMAT(1H,1O0HT CaDl 2RI 000 o2l )

088 23 WRITE (3,32) : |

089 WRITE (3,31)

090 GO TO 1

081 END
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Some case studies that can be implemented:

<z
e c—————————

1. Preparation of complementarity curves indicating the
alternative uses of the High Dam to find out the extent of
consistency or inconsistancy between them in order to reach to.
the optimal policies of utilizationj

2. Investigating the economic effects of the different
utilizations of the Nile water in irrigation and generation
of electric power. as well as agricultdring the shores, the
enhancement of the area under cultivation and other facilities;

3, Studying the total water flow in the Nile for lbng
periods ago, and preparation of all expected probabilities of
such water flow in the future;

4, designing mathematical and technical models illustrating
each of the utilization policies and determining all the techn-
ical and geometrical features for these policles;

5, drafting the appropriate computer programmes which are
the instruments for analysing these very complicated studies that
cannot be done therewithout; : '

6. investigating the possibility of storing any surplus
of water over the need of agriculture in the given period, in
order to increase the electric power. Either this storing is %o
be on surface or under fround;

7, taking into consideration wasbte of water as a result of

leakage and evapotranspiration and the impact of such attitude.
on the volume of the stored water and consequently on utilization

policies.
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