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ABSTRACT: The Nile which is considered as the longest river in the world was known of its repetitive floods.
Many dams had been built across its path to regulate its current around the year and to produce electricity.
This process continued in the nine countries sharing the river. The result is a reduction in the amount of
water flowing through its basin especially at the downstream countries like Egypt Taking into account the
increase of population and the Global climate change which are increasing tactors for water demand the
problem of water scarce is increasing day after day. In this research an experiment was done to measure the
amount of water that can be saved by partially preventing the natural evaporation process. The idea consists
of covering of 50% and 25% of the top surfaces of water in small laboratory pans. The weight of the
evaporated water was monitored with time. Floating Styrofoam pieces having the size of 20x20x2mm have
been used. Styrofoam material has the ability to float permanently to cover the water and to protect it from
direct sunlight and heat. It was found that; covering of 50% of the top water surface might save 39% of the
amount of water lost by evaporation. Lake Nasser which is situated at the entrance of the Nile to Egypt has
an area of 5250 square Rilometers. 10 km® of its fresh water is evaporated each year. The application of the
result of this research by covering 50% of the top water surface of Lake Nasser by using 1000x1000x10mm
Styrofoam pieces might save about 3.9 km?® of fresh water annually which equals to an increase of 7% of
Egypt's share of the annual flow of the Nile.
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«+ INTRODUCTION

The 6800 km long Nile is considered as the longest river in the world. It originates in the following
African countries KENYA, TANZANIA, UGANDA, RWANDA, BURUNDI, ZAIRE and ETHIOPIA. Then it flows
northwards through SUDAN and EGYPT and finally empties in the Mediterranean Sea. [1] The Nile’s
discharge is about 300 million cubic meters per day. This huge amount of fresh water is passing
through a path of 8-11m deep and in an average width of 2800m (varying from 7500 to 350m). The
upstream sources are located in humid regions, with an average rainfall of over 1000mm per year. The
arid region starts in Sudan to only an average of 20mm per year in the north. Further north, in Egypt,
precipitation falls to less than 20mm per year. While the Nile was known of its fluctuating discharge
and its destructive floods through history, the increasing water demands and the construction of huge
dams across its path reflect the situation to a water shortage dispute between the related countries.

EGYPT

Nile river

Lake Nasser

SUDAN{( P
Fig. 1. Lake Nasser in Egypt Fig. 2. Merowe Dam in Sudan

One of the greatest dams is the High dam (As’sad alaly) in Aswan, Egypt. [2]The High dam was

constructed between 1960 and 1970. It aimed to enhance the country‘s economy by providing storage

of water for agriculture and to generate 2.1 giga-watts of hydroelectricity. The 111m tall dam can hold

111 cubic kilometers of water, its reservoir (Lake Nasser, see Fig 1) is 550km long and 35km at it’s
widest with a surface area of 5250 square kilometers. [3]

Evaporation from Lake Nasser is estimated at 10 km® per year. The absolute amount of water lost

to evaporation is enormous; it is estimated as 11% of the average volume stored in the Lake and 18% of

Egypt's share of the annual flow of the Nile. While most of the water resources of Sudan and Egypt
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originate outside their borders: 77% of Sudan's and more than 97% of Egypt's water resources are
depending upon the Nile. [4]

Ethiopia, the source of 85% of Nile’s flow, recently began construction of a massive hydropower
project that will make it an energy exporter. [5] Three hydropower plants with a combined capacity of
1.18 GW were commissioned in 2009 and 2010 alone. The largest hydroelectric plant in Ethiopia, Beles,
began initial operation in 2010. Contracts for five more large dams have been signed. Once completed,
which is expected to be around 2015 the flow of the Nile could be reduced by 3km® per year,
equivalent to about 5% of the current allocation of Egypt under the 1959 agreement. [6] It is in the
delta, on some of the most fertile land in the world, that rice farmers have been ordered to plant
fewer acres to conserve water as Ethiopia and other nations threaten to siphon away millions of gallons
before the river reaches Egypt.

[7], [8] the fast increase of populations from 1950 to 2011in Egypt (21- 82 million) and in Sudan
(9- 41 million) shows the great increase in water demand. Adding the fact of Global climate change in
those dry countries, serious water scarce will certainly arise and augment year after year.

Sudan has inaugurated Merowe Dam on March 3, 2009, see Fig 2. A dam which is situated 350 km
north of the capital Khartoum having a storage capacity of 12.5 km?, or about 20% of the Nile's annual
flow. The reservoir lake is planned to extend 174 km upstream.[9]

Regarding water lack, it is obvious that Egypt will be the most suffering country.
Politicians, journalists and media are alerting that; [10] the next war among countries will not
be for oil or territorial borders, but only for the problem of water. International organizations are
figuring out the problem but with no decisive solution. [11] In 1998, the UN identified lack of
freshwater as one of the major problems facing humanity. There have been various efforts to bring co-
operations among the Nile counties but there has been little to no success.

This theoretical research is an engineering attempt to assess the amount of water that can be
saved by preventing its evaporation with the use of partial covering to the top surface of Lake Nassir-
the reservoir of Al-Sad Alaly in Egypt. The expected saved water might be added to the existing Nile
discharge to reduce the problems between neighboring countries due to water lack. One of the
physical phenomena stated that; the evaporation process is increased by the increase of three factors;
Temperature degree, wind velocity and surface area. While the first two natural factors are difficult to
be changed, the surface area is considered as the only factor that can be adapted to reduce water loss
by evaporation. The surface area of water is decisive regarding evaporation. Whatever the quantity of
water was, if it sprayed over an infinite area will require no time to be evaporated while the same
water quantity could be totally saved if it flows through a sealed pipe.

«»  MATERIALS USED

The following materials and tools were used to
perform the test:

1- Three tapered plastic pans having the following
dimensions: Upper diameter is 25cm; Lower diameter is
15cm and a depth of 12cm.

2- 20 x 20 x 2mm pieces of Styrofoam sheets having a
density of 100kg/m?.

3- Thermometer.

4- Scale.

Fig. 3. The three pans after three days

«¢» TESTING PROCEDURE

Each of the three plastic pans was filled with 4kg of water. Pieces of Styrofoam having the size
of 20 x 20 x 2mm were floated to cover an area of 245.5cm? which was equal to 50% of the top surface
area of pan#1. With similar pieces of Styrofoam only 25% or 122.75cm? of the top surface area of pan#2
was covered. Pan#3 was uncovered to be as a reference for free evaporation. All other circumstances,
wind, temperature degrees and water temperature were the same for the three pans. See Fig 3.

Table 1. Weight of evaporated water with time

: Weight of evaporated water (gm) : Weight of evaporated water (gm)
Time(day) 50% covered 25% covered 0% covered Time(day) 50% covered 25% covered 0% covered
1 90 180 225 27 2770 3520
3 360 525 720 29 2825 3650
5 625 1000 1280 31 2880 3760
7 930 1380 1700 33 2920 3880
9 1210 1700 2080 35 3000 3950
11 1470 1980 2410 37 3090 4000
13 1760 2250 2770 39 3210
15 2050 2500 3100 41 3300
17 2260 2700 3480 43 3410
19 2400 2930 3840 45 3540
21 2490 3080 4000 47 3670
23 2570 3210 49 3840
25 2660 3400 51 4000
368
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024 6 81012 14 1618 20 22 24 26 28 30 32 34 36 38 40 42 44 46 48 50 52 During the test the air temperature was
55 ranging from 32 to 42 C with an average of 36 C.
= 2400 The weight of the evaporated water was
3 2000 recorded daily for each pan as shown in table 1.
$ zs00 The experiment took 51 days to be terminated
§ 20 after the complete water evaporation in pan#1.
& 2000 It should be noted that the uncovered pan#3 had
5 1600 v ncovared lost its water rapidly after 21 days, while pan#2
£ 1400 . . .
® 1200 FHED 42 25% Covered which was partially covered had lost its 4kg of
= 1383 z \;fj 50% Covered Water after 37dayS.
ol Test results were drawn in Graph 1 to show
200 the daily evaporation of water in each pan. It
W 1012 14 1618 20 22 24 26 28 30 32 34 36 38 40 4244 46 43 50 52 Can be seen that after 20 days the covering of

Time (day)

Graph1. Water evaporation with time 50% of the top water surface might save

1550x100/4000= 39% of the evaporated water
and 1000x100/4000= 25% of the evaporated water if only 25% of the top surface was covered. The
Graph also shows that the inclination of the curve of the uncovered pan#3 is approximately straight
during all the period of 20days that was required to evaporate all the water in that pan while the
inclinations of the other pans#2 and #3 started to be approximately straight during the first two weeks
then flattened with time. That was because of the tapering of the pans which might simulate the real
shape of actual lakes and water reservoirs. The Styrofoam pieces started to cover 50% and 25% and
finished to cover 140% and 70% of the top water surfaces of pan#2 and pan#3 respectively.

% DISCUSSION

It is clear that there is a direct relation between the amount of the evaporated water and its top
surface area. Covering part of the top water surface with a floating waterproofing material will reduce
the surface area then will reduce the rate of evaporation. The low thermal conductivity of the
Styrofoam will protect the water from being heated by direct sunlight; that will also be reflected in a
further retardation in evaporation process because that; the decrease in water temperature means a
reduction in its evaporation rate. Moreover, the white color of the Styrofoam will successfully reflect
sunlight and therefore it will keep the water cooler and more inert regarding evaporation. This
experiment might give an initial indication of how to protect natural water from excessive evaporation.
The experimental size of Styrofoam pieces of 20 x 20 x 2mm might be enlarged 50 times to be
1000x1000x100mm for actual use.

Reducing the amount of evaporated water will not only save water but will improve its quality
due to the reduction of water salinity concentration.

It should be mentioned that actual wind, waves and water currents will have a noticeable effects
in practical application. Some losses should be expected due to the mentioned factors which will
create a percentage of overlapping of the Styrofoam pieces which means a reduction in the covered
area and a decrease of the fine results that had been reached in the laboratory. Anyway, it is worth
trying for its low cost and great expected results for saving valuable natural pure water.

If 50% of the top surface of Lake Nassir (5250/2= 2625 square kilometers) covered with Styrofoam
pieces of 1000x1000x100mm then 39% of the estimated 10 km?® of the annual evaporated water can be
saved. That is 3.9 km? of fresh water which equals an increase of (3.9/10x18 %=) 7% of Egypt's share of
the annual flow of the Nile.

Also, if 25% of the top surface of Lake Nassir (5250/4= 1312 square kilometers) covered with
Styrofoam pieces of 1000x1000x100mm then 25% of the estimated 10 km? of the annual evaporated
water can be saved. That is 2.5 km® of fresh water which equals an increase of (2.5/10x18 %=) 4.5% of
Egypt's share of the annual flow of the Nile.

«  CONCLUSIONS

The following conclusions can be derived:

Reducing the top surface area of a lake or a water reservoir will reduce the amount of the lost

evaporated water.

Floating Styrofoam pieces can be used to partially cover the top surface of water.

* Covering of 50% of a top water surface will save 39% of the evaporated water, while covering of

25% of it will save 25% of the lost water.

<> Using of 1000x1000x100mm Floating Styrofoam pieces can reflect the direct sun light keeping
water cooler and more inert to be evaporated.

X Reducing the quantity of evaporated water will improve water quality by reducing its salinity
concentration.

< The saved amount of water can be added to the existing water.
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X It is expected that this result can be applied in a large scale as in the case of Lake Nassir in Egypt
to save about 3.9 km?® of fresh water annually which equals to an increase of 7% of Egypt's share
of the annual flow of the Nile.

X More researches are required to be done to study the effects of Winds, Waves and overlapping of
Styrofoam pieces in actual cases compared to the laboratory results.

«¢» REFERENCES

www.aldoRRan.com/geography/nile.htm

]
] en.wikRipedia.org/wiki/Aswan Dam

[3.] Fao

[4] www.voanews.com/english/news/africa/north/Ethiopia-Egypt

[5.] en.wikipedia.org/wiki/Dams _and hydropower in Ethiopia

[6.] articles.latimes.com/2010/sep/11/world/la-fg-nile-battle

[7] www.2logicstudios.com/.../wiRi/view/EGYPT: +POPULATION+TRENDS
]

www.populstat.info/Africa/sudanc.htm

[9.] en.wiRipedia.org/wiki/Merowe Dam

[10.] news.bbc.co.uk/2/hi/science/nature/4274757.stm
[11.] dimun.info/researchreports/ECO%20T2.pdf

EER D0 mmEm0
%!1- 000 nEmm

™
B
SETANNALS |88
]

E].._,

P aceny (00
Dg llunednm Qa

@@ o[ )
ug hm MI mm
EEEE 000  eDm
UeeEE 0D0 @@

ANNALS OF FACULTY ENGINEERING HUNEDOARA
— INTERNATIONAL JOURNAL OF ENGINEERING
copyright © University Politehnica Timisoara,
Faculty of Engineering Hunedoara,

5, Revolutiei, 331128, Hunedoara,
ROMANIA
http://annals.fih.upt.ro

370 Tome IX (Year 2011). Fascicule 3. ISSN 1584 - 2673




<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /All
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /Description <<
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000500044004600206587686353ef901a8fc7684c976262535370673a548c002000700072006f006f00660065007200208fdb884c9ad88d2891cf62535370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef653ef5728684c9762537088686a5f548c002000700072006f006f00660065007200204e0a73725f979ad854c18cea7684521753706548679c300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /ITA <>
    /JPN <>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020b370c2a4d06cd0d10020d504b9b0d1300020bc0f0020ad50c815ae30c5d0c11c0020ace0d488c9c8b85c0020c778c1c4d560002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken voor kwaliteitsafdrukken op desktopprinters en proofers. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /PTB <>
    /SUO <>
    /SVE <>
    /ENU (Use these settings to create Adobe PDF documents for quality printing on desktop printers and proofers.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /NoConversion
      /DestinationProfileName ()
      /DestinationProfileSelector /NA
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure true
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles true
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /NA
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /LeaveUntagged
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


