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Chapter 1
GEOLOGY AND TOPOGHAPHY

1l w@ggieggg

_Tha surfoclal geology of the region is related 4o deepseated structural activity,
to wind and water erosion end deposition, and to deposition and erosion by the mess
Rocks which outcrop in the ares vange in age from Miccene Ho Recent. (see Map 1)

The Recent and Pleiastocene podiments which mantle the surface consiet primarily of
windblown sand and silt and also of alluvial material eroded, transported and deposited
by surface water. The active coastal dunes generally consist of loose semi-congolie
dated limestofe grains which have been redeposited in their present highly crossbedded
attitude by the wind. The continuous wetting-drying action of water, wind, and
sunshine on the limestone has caused a thin, case-hardened upper surface which is
irregularly covered by & mantle of loose, shifting sand. Underneath the case-~hardened
gurface the dumesare generally semi-consolidated and highly permeabls,

The saline olays and silts deposited behimd the coastal dunes, and sometimesn
between the second and third older consolidated dune ridges, are of both marine and
fresh water origin. Material eroded and transporied by surface runoff is deposiied in
temporary lakes and in other areas where the runcff is slowed by a change in topographio
gradient or by manmede barriers. In areas where the sea has breached the dunes or
where ges water overtops the dunes at times of rough seas or excessively high tides,
palts are left after the evaporation of the sea water. The windblown sands and silts
which £111 the inland depressions are derived from the demert and from loome sands on
the coagtal dunes. These deposits £ill low places in the consolidated rocks and may,
along with water-deposited sediments,fill wadis.

The first and second consolidated dune ridges conglet of Pleistocens windblown
limestone grains formed along ancient shorelines and are similar to, but mors congo-
lidated than, the present coastal dunes. The ridges are casme-hardened, high croage
bedded and solution riddled.

In some areas these older ridges are well preserved bud in other areas they hove
beon reduced or removed by eroslon.

Hear the copst the Pliocene and Miocene formations consist chiefly of interbedded
limestone, marl, and olay with subordinate beds of mandetons, shale and gypsum.
Purther inland the sandsitone and clay beds are more prominent. The limestones sare
oeoagionally Tossiliferous and scellular, but for the most part are fine btexitured end
compacth.

The Miocene rocks are underlain by sediments of Oligocene, Eocene, and possibly
Paleocene and Cretaceous age which do not oubcrop in the coastal plain. These sodi-
ments sre not discussed here but are briefly summarized in Taeble I,

The rocks in the coastal plain strike in a general sast-west dirveotlon and dip
gently to the north, except whers they have been disturbed by structural activity.
Veristions in the gensral east-west strike and the northernly dip occur along the
plateau in the vieinity of Ras e Hekme where the rocks gtrike northescouth and dip
4o the enst; in the vieinity of Garswls, southeast of Hersa Matruh, whers the rocks
strike northwont and dip northessti end southwest of Sidi Barranl where the elrike is
szat-wc 3t but the dip is towards the souths Seversal mwmell structursl besing have baen
dotectos in the comsial zone, the best known being the synclinal basin at Fuka.

Saversl Taulte have been mapped in the coastal plain, primerily slong the esocarpment
and noar Hogeila betwsen the escarpment and the coaat.
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2. Topography

Zslo "MQOduG“Bi Q1
The North Wesmtern Coastal Region, as it is defined in the Plan of Operationg
i a narrow strip of a width varying from 5 to 40 km, extending 35 km. west of
Alexandria to the Libyan boarder ~ g distance of 480 km. approzimately. It is bounded
to the north by the Mediterranean sea and io the south by the Libyan Plateau.

The area as defined above presents the following general morphological characw
teristices

Almost conbinuously along the coast, one or more ridges of dunes are formed, the
first being the present sand dune and the others the old consolidated dunes. Narrow
plaing some of which are marshy are found between these ridges.

Bohind the ridges of dunes lies the main plain, very variable in width and ususlly
of an even slope. There follows a succession of transitional zones up o the Libyan
Platean, The general slope of the whole ares runs roughly south-north.

Bemides the above-wmentioned main dopographical festures there avre large asreas of
irregular relief forming series of closed depressions surrounded by low hills.

The western half of the region is cutb into by a considerable number of stream
beds (wadis) flowing generally south-north. The region can be subdivided into five
distinct areas, each with ite own particular topographical featurss. The topography
of egch of these areasg is discussed below.

2els Topographical Mapas

The following topographical maps were made available to the projecte
1o 1:l 000 000 map of the UiA.R.

2o 1:B00 000 map of the U.AH.

3o 12100 000 map of the HNorth Western Coastal Beglon

4o L1325 000 maps of the areas Burg-ele-frab, Hamman, Dabaa and Matruh.

Be  L2l0 000 wmaps Gf‘fhﬁ ares bebtween Matruh and B1dl Berrani and the
aress of Bagqush and Fuks

6o 122 500 maps of the Pilot Project avea (Wadi Maguid, Wadi Bnthely,
Wedi Kharun and Micro-Fuka)

263 The aves from Szllum 4o Sidd Barranl

The oliff of the Libyan Plateauw starts very close to the sea st the
wesbern extremity of the region and, taking wp & south-easterly direction, mms
inland to a distance of 40 km from the mea. From here, south-west of ®idl Barrani,
1% durns and runs parallel do the ses in & west-east direction.

A 7 at coastal band 2 <4 km wide is found behind the ridge of dunes, starting
some 10 wm saet of Sallum.

The sves betwesn the coastal band and the pladesu has & rather pronounced relief
and thers are seversd lterraces.



Thersare o few large depressions along the edge of the plateau. Some imﬁortant
gtreams exlst at the escarpment of the plateau,; especially south west of Sidi Bearrani.

2.4. The area from Sidi Barrani to Rasg Abu Laho

This area has very uniform topograpvhical features. The coastal belt of
alluvial soil is wery narrvow and intermitient. South of the coastal belt, a large
area of gentle wniform slope extends up o the plateau. Thig ares is traversed by
many parallel streams.

There are some important sandy zones inside the area, wilith undulating relief,
The Negeila pilot area is included in this area.

2+%. The srea from Ras Abu Laho 40 Ras el Helms

The ¢liff of the Libyan Plateau is very pronounced throughout the ares.
It runs parallel to the coast at a distance varying from some hundred metres {Rageele
Hekma) to 25 km (near Matruh).

The discontinuous ridge of dunes develops at a distance varying from 200 metres
to 3 km from the coast. A narrow coastal plain of gentle slope is found between the
gea and this ridpe.

South of the ridge, the main plain slopes evenly up to the escarpment of the
plateau, There are some salt lakes in the lower part of the plain, some of them
having outlets to the sea. The escarpment of the plateau is deeply cut into by
streams, some of which cul into the higher part of the main plain.

The pilot areas of Baqqush and El Qasr are included in this area.

2.6, The areas from Ras el Hekma to El Alamein

This area has no dominant bopographical Teaturss. It consiste of an irregu—
lar succession of aliternating low hills and closed depressions, sloping up from south
to north. There isanalmost continuous range of dunes along the coaste. West of Fuka
the cliff along the edge of the Libyan Plateau becomes pronounced.

The pilot areas of Dabas and Fuka are included in this arsa.

2.7 The areag from Bl Alamein easbwards

There are three almost parallel ridges of dunes in the area: the present
sand dunes ridge, 400 -~ 600 m wide, and itwo old consolidated ridges of dunes 20 = 30
m highe The distence betwsen the present sand dunes and the first old consolidated
ridge is some hundred metres and the distance between the two old comsolidated ridge
averages 3 kn,

About 5 km to the south of the third ridge there is a very marked relief aligned
regularly. Further south the relief shows a slight slope from south t0 norih.

The depressions formed betweén the ridges are flat and of low aliitude, partly
covered by the waber after heavy rainfalls.

The ridges have a relatively gentle slops and the lower paris of them contain
the most important agrioultural soils of the area, planted mainly with fig trees,



Chapter 2
CLIMATE

1e Introduction

The following study is based on 30 years of data kindly provided by the Meteoroloe
gical Department of the U.h.R. Thanks are due to Dr. Fathy Taba, Director of the
Meteorclogical Department of U.A.R. and to Dr, Gidamy and Dr. Harpe. New normals wore
calenlated on 30 homogeneous years for the rainfall and 15 years for the other datae
All the existing meteorological stations are situsted along the coast and, therefore,
no data exist about the inland climate. No attempt to define it with the help of the
netural vegetation has been made in this report. The relation between vegetation and
climate will be ascertained only after some years of observations collected by the new
meteorological stations inland,

1.1: The climatological network of the area and the
information available to the project.

The north westerncoast of the U.h.H. has nine meteorological stations
between Alexandria and the Libyan border, They form part of en excellent nelwork,
well operated by the Meteorological Department of U.A.R. (Minietry of War). Fige 1
glves their location and Table 2 the mumber of years of observaticn.

Mogt of these mtations have been working for more than forty vears. The
Alexendria station has funcitioned since 1885, the Mersa Matruh, Sidi Barranl and
Sallum stations are more recent and show gaps at each war period. El Dabse station
shows gome irregularities for cerdain years, and Ras-el-Hekma, Dekheile, Mersa Matruh
and Bl Qasr stations have lessg than 10 yesrs of observations. All the stations are
equipped with standardized instruments, on the pabttern of the British Meteorclogliesl
office, consisting of & raingauge, & rainiall recorder, a dry wet bemperaturs recorder,
a maximum and minimum thermometer, & dry and wet bulb thermometer, an snemometer;. s
precigion barometer and a bavograph., and a Piche evaporometer.  The agro-meteordlogl-
sl station of Bl Qasr possesses s suwshine recorder, a Robitsch radiation recorder,
goll thermometers and e USHE classg A eveporsition pan.

The Nile Control Inspeciion {Mimimtry of Public Works) operates 4 rainfall
gtations. Paily readings are made by the stalf of the railway stations of Burgeele
Arab, Bl Hammam, Fuka and Ras-el-Hekma. Their reliability is doubtful.

& "Daily Weather Hepord! gives the 00600, 1200 and 1800 U.T. Synoptic observations
for sll the UsA.R. meteorological stations. A "Monthly Weather Report”, describing
the general weather conditions of the month and publishing the wonthly means, wag
iasued from 1987 so 1961, An Phnnual Report" was issued between 1958 and 1961, T%
{o repretable that these two excellent publications have bheen stopped. The obgervas
tions made by the asgro-meteorological statlions were published from 1961 in a stencilled
bulleting "The Agro-Meteorological Mounthly Beport®. The bulletin included monthly
date of goll temporature, alr temperature and bumidity, surfsce wind speed,; total
radiation and durgtion of sunshine and evaporsiion of a class A pane Unfortunately,
publicaotion gtopped in 1966,

Az regards the publication of normals, the Meteorclogical Department lssued in
1950 o hooklet entitled “Climatological normals for Bgypt®s. The normals referring o
the sh lons of the reglon were calcoulated on periods ranging from % years %0 moro
then 50 yveors.

Monthly snd annuel rainfall totals and the number of rainy days were published by
the Nile Control Depariment (Ministry of Public Works) (Hursi, Block, Simaikas  The
Nile Besin, Vol. VI Supplement 1,2, 3 1943 to 1957), The SOGREAH report (1960) on tho



hydrolopy of the north west coast, gives valuable information on rainfall, 1ts inten~
pity and distribution. Many authors include clinatic dats quoted from the “"Climato-
logical Normals” (Atta 1953, Migahid-Ayyad 1959, Aslan 1959, Sherkawy 1961 etec..) In
their etudics of the region few of them calculated new averages. ’ ’

Table 2
METHOROTOGICAL NETWORK

Stations Alti-| Distance to Kinds of data
tude
Sea|Nearast |Rain-} Temp. Wind Evaporation [Sun- [Soil
station|fall -+ : shine [tenp.
km humi-~ |8p. Din |[Roc. Piche [Clase durs-
dity tion
Pormanent  Stations | m { - ~km= =)
(Daily)

Aiﬁxahdria(ﬁivport) 7 - - + + + 4 I + - + +
Dekhila 6 0 - } + E BT s +

Purg-el-Arab 10 5 - + + + + + + + + b
t1 Dabaa 18 6 - 4 4 T N + +
Ras el Hekma 40 0 - + + & + + + »
M, Matruh (Airport) | 30 4 - + 4 + + + - N
Tl Qasr 4 1 - + + T + + +
5idi Barrani 23 ) - + 4 + * 4 - g s
Sallum [ 0 = 4 s + s + 4

Poriodic stations

(Neekiy records )
South Dabaa 80 17 16 + + + +

bar el Kanayis 200 50 54 + * + +
Siwa cross road 140 12 12 + + +
Negeila 110 8 60 + - "

arraria 80 16 18 + + 4 +




Table 2 (cont.)

Stations with Al titude Distance to Rainfall
rainfall records Sea Nearest
(Weekly) only Station
o T
« 10 km in Siwa road 165 20 20 4+
= 10 km east of Siwa road
on the railway 140 16 12 +
- Wadi Mahlab 100 6 4 +
- Hogeils railway 155 23 58 4
- Fuka 25 305 17 +
- Baggush rallway 95 2o 22 +
- Wadi km 9 25 1 1 o+
~ Wadi Ramla (North) 40 6 4 +
~ Wadi Mahlab (Nowrth) 100 5 25 +
- Wadi Tawila (North) 50 3 50 +
Raln gauge transerd
{Weekly)
Siwag road
1 170 31 30 2
2 200 39 39
Zarrayas road
1 55 9 9 +
2 80 16 18 +
South Daba
1 65 14 10 o+
2 80 17 20 +




10

1.2. Work domes under the Projects

Caleulation of new normals

The existing normals were established either on a small number of yeasrs of
vbservaltion or different years of observation, which precludes any accursie comparigon
between stations. Thus it seemed that new normals should be celoulated to render
comparisons more accurate.

A periovd of +time was chosen long enough to calculate significant means and o
include +he same years of reliable and complete observations for nearly all the stations
of the coasb, Por rainfall, normals need a minimum of 30 years to be reliable. The
gelected period, 1925 4o 1940 and 1951 +to 1965,excludes the war years and some pogt-war
years during which the sbations were not fully operating. For +the other climatic datse
{air temperature and humidity, wind speed), the belween~year variations are rather low
and 15 vears of observations (1951-1965) were judged to be sufficient.

New eclimatological network

To discover the best use of rainfall, runoff and groundwater for developing
agriculture and improving the grazing capacity of the ranges,; isohyets up to aboui
50 km to the south were sketched and data collected concering freguency, duration and
intensity of rainfall in the catchment aresms of the wadis.

Az ghown in Fig. 1, all the exisding meteorological stations ave situated along
the coast or not farther than 10 km from it. Therefore,a network of 5 weekly periodic
gtations inland, having meteorclogical equipment standized with those of the Meteorolow
gleal Depariment stations, was installed. Theme stabtions are operated by the Meleorow
logical Department staff and thus provide reliable data which can be compared to the
coagtal stations,. One daily station belonging to the Meteorological Department Nete
work at Burg-el-Arab was utilized.

Ten rainfall recorders were set up in 4 catchment areas, for hydrological studies.
Bome raingauges were placed along north-south itransect lines, (south of Bl Daba, south
of Matruh along the Siwa Road and south of Sidi Barrani) to assess the decrease of
rainfall with distence from the sea. Readings were taken weekly by the Meteorological
Deparitment staff.

The maintenance of the weekly metedrlogical stations located inlend, however, was
diffiould, Problems of transportdgtion, persomnel, guardisnship, and water delayed
the heginning or observations. The whole network was ready to work in October 1968,
&% least 3 yoars of obmervations will be necessary bo provide e First indieation of the
water budget of the region.

2. Mnin FPactors Determining the Climate of the Area

Four facbors contribute to the climave of the regpion @

- The situation of the region with regard 4o the general circulstion of the
atmosphere.

= The proximity of the Mediterranean sea.
= The orvientation of +the coasi.
- The orography.

There is no doubt that the first factor im the most important one. The Northe
Western Coastal Region stretches from 31°38 W 4o about 30°40 ¥ (South of El Hammam) and
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from 25°11 B (Sallum) to 29957 W (Alexandris). A% this latitude, the weather ie
controlled in summer by the subtropical high pressure belt and im winter by the

cyolone moving easiward with westerlies. The summer situation is characterized by a
stationary (or slowly moving eastward) antooyclone on the central Mediterranean Sea and
Libya, while deep monmoon lows stay over Iraq and Sgudl Arabis. In the region this
results in a clear sky, no rain, high solar radiation end relatively week winds during
the summer months (May to Septamber%» The mituation changes in Qotober because of +the
weakening of the Mediterranean antioyelone. Cyclones formed over the Atlantic or over
certain favourable regions of the Mediterranean Ses (CGulf of Cenoa, Cyprus) penetrate
egatward with the wemterly winds, These cyclones extend sufficiently to affect the
region (meinly the Cyprus Low), and account for practically all the winter rainfall,
Bainfall occours as showers associsted with cold front cumulus clouds.

The proximity of the pea has g direct effect on the air temperature and humidlty,
and consequently on evaporation and condensation.

The orientation of the coast with regard to the prevailing winds is probably the
main explanation of the difference in the distribution of rainfall along the coaste
The parts of the coast directly exposed to the north-west winds (the Western parts of
the Delta, Alexandrie %o Burg-sl-Arab) receive more rain than those facing the north-
west (Sallum, Fuka).

The role of orography is yet unknown. It will be assesmsmed by the data of the
new meteorologlcal sitation, installed by the project, at Aber El Kenayes, on the 200 m
contour line and about %0 km from the coast. It is possible that the altitude has
gome effect and that the rainfall on the plateau is more abundant than expected.
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3 Vpin Features of the Climate

3.1, Rainfall

The gverage rainfall and i1ts diptribution along the coast,

Table 3 and Pig. 2 show that the average amounts of rainfall obsmexrved in
eight stations of the North West coast range between 100 and 150 mm. Such a low
amount places the zone at the driest limit of the arid climatle.

Teble 3: Averace Monthly and Annual Rainfall

30 years (1925 - 1939, 1951 ~ 1965)

[ Sl e R I ol i1 I B et ER e I IR e )
Alexandria 46,4 127.3 1 8.9 13.0 {1.71 01 01 0 | 0.5 7.8 33.4f 51.6/ 180.6
Burg-el-Arab | 42.1 {22.1 | 4.7 {4.1 (0.6] 01 O] 0O {0.4]13.7] 31.4] 35.5 156.6
Bl Hammamn 28,5 118.7 1 5.3 1.5 10.51 0§ 0] O | 3.21 8.9} 25.1] 28,3 119.9
El Dabaa 32,6 (16,1 | 9.2 [ 2.6 2.6} 01 0]0.3] 1.0 8.1} 29,31 36.8] 140.6
Puka 21.8 118.5 | 4.8 11,0 (1,51 0| 0] 0 {0.8111.7] 19.1] 29.2 108.4
Mersa Matruh | 36.4 [20.3 [10.3 3.8 12,2 [1.9 01 0.5} 0.9 12.1} 23.6] 35.6] 147.6
Sidi Barrani 38,1 {194 (102 11.6 2.3 10.2] 0] 01 ] 06311441 21.9] 35.0] 143.9
Sallum 21.3 [15.8 | 8.2 11.3 12,81 01 010,510,110 7.9} 19.8 24.5f 102,2

Only a smell part of the coast, from Alexsndria (181 mm) to Burg-el-—irab (157 mm)
ia a little more favoured.

Bl Daban, Mersa Matruh and £idi Barvand receive the same amount of precipitation:
about 145 mm.  The low amount of rainfall at Il Hammam (120) cannot at present be
explained.,

Puka, protected from the rainywind by the rocky crest of Ras el Hekma, and Sallum
on the leeward side of the Jdbyan platean,both receive a little more than 100 mm. I+
mazt be noted, however, that the data Tor Tuks and El Hammam are less reliable than
other data, It is etill difficult on the grounds of these data, collected so very
near to the sea (no further than 5 km offthe ghore), to make any assumption on the
inlond distribution of the rainfall, or %o ‘race the isohyets.

An attempt to show inland distribution was made, however, by F. Mali (1952) who
used the Delta stations (see Flge 3),

Ismail Bl Ramly, in a later work (Desert Institute 1966), still unpublished, has
also drawn lsohyets in & precipitation map of Bgypte These two maps show clearly that
the Worth Western shore of the Delta (Alexandriaﬁ Abukir, Rachid and Borollos) is
relatively well watered (150 - 200 mm). This is well explained (E1l Fandy 1946) by the
dominance during winter of the cold north west currents on the edge of the Cyprus low,

The 150 mm ischyets seemz %o follow the coast closely. The 100 mm isohyetis

cannot be drawn with any confidence solely on the datas of Damietta and Damamhour on

one side and Sallum on the other wmide. Juch maps have thus a geographical interest
but are not accurate enough for technical purposes, The measurement of rainfall in
the new inland stations of El Dabaa (south), Mersa Matruh (Aber el Kanayis) and Sidi
Barrani Garraria) for at least 3 years 1ls the only way to asceritain the pomition of the
100 mm lsohyets, Hevertheless, the first data obtained in hydrological studiem on
Wadl Ramla (86@ Boonomides - Harhash - Interim Report April 1968) indicate that the
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decreage of the amount of rainfall with the increasing distance from the sea is probably
more imporiant than can be predicied by the Delta figures. The rainfall recdrded at
12.5 km from the sea at the limit of the cabchment area of Wadi Remla (nepr Mersa
Matruh) was only 58 percent (54 mm) of the rainfall at EL Qasr (97 mm), during the
winter 67 - 68,  This difference could be considered as significant as it was
systematic for each monthe.

Distribution of rainfell during the vear

Figs 4 shows the monthly distribution of rainfall, and Fig. 5 the seasonal distri-
bution in percent. The rainy season begine during the second half of October.
Three quarters of the total amount falls from November to February. December and
January are the rainiest months with an average of 35 mm per month. Some ghowers are
gtill observed in March, but the spring is dry and receives only 10 percent of the
totals

The dry seagon lasts 6 -~ 7 months without precipitation, except for a few stormy
raing in April, May and September. This typlcal winter rainfall regime sets severe
conditions for agriculture. The lack of good spring reins and the rather high
evaporation in the winter reduce considerably the replenishment of the smoil water
gtorage,

The mean annual number of rainy days according to the minimum amount, is given in
Tables 4 a4 by ¢, and d, Of the 42 rainy days per year, only a few bring enough water
Ho moisten the moil. 25 days record rainfslls greater than 1 mme A rainfall of more
than 5 mm is obsgerved T days per year. Rainfall of more than 10 mm / day, gonerally
falling with an intensity high enough to fill the wadis, only occurs 3 or 4 times per
year, mainly in Descember and January.

Pable 4 a_: Mean Number of Rainy Days R / / 0.1 mme (a)

Tear & 1951 - 1965

Stations Jdi P M & M Jd & A ] 0 i3 D Mean

N IR Ry S

- w | daygl— « wle = o = e
563] Lo6 | 1oL 0.0 | 0,0 | 0,0} 0.3 309 1 Te2 10,9 | 477

Alezandria 10,1 7?3
Dabaa 506 [ 3.7 |19 051 05| 0 0 0 | 0s2] 33137 | 5.3 246
Mersa Matruh 8o0 |63 [4eT] 2.7 1 122] 0.2 | 0.0 | 0,0 0ol 3.7 | 63 | 804 | 41,9
Sidi Barrani 900 | 5T | 48] 004§ 18] 0.2 | 0,0 | 0o1 | 0.3 3.8 4.8 | 9.3 |40.2

Sallum To3 14.8 13.711.8]1.9] 0.2 o 0 1050 3.212:9 | 5.4 | 31,7
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Table 4 b 3 Mean Number of Rainv dave R / / 1 mm. ()

Tear : 1951 - 1965

Arnmuald

Btations J B M A M J J A B 0 ki D Mean
| e ot o | QEYE e e o ow P P P e [ |
dlezandria GaT] 4.8 ] 2,5 10,71 1.1]0.0] 0.0 001 0,21 25 1 4:3 Tod 1 30.2
D&bﬁa 4'4 207 1@2 0.2 }034 0 0 . 0 0.2 1»9 Qw3 308 17&1

Mersa Matruh| 4.9] 3.7 1.8 10.6] 0.5{0.1{ 0.0 | 0.0 0.2] 2.2 3.4 5.7 23,1

5idd Barrani 6-3 2.8 267 0.5 0.7 1 0.1 0.0 0.1 0,00 2,1 3&4 604 2501

Sallum 3,61 2,1 11.4 10.3] 0.710.0 0 Q 0 § 1.8 11,00 3.2} 14.1

Table 4 ¢ 3 Mean Number of Rainy days R / / 5 mm, (c)

Tear & 1951 = 1965

Annual

Stations J r M A M o A B 1 8 0 ) D Mean
(* RS B IR - ﬁays S R o o s fes ws e
Alexandria 2.6 2,0 [ 0.4 (0.2} 0,0 0,01 0.0 | 0.0 | 0.0] 0.7 {19 3.9 11,7
Dabaa 107 Ow? 1.0 (0.1 0.1 O ] 0 Oo1] 102 1162 109 8@0
Mersa Matruh 107 009 906 0.1] 0.0 | 0.1 0.0 0,0 0.1 007 103 199 ‘7@3
8idi Barrani 3021 0.5 10,7 10.1] 0.0 | 0.0 0.0 0.0 0.0 1,2 0.8 2,2 8@7
Sallum an 100 005 Owo 002 0 O | O O 103 O 102 5n2

Table 4 d s Mean Number of Rainy days B / / 10 mm. (a)

Tear 3 1951 - 1965

Annual

Stations o B M A M J J A 8 0 il D Hean

(AR IR A TR Sy . dayg | = = = = e b oo oo o w wd w w o)
Alexandria 1041 0.7 0.1 0.0 0.0 10,0 0,0 0.0 0,01 0.3 10.8] 1.9 5.2
Dabas 1.0 Oed (0.1 10,11 0.1 0 0 0 Dol ] 004 10,81 1.0 4.0
Mersa Matruh | 0¢8] 0.3 10,0 [0.0] 0,0 [0,1 ] 0.0 | 0.0 | 0.0 0.5 10.5] 0.9 | 3.1
Sid_i B&rl‘&ﬂ:}_ 1@5 0@3} Ool an O@O 0.0 0.0 OOO Qoo 0@‘4’ 003 102 3@8
S&].lmm Oa5 005 002 0 001 O O O 0 006 O 006 202
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Variationsg of rainfall from year %o vear

In arid olimates, the variation of rainfall from one year %o anothar’maﬁ he” so

iTgorﬁgnt that 1% precludes dry farming egriculture, even if the annual mean sesms Lo
allow 4.

As the time distribution of the annual amount seldom follows the Caussian lew when
the annual amount is low, it is in principle not possible to use the standard deviation
a8 a dispersgion parameter. The interammual variability ie then used in such a case.

It is caloulsted on  long time records by the formulas

(R - R) « (R -~ R) «+ (r - R )

IIW wm L 2 2 3 Tie], 7

n o= 1
= interannual variability
R = annugl rainfall (hydrological year June 1 - May 31)
n = number of years of observation
The relative interannual variability (Iav) ry is expressed in % of the annual average.
()= = Iiv X 100
B s annual gverage.

Table 5 shows the interannual variabilities of wainfall observed along the coasgt.

Table 5.

Interannual Varigbility of Hainfall slong the coagt of the North Western
Coastal Region

Tumber of years Annual Interanmal Relative &
Station of observation average Varisbility I__ (I&v)r hd
years am mm %
Alexandria 50 180 57 32
ElL Debea s 38 143 3T 40
Herss MHatruh 40 145 &7 46
Sidi Berrani | 35 148 57 37
Sallum 38 106 ‘ T2 68

It is generally considered that regular dryland farming agriculture is practically
impossible with a rainfall which is s0 scarece and smo erratic. The rainfall in
Alexandris and surrounding areas is more regular and abundant than in Bl Dabaa and
Mersa latruh. Sidi Barrani, which has the same annual average as Mersa Matruh, shows
less variebility. Sallum, on the contrary, has a desert climate with a very high Tgy.
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Comparing these results with those of Perrine Brichambaud and 0. Wallen Tor ihe
Middle Baat, it appears that the region is quite similar, as far as rainfall is
concerned, to the Deir el Zor area in Syria.

The I o 88 high:aﬁ it is, is nevertheless lower than that of many parte of the
Middle Eas%, sush as Mesopobania, the Iranian South coast, or the Bastern Moroccan
platepu.

Tregquency of occurrence of dry snd rainy vears.

The observed values of average annual rainfall, calculated on the basis of
hydrological years (June 1 = May 31) were plotted on probit papers {see Graphs hyByCy
D and E). It appears that the observed distribution Fits rather well with the normal
law except for Sallum. In Alexandria, rainy years with more than 250 mm may occur
once or twice in ten years, whersas dry years receiving lesg than 120 mm are expecied
once in ten years.

In Matruh, El Dabas and S5idl Barrani, annual rainfall of wore then 250 mn are
exceptional. A rainfall of more than 200 mm ocecurs twice in ten years. Dry years
receiving less than 100 mm occur two or three years in tsn.

Por Bpllum, the distribultion is highly dissymmetrioc. Despite the low annual
average (102 mmi, high annual amounts are sometimes observed, more often than, -

would be predicted according to the normal law. On the other hand, degert conditions
with rainfall less ‘than 50 mm prevall about twice in ten years.

Rainfall Intensit

In 47 years of observatlon, in Merse Matruh, which rapreéentﬂ the average
conditions in the region, a rainfall of more than

50 mm / day was observed 5 times or 10.6 %
75 mm / day was observed 2 times or 4.3
98 mm / day (max) wes observed once or 2,1 % (SOGREAH Report)

The maximum rainfall intensity recordsd during the last 15 yeavs wag 50 mm in one

daye On that day, of the 50 mm which fell during 12 hours, 45 mm fell in 6 hours,
and 34 mm in one hour,

The distribution of a rainfall intensity of over 2 mm during 1 hour is the
following (1951 - 1965)

more than 2 mm / hr : 100 % of the cases.
more than 5 mm / hr ¢ 85 % of the cames.
more than 10 mm / hr : 30 % of the cames.
more than 20 mm / hr ¢t 15 % of the cases,
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3e2. Alr temperature

Table 6 indicates the mean monthly maximum and minimuwm observed during the
reference period 1951 - 1956 in five meteorclogical stations of the regions.

Table 6

JiPr  uw At gl gl oalos 0 N { » |Amu-

[ e P e ol R R . T ] I ety g

Alexandria M 18,9 [19.6121.5124.2 [26.828.9129.830.829.6[27.9124.6 [20.6 {25.3

E

.21 9. TIL1.7113.7 115.3120.3122.8123.1120.2117.7114.610.T (16,1

M +m 14.1 114.7116.6118,1 [21.1124.6]26.3126.1125.4122.9119.6]15.220.3

I‘% ws [0 9@7 909 9.8 10.5 1105 8.»6 7»0 7@? 8«,4 1002 lOmO 9@9 9-&2
El Dabaa N 18,4 /19,1 120.6122.7 125.3127.9129.129.8]28.7{27.0123.6119.7 124.3
m Ted | To9] 9:.6]12.0 [14.7118.4{21.0121.3119.817.2113.4 | 9.4 {14.3

M 4+ m 12.9 113.515.1 {174 20.023.2]25.1|25.6124.3122.1 18,5 (14,6 |19.3

m 11,0 11.2{11.0110.7 10.6] 9.5{ 8.1] 8.5} 8.9 9.8110.2110.3 10,0
Mersa Hatruh M 18.2 119.0{20.7122.9 [25.528,0129,2129,0{28.727.1123.5{19.7 {24. 4
m 8.4 8.,5[10.1112.1 114.5(18.3120.4{21.0119.7[16.9113.4 |10.1 {14.4

M+ m [14.8 13.8{15:.4 1171 [20.0]23.2{24.8(25.0124.2122.0}18.5 [14.9 }19.4

M E m | 9.8 110.5 1006 10.8 11.31 9.7] 8.8} 8.0 9,0(10.2]10.1| 9.6 10.0

S1di Barrani M 18.1 [18.9120.3]22.2 {24.1.126,9{28.229.0]28.1{26.4123.5 [19.7 {23.8
m 8.51 9.0110.6{13.1 {15.6118.3]22.0122.3{20.41173113.9 | 9.4 [15.0

Mo+ m 13.3113.1]15.5{17.7 [19.9122.6]25.1]25.724.3|21.9{18.7 |14.6 [19.4

2
M w1 9:6 909 907 901 805 8.6 6»2 607 7@7 901 906 1003 8.8

Ballum M 18.9 119.9 120.4 123.7 126.3129.5]30.8{31.0129,2{27.6124.6 120:4 |25.2
m 9.5 (10,2 [11.5 {14.0 [16.7120.2]21.7122.1120.6 18.5115.4 [11.5 [16.0
M4+ m (14.2 [15.1115.1118.9 [21.5124.9]126.3126.624.9123.1120.0 [15.1 [20.5

2
MWem | 9.4]9.7] 891 9.719.6{9.30 9.1} 8.9} 8.6} 9.1} 9.2] 8.9 9.2

The megn annual maximum temperature is aboud 1% higher and the mean annual
minimum 1.5 hirher in Alexandria than along the coast westwards. El Dabaas and Mersa
Matruh have the same maximum, but El Dabaa has lower night temperatures during winter
and spring. The difference is 1,0°C in January, and 0.5°C in March.  Sidi Barrani
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has the most temperate climate of the coast. Maxime are lower and minimag higher than
in Mersa latruh. This ig probably due to the greater expospure of the northern part

of the Sidi Barrani area %o maritime effects, and thus cannot be extrapolated %0 the
whole 8idi Barrani area. Once more, temperature dats recorded by the Zarraria Meteoro-
logical sitation, 12 km south of Sidi Barrani, will be useful in assessing the extension
of gea influence. .

At Sellum the summer temperature exceeds that of Matruh by 19500 to 2,0°C for
the mean maxima. The mean monthly minima are also constantly higher in Sallum than in
Matruh or $idi Barrani (1 or 2°C).

Ag regards temperature, the region enjoys a typical Mediterranean climate,being
strongly influenced by the presence of the sea. '

Compares with the Saharian climate prevailing inland, both the maximum and the
minimum tempevature curves ave Llatiened, but the difference ig particularly obwvious
for the maximum (Fig. 6 ¢ comparison of the air temperatures of the coast to those of
Siwa oasis, 300 kmaway to the South).

The lowest temperatures are observed in January end February ¢ the mean monthly
maximum skays around 9°C and the minimum of +the night seldom falls below 5°C (absolute
minimum 2°C).

Wo danger of frost, as observed in deseibtclimates is thug to be feared in the
region, but cool nights, characterized by temperaturss below lOOC, prevalil from the
lagt weeks of December till the middle of March. The day temperature during the
winter is rather low and uniform, seldom exceeding 20-C.

Spring beging in the first weeks of March and there is a marked increase of the
maximum day temperature (above 20°0). But the nights remain cool and the general
trend of increasing temperature is often broken by cold spells lasting 3 or 4 days.
April i characterized by frequent "khamsin® winds, bringing the maximum temperature Ho
over 30°C or even 35°C for 2 or 3 days at a time. April nights are still cool
(between 10 to 15°C).

The summer lasgts over 5 wmonthsg, from May +ill the end of October. The day
temperature is warm but temperate, fluctuating between 25 and 30°C. The night tempera-
tures are rather high, mainly in August and September (more than ZOOC).

Auvtumn begins gith the first rains, Day and night temperatures slowly decrease,
dropping to about 20°C (max of the day) and 10°C (min of the night) in mid-December, the
beginning of winter.

303s Adr humidity

Relative humidity at 0600 UT and 1200 UT im given in Tables Ta and 7b, Fig.
7 shows the annual trend of R.H. throughout the year and compares the air humidity along
the North West coast with that of a desert station (Helwan).



Table Ta
Mean Relative Humidity % at 0600 UT,
Stations J P M A M J J A 8 0 i) D ﬂﬁgzil
Momanizia | 80 |77 |70 | 67 | 65 |6 | 6 |0 |60 |78 |16 |65 |12
Dabas 72 1 7L L 67 | 63| 64 | 68 171 | T2 [ 67 | 69 | T3 | 13 | 69

Merge Matruh T2 170 {67 | 63 L 61 | 65 | 72 | 72 163 169 1 F2 | 74 1 69
81d4 Barrani 73 163 1661 63159 |68 17574 169 70|74 |73 69
Sallum 67 63 61 59 55 50 67 69 68 67 67 69 64,

Table Th

Mean Relative Humidity % at 1200 UT.

Years 5 1951 -~ 1965

Annual
Stations J P M A M Jd J A 8 0 i) D | Mean
(P Rt SR DOt K [ S BT T M ey R
Alexandria 54 |52 |51 | 49 | 51 |58 |61 | 60 |56 |54 |54 {56 |55
Dabaa 47 146 | 46 | 47 | 49 55 {57 | 56 |55 [ %2 |52 |51 |51

Merse Matruh | 50 |47 |47 | 48 |52 |57 (62 |60 |56 |53 |53 |52 |53
Sidi Barrani 54 |47 |51 |53 |'59 |63 |70 {66 | 6L |58 |53 |53 |57
Sallum 45 |45 |41 |46 |48 |47 |51 |52 |54 |51 |46 |47 |48

For all the stations of the coast, the relative humidity does not vary greatly
through the year, staying between 50 to 60 percent at noon and betweén 60 to 70 percent
in the morning (and also in the evening, not shown ). The air lg markedly drier in
Sallunm. Compared to Helwan, the air moisture is quile maritime. At noon, the
maximum H.H. is observed during August and September, In the desert, minimum R.H.
occurs in April - May, as long the North West coast, but a low value persists through-

out the summer.

In the morning R.H. is high in Alexandria during winter (abous 80 percent); in
¥atruh and Sidi Barrani i+t fluctuaites around TO percent.

Seturation deficit, or the differencd between the saturated and the actual vapour
pressure of the gir, is a betler way to express the drying poweyr of the aiw. This
concept has @ more biological meaning than R.H. Tables 8g and &b and Fig. & show that
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the combination of a moderate temperature and a falr amount at water vapour in the ailr
mokes the Sidl PBarrani olimate favourable for the vegetative growth of plants, I%
will not be possible to evaluate how far this action of the sea sxtends wntll thére are
records from the inland meteorological siations,

Table 8a ¢ Spturation deficit mm He. at 0600 UT

Annusl
M J J A 5 0 i) D Mean

=

Stations o i M

Alexandria | 2.0 | 2.4 |3.8] 5.2 6.9] 7.6| 7.7| 8.1] 8.3] 5.8] 3.8 | 1.6 5.2
Debasa 2.502.813.9] 5.5| 6.5| 7.8] 5.1 7.1] 7.7| 5.9] 3.8]2.8]| 5.1
Mersa Matruh | 2.6 | 2.9 [3.9] 5.5 7.2| 7.9| 6.8} 7.0| 7.3 5.8] 3.9 |2.7| 5.3
8131 Barrani | 2.5 3.6 |4.0] 5.4 7.3 7.1| 6.0 6.4] 6.6| 5.4 3.6 2.8} 5.1
Sallum 3.113.8 4.4 6.1 8.3 9.2| 8.2| 7.7| 6.4{ 6.2 4.8 | 3.4| 6.0

Table 8b 3 Saturation deficit mm Hg. at 1200 UT

Tear ¢ 1951 - 1965

Annual
Stations J P M A M J J A 3 0 w D Mean

Alexandria 7.0 |76 |8.7]20.5 [11.7 {1L'7 | 12.1 |14.0 [13.1 [13.110.0 | 7.5 | 10.6
Dabas 8.0 183 19.1110.0 111.3 {11.4] 12,213.522.3 12.4 | 9.3 | 7.9 | 10.5
Merga Matruh | 7.3 [ 8.1 (8.8 9.9 [10.5 [11.3 | 11,4 {13.2[12,1 12,21 9.5 | 7.7 | 10.2
$idi Barrani | 6.7 8.1 |8.0] 7.8 | 8.4 | 8.4 9.3111.210.4J10.0] 9.6 | 7.6 | 8.8
Sallum 9.4 8.8 18.6 10,7 |11.8 113.8 | 14.9 [14.2 [12.9 [12.4 [11.6 | 8.9 11.5

3.4 Wind speed and direction

In Yerss Matrubh and 3idi Barranl, winds blow strongly during winter and early
gpring, with an average speed of about 20 to 25 knm / hr (5.5 40 7 O m 8). Table 9
and Fig. 9 glve data on wind speed for the region.
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Teble 9 : Averace wind apesd km /hr.

J iy M Iy M J J A 8 0 N D Anymsl

- o

. = R =Y (I S ey sppuue puppuy ey pasea—
Alexandria 17.017.2118,2116.7115.4 16:5415.9115.7 114.4112.6 13,0 15,91 15,7

Bl Dabas 13.1114.1115.9116.3/15.8[16.3 [18.0{16.5 [13.5}12.8 [11.5{14.5 | 15.0
Mersa Matruh | 4.9123.3122.8)22.6{20,019.3 |21.4|18.7 [17.8116.3 [17.4122.0 | 21.1
8141 Barrani | 20.4 20,2 |21.5{20.6{18.217.0 |20,0{17.2 [15.7|15.7 116.5{19.8 | 19.7

Sellum 159 (1405 1148 [13.5[11.9113. T [15.4|14.1 [12,0[11.9 {12.8{16.5 | 17.6

Wind speed decreases in May and June, but July is windy. The end of the summer
records many calm days and the average speed drops to 15 kn /hr (4 m / 8).  The wind
gpeed in Alexandria, Bl Dabaas and Sallum is 25 perceni® lower.

Meximum wind velocitles sve expected to occur:

more than 100 km / hr - 2.2 times in ten years
more than 80 km / hr - 18 times in ten years
more than 60 km / hr - 58 times in ten years.

Forth-West winds preveil with a frequency of 30-40 percent (Fig. 10). South-
west ¥winds have some importance in Matrub and $8idi Barrani: 18.6 and 13.5 percent

respectively.

3.5, Sunshine duration and Solar radistion

Bright sunshine duration measured in fAlexandria, Matrub and Sallum are showm
in Table 10, compiled from "(limatological normals" and from the Agro-let bulletins.

Tahle 10 ¢ Duration of bright sunshine (% of possible).

' y Anyye
J r " A M J J A 8 0 ¥ jel

QPSS Sy T ey P f AR piey O R SO SRRt R P

Alexandria 1924-45 68 1 71 175 182 180 184 )86 90| 901 871 781 66 |80
Mo Matruh 196465 | 65 | 7L {76 7L {79 187 L 9Ly 90 8} 181 701 7L} 79
Sellum 193240 | 68 | 68 |75 |76 | 72 187 |91} 921 88| 85| 69 | 67 | 78
Helwan 73 077 178 182 184 Jo1 {91l 92| 90 |85 8 | 75 | 83

It is clear that there is no great difference in sunshine duration from place to
place along the coast, nor from year o year. (loudiness is greater along the coasd
then inland (Helwan). The difference is of course more consplcuous during winter and
gpring (about 10%) but is no more than 5% for the whole year.

The smount of smolar energy Teceived per unit of ground erves is now generally
vecognized as the background for any quantitative analysis of most of the miero-glimnatio
phenomena of the low aimosphere, To measure this solar radiation with accuracy,
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delicate instrumentation is required, such as the Moll {thermopile, and only a research
institute with scientific staff can afford it. An easy way to obtain a good walue of
the solar radiation in second class meteorological stations is to measure’ the sunshine
duration and 4o relate it +to solar radiation by appropriate formulae.  The checking

of the formulae and the adjustment for Hurbidity and cloud-cover factors can be achieved
by some years of observation in a research institute. This has not yet been done in
the UsAd.Res but some attempts to measure the Linke's sector for turbidity of the altmosphere
hes been tried ot Ras el Hekma {(Abd Bl Salam, A F Nodi 1959). The results indicate
that the absorption due to water vapour and dust particles is vather high : nearly

15 percent for an opticel mase of O and 28 percent for Om = 2.  Sun plus sky radistion
is about 20 percent less in June at Ras el Hekma than it is at CGiza.

In the agro-met sbtation of Matruh El Qasr, dirvect molar and sky wradition have been
observed since 1964 by means of a Robitsch bi-metallic radiation recorder, This
instrument has a large time response and a rather low accuracy. It is neverthelens
useful for estimating (with about 10 4o 20 percent relative ervor) the dally total
radiation as shown in Table 11.

Table 11 ¢ Total sun + skv radiation at Mersa Matruh KL Qosr

wg e
Cal. em d

J r M A M J J A 8 o N D Annual

1964 | 233 | 319 | 420 | 502 | 568 | 600 | 596 |545 | 464 | 366 | 257] 205 | 423
1965 | 223 | 320 | 438 | 573 | 580 | 579 | 591 1560 | 460 | 320 | 228 259 | 428
1966 | 245 | 311 | 411 | 479 | 535 | 585 | 590 | - - - - -

Strong radiation prevails from March till the end of September, with a peak in
June - July, In November, December and January, although wvelatively cloudy months,
there is more radiation than there is in temperate Western Burope during the spring.

3.6, Evaporation
Watural evaporation can be measured directly by means of an aitmometer or with
an evaporation pan, or calculated by more or less empirical climatic formulae. Each

method will bhe discussed here.

Piche evaporimeter

Bach meteorological sitatlon of the zone is provided with = Piche avaporimeter under
meteorological shelter, but the resulis obtained are not even vaguely related to the
evaporation of a water surface or fo the loss by transpiration of vegetative cover.

They are more or lees an expression of the drying power of the air. (8ee Table 123,
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Table 12 & Bvaporation (Piche) mm/d ~ (1951 = 1965)

N b M & M J J A S 0 W D Annual
Alexandris, 369 1405 151 [ 564 [ 5.8 5.5 5.3 1504 15751404 13.914.5
El Dahaa 5¢1 157 1 6.0 16.6 16,9 |6.9 Tod | 669 {73 | 651 5.5 5.0 1 5.9

Mermsa latruh 706 900 9-1 9-1 8«:9 900 903 9~3 9@4 802 703 7»5 7@9
Sidi Barrani 509 [ Te3 172 [Te5 |63 |64 | 6.0 6.3 16.816.816.416.2]6.6
Sallum 7.5 18,3 18.6 19,6 18.7 /9.9 110.3 9.2 }8.3|7.86.9}7.218.5

The large divergence observed between Alexandria and Merss Matruh is mainly due to
the nature of the instrument, the Piche evaporimeter being more gensitive to alr movee
ment than Lo heat or radiation. Weverthelessg, even if it is not in the proportions
indicated by the Piche, evaporation must be somewhat higher in this part of the coast,
exposed ag it isg to the wind, This justifies some protection by windbreask, when
possible,

Clags A evaporgtion pan.

Mersa Hatruh, El Qasr, is the only station provided with an USWB class A evapora-—
tion pan. (see Table 13). Class A is far from being a perfect instrument and has many
theoretical flaws, yet it is the easiest way to measure directly evaporation of a water
surface, with an gccuracy good snough for most practical purposes.

The conversion factor (about 0.7) has been tested in a large variety of environe
ments and is one of the best known. A11 the meteorclogical stabtions of the zone will
be eventually equipped with a clags A pan .

Caleulation by Heat Budeet (Penman's formulsa).

The agro meteorological station of El Gasr collects all the data needed for the
caleulation of evaporation by heat budget method. The main term, radiation, is
measured vwith & rather crude instrument, but as cloudiness is low the error is probably
not more than 10 percent.

The formula of Penman hag been applied for a water surface.

DH /L + A Va
Ve =

D+ A
in which

Ve s evaporation of a water surface in mm/d 0 1
H : heat budget, or net radiation in cal/cm Ja.

-2
I 3 latent heat of vaporization = 59 cal. cm for 1 mm depthe

H=R(1L~x) =Ry
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with

R 3 total sun + sky radiations measured with the Robitsch bi-metallie
rodiation recorder.

r 1 albedo of a water surface = 0.05

we

long wave radiation
5 = 01 (0,10 + 0,90 B/N) (0.56 - 0.092 Ve
T ¢ Abse. alr temperature in ).
" : Stefan Holzman constant
n/N ¢ relative sunshine duration
0 ¢ vapour tension in mm Hg,
Va ¢ empirical aserodynamic term in mm/&
Vo = 0,35 (0.5 + 0.526 Uy) (E - o)
Uy ¢ wind speed m/s
B - o s gaturation deficit in mm Hg.
D ¢ mlope of the saturated molsture tension T8 temperature curve
A 3 psychometric constant = 0.5

Evaporation appears to be fairly congtant from year to year and amounts to aboub
1500 mm,

Bvaporation rate is high from March to October, with a maximum in July (6.6 mm/d)

Winter evaporation is not neglible (1.7 mm/d in December = Januvary.)

The radiation term accounts for the largest part in the evaporation process, atb
leant in summere  From November to February, the asrodynamic term is 1.5 o 2 times

the radiation term. In summer, on the other hand, a complete suppression of the wind
will bring only a 25 percent weduction of evaporation.
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Dew

Loge of calorles by long wave rﬁiiation occurs 8t the same rate throughout the
vear (between 150 to 180 cal. cm® d™~), This cooling is partly accountable for dew
deposite, bub, as 1% is deducted from global radiation, evaporation is implicitly
reduced by this quantity. A more accurate way of determining the daily amount of dew
would be to caleulate day evaporation and night evaporation separately. This bhas noi
yot been done,but A.M. Migahid and M.A. Ayyad measured dewfall by means of a Dudvedani
dew gauge for the period June 1955 - July 1956 in Ras ol Hekma. However, the sgame
eriticism raised against bthe Plche evaporimeter can be raised sgainst the Dudvedani
dow gauge. = The total amount of dew collected by this instrument ie doo strongly
affected by its physical properties to be truly representative. Wevertheless, 14
provides useful information when conditions for dew deposit are met.

From the data, 1t appears that dew was precipitated on 102 nights of the period,
glving & total depth of 11.5 mm of walter. This amount is sbated to be considerable,
but it seems probable that a greater amount ig collected by isolated plants. These
are, on the other hand, also submitfed to a higher evaporation during the day.

On these 102 nights, 20 nights receive more than 0.2 mm/d, 1 more that 0.3 mm/d»
There gquantities of dew fall when alr moisture remains high the day before and when
wind velocity is low.

The region is nelther mors nor less favoured as regard dews than other Mediter—
ranean coasts. For instance, amounts are guite similar to those observed at Monte
pellisr (France).

4o Boil Temverature

Annual trend of soil tempersture up o 2m depth is given in Fige 11 for the year
1965 in Mersa Matrzuh Bl Qosr.

o great variations from year to year and from place to place ocour and these
temperature profiles can be considered asg average for the coast for a first approxie

- mation.

5. Olimatic Indexes and Homoclimates

Two climatic indexes have been calculated (see Table 14):

The Gorgzingky index of continentality in percent based on the difference between
the average maximum temperature of the hottest month (August) and the sverage minimum
of the coldest month (January) and corrected for latiiude.

1.3 (m i m)

02— = 36,3

- Bin
The Fmberger quotient (see Fig, 12) combining annual amount of rainfall P, annual
thermal amplitude M - m and mean temperature M + m
2

1000 P

(M + m) (M~ m)
R
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Table 14 : Climatic indexes

P mm/y M OG m °¢ Gorssinsky Bnberger
Alexandria : 181 30.8 9,2 177 29
El Dabas 141 29.8 T-4 19.7 21
Mersa Motruh 148 29,0 - 8.4 15.2 24
Sidi Barrani 144 29.0 8.5 15.2 23
Sallum 102 31.0 9.5 17.3 16

The climate prevailing along the N.W. coast of Bgypt can be gqualified as “arid
Mediterranean with mild winters'.

With regard to temperature and rainfall thie climate is the same as that of the
Cyrenaican coasd around Tobruk and of the Tripolitanian coast along the gulf of Sirte.
It seems, nevertheless, that rainfall is more irrvegular in Cyrenalca. Tobruk, with
141 mm of annual average,has recorded a maximum of 326 mm and & wminimum of 48 mme The
moderating effect of the mea on gamperature is also strong there - themean maximum of
gge hottest month (August) is 2873, the mean minimum of the coldes® month (January) is

9e

The c¢limate of the North West coast of Bgypt is similar, but not quite identical, to
the climate of +he southern coast of Tunisia, along the Gulf of Gabés, Gabda receives
the same amount of rainfall ag Alexandria, 175 mm, but the temperature renge between
the hottest and coldest month is rather bigger -~ 32°7 down to, 5°9as opposed32°8 down to
9°2 in Alessandriae Houmt Souk, in the Djerba Island enjoys the same mild winters and
warm bemperate summer but is more watered 8207 mm) e Moreover, the Matmatas, south of
Gabds, Teceives from 200 0 250 mm of rain, whereas rainfall rapidly decreases inland
from the Bgyptian coast. Blgsevhere, the Mediterranean coast is more favoured with
regard to rainfall, but not with regard to temperature. At Almeria, in Spain, for
ingtance, sumner is a little more. temperate (Max. 2809) and winter is the same (Min.
802). But rainfall amounts to 255 mm, with a better distribution, which extends into
the late spring. Klaver, in South Africa, is another example of bufffered maritine
Mediterranean climate with low rainfall (174 mm) well distributed throughout the year.
The mean maximum temperature of February is 31065 the mean minimum of July is 8%1.

Most of the %ime, low amounts of rainfall, as observed along the Egyptian coast, arve
agsociated with continental climstes. Shafter, in California, records 158 mm of rain,
but the rainfall is more abundani in :sgring0 Summer temperatures are higher (M&x
37%6) and winter temperatures lower (1Y8).  Mafrag, in Jordan,gets 173 mm of water,
mostly in winter but some in March.  Summer temperatures are noi high (34°0) but
winter temperatures are cold {2°1).  Palmyre and Deir el Zer; in Syria, both receive
about 150 mm of rainfall and are definitely drier and more continental,with hot summer
(3899 and 4096) and cold winter (2°6 and 1°9). In Iraq, the climate of Basrah is
somewhat like that of the Egyptian coast ¢ 158 mm of rain falling late in winter, mild
winter (minimum of January : 7°1) and hot summers (maximum : 41°9).

In conclusion, the climate of the North Western Coastal Region is one of the
mildest of the Mediterranean sea. Winter temperatures are higher than in any other
part of the Mediterranean coast, frosts are not %o be feared and mean minimum temperg-
tures remain constantly above the level of temperature requirement for the growth of
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temperate species. Sunmer temperature never exceeds critical values, Bvaporation ig
reduced by the fact that summer is not 00 hot and by the rather high content of
moigture in the air. A1l these favourable conditions are unfortunately offwmet.by the

soarcity of rainfall that places the region at the limit of the Saharian climate.
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Chaptexr 3
S0ILS

1o Introduction

lele Available information

When the project was started not wmuch information was available about the
golls in the ares, specially not about the distribution of soils and their potential
value for agriculture.

The following publications and unpublished data were used during the preparations
of the reconnaissance meps and the maps of the pilot areas:

Ao G, Abdel Samies "Solil survey and classification of the Fuks - Ras el Hekma
area " (in “publication de 1'Institut du desert d'Egypte, 1959", No. 12),

H ., Abdel Haekim: "Some studies related to the formgtion and distribution of
goils at the Bagqush Ares of the Mediterranean Coastal Zone" (1961).

Mo Ao Hammad ¢ Relationship between geomorphology and land use in the Mediterrap~
nean Coastal Littoral of the UsA.R.'" (inm "Publication de 1'Institut du deedrt d'Egypi,
1965").,

U, hsR. High Dam Soil Survey Project, Sheet VIIT 1964.

1.2, Vork dons under the Project l/

During the. six months (June - December 1968) that the FAO soil survey .expert
worked on the project s moil map and a potentiallty map, scale 1:50 000, were prepared
of the following areag:

a = Negeilas Pilot area 5% 350 feddans
b - Bl Qasr Pilot Ares 67 575 "
¢ = Baggush Pilot Arves 22 610 "
d - Fuka Pilot Area 62 425 "

EL Dabaa Pilot Area 62 900 "

@
§

Total ¢ 266 860 "

During this period also a reconnaissance survey was carried out for the Coasteal
Zone from Alexandria to Sidi Barrani. Five soil maps and moil potentiality maps on
acale 13100.000 were prepareds

Sheet T Burg el Arab -~ El Alemein 409 400 feddans
Sheet IT El Alamein = E1 Dabas 406 675 feddans
Sheet IIT Baggush - Gallal 517 175 feddans
Sheet IV Mersa Matrub Avea 641 950 feddans
Sheet V $idi Barrvani Area- 377 600 feddans

Total ¢ 2352 800 feddans

l/ See Appendix I for working methods, iterminology and abbreviations.
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The soil map and the soil potentiality map of Sheet I were mainly prepared from
maps of the Us.A.R. High Dam Soil Survey Project (Sheet VIII).

The photo interpretation on the whole area was carried out by J.J. Vleeshouwer,
the fieldwork mainly by J.J. Vlieeshouwer, A. EL Gamal, M. Sidhom and 4. Khafaga.

2o The Process of Soil Formabion and Main Pedogenetic Classification Units

2.1. Genersl

The goils in the North Western Coasital Region are almost all alluvial soils
(rockland is here for convenience seke not considered to be 50il). They are mainly
sedimented by water action (alluvial material of the fans and oub wash plains) but in
some areas by wind (coastal dunes and inland dunes). Probably only the subsurface
layers of the limited deep alluvial fans on the Miocene plateau are formed in situ and
therefore partly derived directly from the limestone bhedrock. Striking in the whole
area is the absence of gravel and sand layers in the alluvial deposits. Bven the
glluvial fans at the mouth of the big wadis do not contein congiderable quantities of
coarse material.  Because all alluvial soilg in this area are directly or indirectly
derived from limegtone, they are all rich in Ca003.

2.2, The pedogenetic nrocesses

The pedogenetic processes in the soils of the zone with its semi-desert
climate are glow and on many places not very pronounced. Horizonsg with an accumulation
of organic matter are very weakly developed and obscure, distinct A, horizons are noti
present. The only well developed horizons are accumulabion horigofis of CaCO, in many
well drained soils, and of NaCl in the poorly drained soils, Another proces® of soil
formation is the cementation of oolitic sand in the dunes along the coast and the
weathering of ocolitic sand of the inland dunes. Iagt but not least the formation of
man-made soils (ancient agriculiure fields) should be mentioned.

Accumulation of Cal0

3

Aocumulation of Cal0, occursg only in the well-drained soils. Apparently under the
climatologic conditions o% the region and/or in soils go rich in CaCl., as here, an
horizon can never be formed inwhich the lime is completely removed. Almo®t everywhere +hé
topsoil still containg more than 10 4to 15 percent CaCoO.. Cal0, accumulation horizons
(caliche) are mainly found in the soils of the alluvia% fans an& outwash plains and
only locally is.e. in the surroundings of Dgbas in the former beach plains. & caliche
horizon can be composed of goft, dusty CaCl,, and be well permeable, but can also be
very hard and indurated and therefore very glmwly permeable for water. On small agcale
mapg (1350 000 and smaller) it was not possible 4o draw reliable boundaries between

s0ft caliche and indurated caliche (croute calcaire). It was noticed in the field that
the strongest developed caliche horimons often occur on sloping areas and not in
depressions ag one would expect. A reasonable explanation for this phenomena cannot

be given, because no further investigations were performed. It was also noticed that

the areas with a shallow caliche boriszon often have & moderately saline or saline top=—
Boil.

Accumulation of Wall

In the poorly drained beach plain soils along the Mediterranean Coast a very strong
accumilation of salts can be observed. Depending on the depth of the ground water this
accunulation takes place on, in or under the topsoil. The lowest areas with the
highest ground water table are in winter often covered with (salt) water. In sunmer,
a white salberush can be found on top of the soils. These arveas mostly do not carry a
vegetation; the profiles contain, in many places, thick layers of coarse salt crystals,
often mixed with gypsum orystals and nodules. The somewhat higher areas are noi
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covered with a saltorust, carry a scattered sali~ftolerant vegetation snd have a fluffy
topsoil. Probably because of capillary action salts accumulste in the top 20 +o 30 om
of the profiles and form there, by coagulation of clay particlem, = very saline; loose
and more or less granular topsoil in which many small salt crystals can be observed.
These small moil particles - 0.5 to 3mm in diameter - can easily be blowm away by wind
in dry seasons. They accumulate after some distance behind vegetation and form there
small hummocky clay or loam dunes, which are, of course, also very saline.

On the highest parts of the poorly drained beach plains - these parts are often
algo covered with hummocky dunes - the salts accumulate directly under the topsoil,

Cementation and weathering of oolitic sand

In the coastal strip deposits of oolitic sand are found as coasgtal dunes and as

inland dunes. There 1e a remarkable difference in soil formation in the two deposita.
In the coastal dunes the loose oolitic sand grains are cemented and become ultimately
even lime stone rock (rocky dunes). In the inland oolitic dunes, however, the sand

is weathered and becomes more or less loamy. Only locally in the deep subsoil some
cementation can be observed.

Man-made goils

Scattered over the whole region thousands of ancient agriculiture fields are found.
They all have deep, very homogeneous "clean" soils, without gravels or grit and even
without concretions. 4 caliche horizon is never found within 1.2 m. Mostly the
ancient agriculture fields are found in areas where there is "soil®. Sometimes, how
ever, the deep soils of the ancient fields are mituated direcitly beside very ghallow
or even rocky soils, the end of the field forming a very sharp boundary. I% is there~
fore belisved that the soils in the ancient agriculiture fields are cvollected from the
gurroundings and, after the removal of gravels, siones etec. brought to the field,

2.3. The main clagsification units

t . .
According 0 the supplement to theT I)A.pproximation of %the American System of
Soil Classification (March 1967) the mapping units of the reconnaissance maps can be
claggified on subgroup level as follows:

D Windblown soils

Do Coagtas dunes

Dol Typic Torripsamment
Do2 Typic Torripsamment
Do3 Typic Torripsamment
Dod Typie Torripsemment and Typlc Calciorthid

Ds  Inland dunes

Dgl Typic Torripsamment
Dg2 Calsy Torripsamment
Ds3 Calsy Torripsamment
Dezd Calsy Torripsamment
Dg5 Calsy Torripsamment
Da6 Typic Torripsamment
Dg7 pypic Torripsammentd
Ds8 Typic Torripsamment
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B Soils in the former besch plalng and dune depressions

Bl TPypic Torriorthent

B2 Typic Torriorthent

B3 Typic Calci/Palsorthid
B4 Typic Calci/Paleorthid
B4d Typic Torriorthent

Bp Typic Salorthid

P Soils of the elongated depressions in the plateau

Pl Typic Torriorthent
Pp Typic Salorthid

P Soils of the alluvial fans and out wash plainsg

Tl Typiec Torriorthent

Fle Typic Paleorthid

F2 Typic Calei/Paleorthid

3 Typic Torriorthent

P4 Typic Calei/Paleorthid
W Soils of the wadis

Wb  Typic Torriorthent
Ww Typiec Torriorthent

3 The weconnaissance Maps

3.1, General

The reconnaissance s0ll maps and the reconnaissance potentislity maps
prepared in the last semester of 1968 and the first semester of 1968 and the Ffirei
samester of 1969, The photo interpretation of the whole area was carried oubt by
Jodo Vlieeshouwsr. During the field work he was assisted on Sheet II and IIT by
Mr. A. Khafaga, on Sheet IV by Mr. A. Bl Gamal. The field work of Bheet V was done by
Mr. M, Sidhom, Mr. M. Dessouki and Mr. M.A., Bl Pattah. Analysis on chemical and
physical propertiss of collected soil samples were made in the laboratories of EGDDO in
Cairo.

Data of previous investigations in the areas around Dabaus, Ras el Hekma,
Baggush and part of the Mersa Matruh plain wers parily used in preparing the reconnais
gsance soil maps and recounaissance potentiality maps. Sheet I, covering the ares
Burg €l Arab -~ El Alamein, is a revised version of the reconnaissance soil map of the
UQA@Ra/High Dam Soil Survey Project {Sheed VIII). The legends of the soll map and
the potentiality map of this area are adopted +to those of the other maps of the
Coanmtal Zone.

3o2s Details and reliability of small scale maps

On small scale maps like the reconnaisaance map here presented many details
cannot be indicated. For example, very clear, high rock outcrops that can be recog-
nized in the field already from a far distance, but that cover only a small area, are
not represented on the map. On other places soil boundaries arve generalized or small
differences grouped together.

The boundaries between the different units are in general correct and reliable,
but it im of no use enlarging the maps because no more informotion or detail will be
obtained, A reconnaissance map is made for explanatory purposes, to outline areas
with solls suitable for more intensive development. The reconnaissance maps can
therefore never be used for detailed planning.
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3.3, The reconnaissance map and saline moils

Special attention should be given to the faet that the reconnsissance moil
maps give no information about the salinity of soile (except for the poorly drained
beach plain soilg, which are very saline). This data could not be given, firgtly
because it would need the collecting and analysis of numerous soil samples, and secondly
because the well drained moderately saline and saline soils often cover cnly small
geattered areas which cannot be indicated on these small scale maps. Therefore, on
the potentiality map the solls are clissified as if they were not saline. In the
table sumnmarizing the potentiality classes of the recommaisaasnce maps, however, an
attempt ig made to give a rough estimation of the saline soils that can be expected in
each potentiality class. It should be stressed that this is only a rough estimation ond
that locally big differences may occur.

Jeds The reconnaissance soil potentiality maps

The suitability of the soils distinguished on the reconnaissance maps is
based on the assumption that sufficient fresh water is available for crops to grow. Very
saline soils like the poorly drained beach plain soile (mapping unit Bp) are classified
asg not suitable because leaching of these soils requires big quantities of fresh water
and penerally these are not locally available.  If however the areas can be drained
and leaching is possible, for instance with Wile water, most of the soils will become
guitable for the cultivation of almost all crops. Wind blown sand moils are consid-
ered to be unsuitable for agriculture because of the big quantities of water that are
required for the cultivation of crops.

do Deseription of the Mapping Units of the Reconnaissance Sil Map and Their
P otentiality for Agriculture.

A summary of characteristics of the distinguished mapping units is given in Table
15, Table 16 gives the areas of the different potentiality classes. In Table 17
the mapping wnits that occur in each potentiality clase are listed and in Table 18 some
physical and chemical properties of distinguished mapping units are shown.

4.1, Windblown soilg

The windblown soils in the ares are divided in coasital dunes and inland
dunes, The first are found in a rather narrow strip along the Mediterranean Sea, the
latter in big areas south of Hamem - Bl Dabaa and south east of 3idi Barrani. Both
are subdivided according to differences in topography, parent material and soil forma-
tlon.

Do Coagtal dunes

The coastal dunes all consist of ocolitic sand that is very rich in CaGO3 (more
than 80 percent).

The following mapping units are disbtinguished:~

Do1 Shiftinge oolitic sand dunes: cemented oolitic sand and/or rock may occur
in maximum 60 percent of the ares.

These soils are found in relatively small, scatiered areas along the coast. They
consist of loose, oolitic sand grains and have predeominantly a typical dune topography.
The soils are in general deep and very rich in CaCO, (see Table 18, No.1).  In the
areas vhere the dunes are not high, cemented 00litit sand and/or rock (derived from
former oolitic dunes) may occur in maximum 60 percent of the area. This is specially
the case in the depressions between the dunes.
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Where theme moils are bordering cultivated land they often are a thread, because
the shifting sand very gradually covers it. Only dune fization can put an énd -to
thig elow but disastrous process.

Potentianlity for aegriculiure

The potential value of the soils of this mapping unit is limited $o local oulbi-
vation of only figs. Local, because they can only grow where rock and cemenied oolitle
sand is present at considerable depth and where moreover there is some accumulatlon of
fresh water (i.e, in depressions).

Do2 Cemented oolitic sand dunes: locally sheets of shifiting oolite sand
and/or Tock may OCCUT.

The majority of the coagital dunes congist of cemented oolitic mand. These molls
are older than the shifting colitic dunes, were therefore subject longer to soll forma-
tlon and consequently the loose grains became cemented in +the course of time.

The CaC0, content is g4ill high, but lower than that of the shifting ocoliftic dunes
(see Table 18? Wo.2). Though older, the dune topography is still present in most
places and the lamination typlecal for wind blowm deposits can be recognized almost
everywhers.

In genersal the cemented oolitic dunes are highest where the strip is wide and low
where 11t is narrow.

Potentiality for apriculture

Wot suitable for agriculture, because the solils are too hard to be penedrated by
ro0ts.

Do3 More or less parallel ridees of cemented ocolitic sand with thin sheets of
glisghtly loamyv, loose ocolitic sand in the depregsions

Only one area of this mapping uwnit is distinguished. It is found near Um el
Rakham, weat of Mersa lMatruh and consisbts, of more or less parallel vidges of cemented
oolitic mand, 1 to 2 m high., In the strips between the ridges less than 30 cm somewhatl
weathered and therefore slighily loamy, oolitic sand occurs on top of the cemented
0olitic sand.

Potentiality for apriculture

ot suitable.

Dod Like Do3, but with moderately deep loamy sand o loam soils in the
depressions

Thie mapping unit is alse found in only one area near Umm-el-Rakham. In between
the ridges the smoils are deeper (50 %o 100 e¢m) and consist of loamy sand to loam.
Probably this material is a mixture of marine deposits and westhered wind blown oolitie
sande

Potentiallty for agriculture

The ridges are not suitable for agriculiure. In the depressions vegetables,
field crops and moderately deep rooted crops can be cultivated.



De Inland Dunes

The inland dunes of the region are mainly divided according to differences in
topography. Moreover, the kind of sand (oolitic or quarts sand) is distinguished.
The last division is made in order to separste the sands with a high CaCO, content
from those with a low CaCO3 content. It should however not be forgotten”that, espeo-
ially in the transition, There has been & mixing of both sands. The boundary between
the mapping uwnits with gquartz sand and those with oolitic send im therefore rather
arbitrary.

The following mapping uwnite are disdinguished:

Dg ¢ Low dunes of gquartz sand: many rock ouborops

These soils are found in big areas between El Dabaa and Burg el Arab, in & small
area south east of Mersa Matrub on both sides of the ssphalt road and south of Sidi
Barrandi. In the area near Mersa Matruh high hummocks of gquartz sand are included in
this mapping vnit. Part of the dunes sre mtabilized by natural vegetation but in many
places the sand ig still shifiing. .

Mogt goils are deep and loose end conaist of slightly loamys; moderately fine sand.
Loeally, at a depth of 70 to 120 om, a weakly developed, rather soft caliche horizon
can be observed.

Scattered over the areas low rock outerops can be recognized easily because they
are 50 cm to 2 m higher than the surroundings, do not carry vegetation and are nob
covered with sand.

Potentiality for agriculture

ot suitables

Da2 Moderately hipgh and low dunes of weathered oolitic mand

The soils of this mapping unit are situated mouth of El Dabaa and between 3idd Abd
el Rahman and Bl Alamein.

The areas have an irregular topography (dunes of 3 4o 8 m high), and are covered
with a rather dense natural vegetation that stops the shifting of the sand.  Locally,
on the top of the dunes, the vegetation is absent and the sand still shifting.

The moils of this mapping wit have a high lime conbent, bubt it ls considerably
Lower than that of the coastal oolitic dunes. Most remarkable. however, is the
difference in silt and clay content. For reasons not yet understood, the inland
oolitic dunes do not coment or scarcely cement, but because of weathering become
Loany (see Table 18 No. 3).

Caliche horizons are seldom foundi locally in some depressions a wealkly-@evelopad
not very compact lime sccumulation horizon can be observed. :

Degeription of a representative profile {8ee Table 18, No, 3)

0 = 25 cm loamy medium fine sand, rather loose, many roots.

25 « 75 em medium fine sandy loam, somewhat compact, some roots.

?§ «120 cm rather compact medium fine sandy loam, no roots, weekly developed
lime accumunlation horinon.
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Potentiality for agpriculturs

Not suitable for agriculture. However the soils have & high velue for grazing
because of the rather dense natural vegetation.

De3 Thick local lavers of low dunes of weathered ocolitic sand

The molls of +this mapping unit are found in large arveas south eastof El Dabas.
The topography is rather level, though locally some low dunes sidck out above the
general landscape.

Also locally some outcrops of rocky dunes (mapping unit RA) mey be found. 411
areas are covered with & rather dense natural vegetation and consequently the windblown
sand is stabilized.

The goils consist in general of more than 60 om, locally more than 100 cm loanmy
medium fine sand (weathered oolitic send) with 50 to 70 percent Caloy, overlying rocky
material or former besch plain poils. Locally a weakly developed ecaliche horigon or
cemented oolitic sand can be obmerved in the subsoil. :

Potentiality for agriculturs

Wot suitable, but the areas have a slgnificant value as rangs land because of the
dense natural vegetation.

Ded Thin lavers of weathered ocolitic sand, predominantly over rocks: locally low
rock oubterops.

These soiles are found in large aveas south of Bl Dabas - Bl Alamein. They generally
conglist of 5 to 50 cm loamy to slightly loamy medium fine (oolitia) sand over rock.
The solils of +this unilt form the transition 4o the aresas where windblown guaritz send is
deposited and therefore the weathered ocolitic send is mixed with a varying percentage
of quartz sand. Consequently the CaCO, content is lower than that of the more
northerly oolitic sands (see Table 18, No.7).

The areas have a rather level topography but locally somes low oubcrops of rocky
dunes oCouUL. The vegeltation is rather dense but scattered and restricted 4o the areas
where the sheets of oolitic sand are present.

Potentiality for segriculiure

ot suitable.

De% Dune - depressions: predominantly less than 60 om weathered volitic sand
over caliche

.

Scattered over the area with inland colitic sand deposites between ElL Dabsa and
El Alamein rather level depressions are found which arve Tilled up with less than 60 cm
loany o slightly loamy medium fine weathered colitic sand. Mostly the subsoil
containg a rather soft caliche horizon which forms the transition between the weathered
oolitic sand and a subsoil of rovk or loamy fine sand 4o fine sandy loam. Thieg last
material is fthe original deposit in the former beach plains.

The soils of dune-depressions are predominantly cultivated with barley.

Potentiality for ayricultur@

Buiteble for shallow rooted crope only.
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Da6 Thin sheets of gquarts gsand, predominently over rock

The soils of this mapping unit are present in the area south of ElL Dabag - Burg el
Arab and gouth of Sidi Barrani. They look very much like those of mapping unit Ded
but the sand is mainly quartz sand, containing only about 5 to 10 percent CaCO..
Horeover,part of this still rather high lime content is coused by the snail refnants
present in the sand,

The areas have a more or less level fopography and are coversd with a rather dense
natural vegetation, esgpecially south of 81di Berrani.

Potentislity for agriculture

Not suitable; the soils have however e high value as range land because of the
dense natural vegetation.

DaT Thick sheets of quartz sand, predominantly over caliche or rock

This mapping wnit is distinguished in big areas south of Bl Alamein-Hammam and
pouth~east of Sidi Barrani. In both areas the soile are covered with a dense natural
vepgetation and the topography is almost level. Only loecsally some low rocks crop ouk.
In these last places the sand cover ig thin or even absent and the vegetation more
SCarce,

; The sheets of sand are in general 150 m thick and usually lie on rock. Sometimes,
however, loam or sandy loam from the former beach plains can be found in the subsoil.

Potentiality for aericulture

The moils are olasaified as not sultable for agriculture because they need big
quantities of fresh water (which is not available at reasonable costs) to grow crops.
Because of the dense naturel vepetation the areas have a high value for graszing.
Trees would grow very well on these soila, even without irrigation.

Ds8 High and moderately high dunes of quartsz sand

These 5 to 10 m high dunes are only found in three areas easgt and south-eant of
5idi Barrani. They are mainly composed of quartz sand in which there is atill a
rather high CaCO, content (10 to 20 percent) (See also Table 18, Neo.1l), Momt of the
areas are covereld with a dense natural vegetation which fixed the windblown sand, but
locally some shifting dunes without vegetation can be observed.

Potentiality for agericulture

Not suitable for sgriculture; the dense natural vegetation give the areas however
a high value for grazing.

4+2s Boils in the former beach plains and dune~depregsions

These soils are found in the whole region in a rather narrow sirip close to
the Mediterraneean sea. They are deposited in the former beach plains and former dune-
depressions and consist of alluvial and colluvial material washed dowm from the
higher neighbouring rocky besch ridges and rocky dunes (mapping unit Rd)« In the
subsoil, however, probably also material of mavine origin is sedimented, especially in
the former beach plains.

The subdivision of the soils of this main soil group is based on differences in
depth of the profiles, differences in texture and differences in natural drainage.
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By Deep sandy loam to loam or clay logm goils

The soils of this mapping unit are found in largs areas near Burg el Arab, Hammam,
El Dabas, Mersa Matruh and Sidi Barrani. (In the surroundings of the first two places
they are being reclaimed and irrigated by Nile water). Small areas and pockets are
gopttered over the entire region.

A1l soils of this unit consist of more than 90 cm sandy loam o loam or clay loam;
layers of eilty loam may occur locally. The topography is in general level, (only on
the transition to the neighbouring rocky aveas slightly sloping strips are present) and
the sreas are well drained.

Dascription of a repregentative profile unear Sidl Barrani (86@ Table 18, No.12)

0 — 30 om Sandy loam, frisble, many rooits, many pores

30 = 60 om Loam, rather compact when dry, sub-angular blocky, some small
and big roots, some pores

60 =120 om Loam, compact when dry, compaciness incressmes with depth, some
small lime concretions,no roois, some small pores,

Potentiality for mgriculture

Though now almost exclusively used for the cultivation of barley, these soils are
sultable for the cultivation of all crops. They are the most promising soils of the
whole region. Hovever, 1% should not be forgoiten that the soils in the depressions
are sgurrounded by higher elevated rock land and that the deep subsoil consists of
impermeable rock. When used intensively there is the chance that the depressionsl
s0ils gradually become saline.

B2 Deep loany sand +to sliehtly loamy sand soils

These soils are distinguished in only very few areas west of Mersa Matruh and east
of Bidi Barrani. Some former beach plains are here f£illed up with a mixture of loamy
colluvial material from the neighbouring rockland and oolitic sand from the coastal
dunes. The moils have a level topography and consist of more than 90 cm loamy medium
fine mand 1o slighly loamy medium fine sand with a high lime content. In the subsoil
locally fine sandy loam to loam can be Ffound.

Potentiality for agriculture

Bultable for all crops, though the high lime content may be a limitation for gome
deep rooted crops like olives.

B3 Limited and moderately deep mandy loam to loam soils over caliche or rock

In almost all areas where beach plain soils are distinguished thess molls are
founde In general they are situated somewhat higher than the soils of mapping unit
Bl or theyform the Transition to the surrounding rockland.

The soils consist of 30 to 90 com fine sandy loam to loam (a further subdivision
was not possible during the reconnaissance survey) predominantly overlying a caliche
horizon, only locally overlying rock. In the surroundings of oolitic sand deposits
the top soil may be covered in many spots with a thin layer of oolitic sand. In the
subsoil here and there a horizon of clay loam can be obssrved.

Potentiality for sericulture

) Depeqding on_the depth at which the caliche horizon starts, these soils are
pultable for shallow rooted crops or also for moderately deep rooted cropm. Hest of
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the solls are, however, moderately deep and therfore suitable for shallow and
moderately deep rooted crops.

B4 limited and moderately deep loamy sand to slightly loamy gand over caliche or
rocks locally rock in the surfaces sloping and gullied

Only some areas of this mapping unit are distinguished. They are found ai the
northern slope of rocky dune ridges (unit Rd) north west of EL Dabas and between Sidi
Abd el Rahman and Hammam.

The moils are probably composed of s mixture of colluvial meterial (washed down
from the slopes of the rocke) and weathered oolitic sand. The areas are sloping and,
because no erosgion control measures have been taken, many erogion gullies condinue to
form and widen. Egpecially on the southern side of this mapping unit outerops of rock
are found.

Potentiality for agrliculiure

Depending on the depth at which the caliche or the rock starts, these soils are
guitable for shallow rooted crops and moderately deep rooted crops. In case of
intensgified cultivation, erosion control measures are necessary, i.e. contour ploughing
and terracing.

B4d  Like B4, but deep and locally with loam subsoll

These soils are found in three elongated areas north of Burg-el-irab ~ Hammem, on
the slopes of two rocky dune ridges (mapping unit Rd). The profiles look wvery much
like those of mapping unit B4, but the caliche or the rock starts in general at more
fthan 90 cm depth. Besides,20 o 30 or even 40 cm loam can be found between the topsgoil
and the caliche or the rock subsoil,

Potentiality for agriculturs

Suitable for all crops but only after erosion control measures have bheen taken,
ie.e@. terracing. )

Bp Poorly drained and very saline soils: variable in texture

Along the whole Mediterranean coast, in many places Jjust south of the coasbal dunes,
elongated salt marches are found. These poorly drained and very saline solls are
mostly covered with a salt tolerant vegeiation. Only the parts that are covered
with water in winter carry no vegetalkion. The topsoil of these lowest areas often have
a thin whitish salt crust. In the somewhat higher sreas a 20 to 25 om thick, very
saline fluffy topsoil is present. The 0.5 4o 3 mm big loam or clay loam particles of
this fluffy topsoil can be blown away by wind and often accumulate behind or around
vegetation In this way hummocks are formed on many, somewhat dryer parits of the
poorly-drained beach plains.

The moils of the poorly drained beach plains are variable in textursej slightly
loamy sand soils as well as clay loam soils may decur, They have in comnon that they
are all very saline and often contain thick layers of coarse saltb crystals, locally
mixed with gypsum crystals. In general the soils are deep (more than 120 em) and only
locally limited deep or moderately deep profiles are present.

Potentiality for agriculture

Kot $uitable because of very high salinity.
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do3e Soils of the elongated depressions in the plateauy

These goilsm are only dietinguished in some rather smell areas south east of
Mersa Matrubh. They are found in steep depression 5 - 15 m deep in Miocens rock-
land. The subdivision within ihis group of poils is based on differences in natural
drainage and consequenitly on differences in salinity.

Py Deep Joam to clay loam goils overlain by 20 o 60 cm mand

The three aveas of this mapping uwnit have a level topography, are in winter mostly
cultivated with barley and consiset mainly of deep soils. In most places the top 20 to
60 cm is formed by sand $o loamy sand, probably weathered oolitic sand. The subsoil
congigisof loam fo clay loam.

Potentiality for asriculture

Suitable for the cultivation of all CTODH.

Pp Like P4e bubt poorly drained and very saline

Theme moils look very much like those of mapping unit Bp. They are also poorly
drained, contain often thick layers of coarse salt cystals and are in many places cover-
ad with hummocks.,

Potentiality for sgriculture

Wot sultable because of very high salinity and high saline ground water fable.

4eds  Soilsg of the alluvial fans and outwash plains

These sgoils are composed of alluvial material transported by runoff water
from the neighbouring rocklands. They have in general & slightly sloping to nearly
level topography and are, unlike the soils in the former beach plains, not found ih
depressionsg, Very locally (i.e. on the Miocene plateau south of Negelila and south sasd
©of S5idi Barrani) these units are found in a very shallow depressionsl situation.

During rain periods the surface runoff pa&sée over these moils and therefore in
many places gullies and even shallow wadis can be observed.

A subdivision is made according to differences in depth of the profiles and
differences in texture.

Py Limited deep sandy loam to loam soils over caliche or rock

The soils of {this mapping ccour in vast areas on the Miccens platesu between Sidi
Barrani and Bagqushe. They are found in places where accumulation of erosion material
wvas possible d.e. where drainage gradient decreases and in very shallow
depressions. The soils have a nearly level do slighily sloping topography end are in
many places bordered by somewhat higher, rocky and very shallow &oils.

The profiles consist in general of 30 to 60 cm medium Pine sandy loam %o loam over
an indurated calliche horizon, locelly direcily over rock. Mostly the soils do not
contain many gravels, but where they are deposited in front of a wadl gravels may occour
on the surface or throughout the profile.

Almost all soils of this mapping wnit. are in winter culitivatbed with barley.
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Deseription of a representative profile south east of S1dl Barrani (seo
Table 18, No, 10)

0 = 30 om Sandy loam, friable, many small pores, many small and some big roots,
gome crotovina, some snail remnanis.
30 - 55 cm Loam, rather compach, compaciness increases with depth, meny small
pores, decreasing with depth, some hard lime oconcretions.
55 em = Indurated caliche.

Potentiality for gpriculture

Suitable for the cultivation of shallow rooted crbpm only

Fyo Like Pq, but shallows eroded phase

The soils of thisg mapping unit are only found south and south wesgt of Mersa
Hatruh in slightly sloping areas. They were probably formed by erosion of limited
deep soils. The topsoil was completely or partly washed avay and now the indurated
caliche horizon is on the surface or only covered with some 5 to 20 cm sandy loam to
loam.

Thewe areas are another example of the drastic consequences of erosione

Potentiality for acriculture

Wot sultable.

2 Moderately deep sandy loam o loam, locally clay loam moils over caliche
or rock

These soils are only disetinguished in mome scattered areas south east of Mersa
Matruhe Mostly they are slightly sloping to the north bubt east of Garawla +the outwash
material is accumuleted in depressions behind rccky dunes {(mepping unit R&).

The soils consist of 60 +to 90 cm medium fine sandy loam H0 loam. However, in
the areas between Mersa Matruh and Garawls, also layers of clay lcam can be found,
especially in the subsoil.

Potentiality for agriculture

Suitable for vegetables, field crops and moderstely deep rooted crops only.

P3 Deep sandy loam %o loam or clay loam soilsg

Scattered in the area between Fuka and El Mathaney, close {0 the coast a8
well as further inland, the soils of this mapping unit are present. Especlally
near Sumniyat, El Qasr and Bagqush, they cover promising areas. The topography is
wniform with a slight upward slope to the north. In many places shallow gullieg and
omoll wadis arc eroded in the soils (except in EL Qasr plain).

The profiles are deep and consist in general of more than 90 em sandy loom to
loam. Loeally, hovever, also layers of clay loam or even whole profiles of olay loam
are found. In the deep subsoil a predominantly soft caliche horizon is Tormed.

Areas with a whitish, crusty topsoil and with a scarce vegstation are probably all
galine in the top 20 to 40 om.

Though now almost exclusively used for the cultivation of barley, these soils
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belong, together with those of mapping unit Bly to the most promising of the whole
region. However, detailed investigations on salinity are required before further
agricultural development plans are made.

Demeription of a representative profile near Bagqush (Table 18, Wo.21)

O - 15 em Fine sandy loam with a whitish, crusty surfsce, friable, few
small roots, many small pores.
15 - 30 cm Fine sandy loam, friable, some small roots, many small pores,

gome grits many soft CaCO, concretlions.

100 cm  Loam, rather compact, comp&étness increases with depth, many
hard and some soft CaCO, concretions.

100 - 130 eom Silty loam, compact, maéy goft CaCO3 concretions,

{

30

Potentiality for agriculture

Suitable for the cultivation of all crops.

¥4 Limited deep and moderately deep sandy loam to loam goils over ecaliche
or rock '

These soils are found at the foot of the Miocene Plateau in the Mersa Matruh
plain, in the surroundings of Baqqush and west of Fuka. The areas have a slightly
gloping topography. Close to the plateaus,wheretheslope is greater, many shallow gullies
are found,

In general the shallow goils are situated close 4o the plateau. Here they
overlie a predominantly indurated caliche horizon asnd often contain some gravels.
More %o the norih the profiles are deeper and gravels are absent.

Most of the soils of +this mapping unit bave a saline 4o moderately saline topsoil.

Potentiality for'agriculﬁure

If not saline the solls are suitable for shallow rooted crops when the caliche
horizon starts between 30 o 60 cm depth and suitable for moderately deep rooted crops
when the impermeable subsoil starits between 60 and 90 om. Most moils are however
saline,

4.5, BSoils of the wadis

These goils are only found in the Mersa Matruh plain, near Baqqush and west
of Tuka. They occur in the places where the greater part of the runoff water is
trangported. Therefore the soils are not heavy textured and in most places are
laminated with sand and gravel layers. Two mapping uniis are distinguisheds

Wb Wadl boltom soilss deep sandy loam to loam soils with sand and eravel
layersg

The soils of this mapping unit are distinguished in the Mersa Matruh plain and in
the surroundings of Bagqushe They have a slighitly sloping topography and cre mostly
dissected by one on two steeply incised erosion gullies, the major drainage vays.

Mozt og the runoff water is transporited over these soils and therefore thoy are mostly
not saline,

Pbtentiality for scriculture

Suitable for the cultivation of all crops, It should however not be forgotten

thot during the wet season much rainvater Tuns over these soilas, which can couse
damagre to cultivated crops.
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Ww Hadi wash soils: deep sandy loam to loam soilays locally with sand 1gvere

This mapping wnit is only found in the avea west of Fuka. The soils ocour at
the mouth of many wadig coming from the Miocene plateau. The areas look therefore
much like those of the Tans and ocutwash plains (the topography is also nearly level to
slightly sloping) but the soils are more coarse texiured and contain even loecally
layers of coarse sand.

Potentiality for agriculture

Suitable for all crops.

466. Miscellaneous land ftypes

The miscellaneous land types distinguished on the recommaissence soll maps
include only rockland. The profiles consist of lemg than 30 om soil over rock and
are therefore not sultable for the cultivation of agricultural crops, bub they do have
value as range land.

Based on differences in morphologic features the following subdivision was
introducedf—

Rp Plateau land

The greater part of the areas surveyed during the reconnaissance consists of thim
mapping wit. The land is mainly Upper Miocene and Middle Miocene rockland and has
a rather level topography with a very gentle slope %o the north. Only loecally some
narrow gtrips with a steeper gradient occur, i.e. gouth of Dabaa and south of SBidi
Barrani.

Rh DLike RBp, but with sink holeg

Thisg mapping unit is found south of the areass indicated with Rp. The areas are
also predominantly level but many scattered, small, shallow and more or less round
depressions can be observed. These are mostly filled up with more than 50, often with
more than 100;cm fine sandy loam to silty loam. Because of the depressional situatlion
rain water accumulates and comsequently the depressions carry a much more dense vegebation
than the surrounding rocklands.

Rr Denuded rockland: smoothed relief

These areas are situated north of the plateau land (unit Rp) and consist predomi-
nantly of Middle Miocene rock. They are slightly sloping to gently sloping %o the
north and in many places wadis occur, but they are not sieeply incised.

Rs Dissected rockland with more or less parallel ridees.

South of Fuka and south-east of Mersma Matruh severely eroded rockland occurs in
which more or less parallel ridges are most striking. At first sight they resemble
former shore lines but probably they are folded and partly erodsd Miocene depoaits.

Rg Severely dissected rockland

This mapping unit is distinguished south and soubth~sast Mersa Matrub., Here
severely eroded and dissected rockland with many steeply inclsed wadis ocours. The
areas have & very rough topography and consist mainly of rock. Only at the bottom of
the wadis some coarse sandy to very gravely soils can be found.
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Rf PFoot glopess pullied and sloping

Worth of the Miocene plateau land, at the foot of the escarpment beltween
Puka and Bl Methaney, sloping areas are found that consist meinly of very shellow
soils over rocks In many places the surface is covered with gravels and often noi
very deep gullies occur.

R4 Former coasf&l dunes and dune ridges

This type of rockland includes the former colitic dunes and dune ridges that by
certain processes were gradually transformed into rock, They are of Pleistocense %o
Pliocene age and are partly developed as beach ridges (Burg el Arab, Hammam snd Fuka)
partly as dunes with the typical haphazard form (m1 Dabaa, Bl Galal and 8idi Barranii»
The youngest, found close to the coaslt, consist of rather soft limestone rock, the
older ones are gituated more inland and are harder,

In meny places the boundary between this mapping wnit and the bordering rockland
of unit Rr and Rp is rather arbitrary, because in the transitions thin layers of R4
are deposited on the Miocene rock,

Rdg Like Rd, but sloping and dissected

This mapping unit is distinguished in only two areas. One is found near Ras el
Hekma, the other south of Burg el Arab. The firgt area has a rather rough btopography
ig incised with many steep erosion gullies,; and slopes up o the north. On the slopes
the rocky dunes are eroded in many places and there the Miocene wrock is found on the
gurface.

In the second area the topography is less rough, the erosion gullies are not 80
gteeply incised and the slope to the north is less sieep.

Rde Like Rd, but locally with less than 50 cm loamy sand to sandy loanm

On top of the former coastal dunes and dune ridges between El Alamein and EL

" Dabaa locally some soil is deposited. In gneral this cover is not thicker than 50

cm and congiste of loamy medium fine sand, sometimes of medium fine sandy loam.
Horeover the areas with soils are very scatiered, always elevated and mostly saline to
moderately saline.

Rt Terrace remnants

South west of Puka some rocky areas with a remarkable level surface are found.
Originally they formed a single area but because of erogion they were cut into several
geparate ones. Probably they are all remnants of a former terrace.

4.7« Complex areas

Under this head the areas with a complicated soil pattern are grouped. I%
was not possible to indicate the differences separately on a map scale 1:100 000, but
on maps with a larger scale (1210 000 or 1:25 000) this can probably bs dons,

Cq1 Complex of rock and shallow to moderately deep mandy loam to loam soils
over caliche or rock

This mapping unit is found in many aread, predominantly close to the coasgth. The
rockland may consgist of Miocene rock as well as of former coasital dunes. In general
the gandy leam to loam soils are found at a somevhat lower level than the rockland,
They have a slightly sloping to gently sloping topography and are locally incised with
gullies and shallow wadis,
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G2 Complex of rock and deep sandy loam %o loam soils in depresgions

The arees of this mepping wnit arve found south of Burg el . 4rvab, near Ras ol Heknma
and south east of Mersa Matrub. They consist mainly of rock.and. The areas with
goile are rather small and always located in depressions.

G3 Complex of rock and deep loamy colitic sand soils

Only one area is distinguished. It is found west of Merss Matruh near Abu Laho.
Here deep weathered oolitic sand solils consisting of loamy medium fine sand oceur
between slightly elevated rocks. '

G4 Complex of cemented oolitic sand dunes and pabml drained, verv asgline
beach plain soils

Three areas with this mapping unit are found between Bl Alamein and El Dabas.
They conslst of poorly drained, very saline soils and slightly elevated areas of
cemented colitic sand. The last areas can easily be Tecognized in the field because
of their white colour. . ‘

448, Additiong
Additions are soil characterigtics that occcour in many mapping units. Thay
are grouped under the head "Addition® In order to reduce the number of mapping unilts,

not because these characteristics are lessg important.

Hummocky dunes

Scattered over the entire region,along the Mediterranean Sea as well as far
inland, big areas are covered with hummocky dunes. These 20 {0 60 cm high hummocks
have formed in places where windblown material could accumulate behind the natural
obastacles, such as vegetabtion, etc. In fact, two kinds of hummocks can be distine
guished, one composed of loam or clay losm and one composed of predominantly sand.

The first kind is always found in the surroumding salt marshes (poorly drained beach

plain soils) and is formed of the windblowm particles of fluffy topsoil that occurs in
" the salt marshes. The second kind consiste of mend and is always found further
inland.

Locally thin sheets of sand

Where there is transition from areas with windblowm deposits 4o neighbouring
rockland or areas of different soils, thin sheets of sand occur. In general these
thin sheets are only lecally deposited and not more than 10 4o 20 om +thick. In the
surroundings of the ooliticsand deposits they consist mainly of ocolitic sand, in the
other arcas predominantly of guartz sand.

4.9, Topographic featiures

Most of the topographic featuree indicated on the maps do not need any
explanation. They are distinguished to make orientation in the field possible.
Special attention should be paid, however, to the karms and the ancient seltlement
fields. Thousands of these ancient agricultural fields are smpread all over the region.
They are proof that the area was rather densely populated in the past and that the
farmers practised agriculture by using special methods. If it could be discoversd
what these methods were and why they were used, posaibly they could be adopted again,
and agriculture in the region be improved al low costs.

Karms are ancient agricultured fislds, found predominantly in areas where deep and

[rietmetobae

moderately deep soils are present. They slso occcur locslly on the platean lend.
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The karms sre survounded by 1 to § m high "“dykes" of predominantly very saline soils
(see Table 18, No.26). The soils within the "dykes" are always clean, ise, they do not
conbain gravels, grits, etc. Many theories about the meaning of the karms .fields and
karmwalls exist. Adecording to some the dykes were built to create a micro climate,
according 0 others, to collect rain water. Moat probably however the karmwalls
consist of topsoll material from the karm field that became too saline and therefore

uas removed snd stored on the side of the field (mee Fig. 134).

Ancient agricultural fields are found mostly on the plateaun, l.e. in places where
there is not much soils They coneist of numerous, small psroaels with a rather
irregular form,and each of them were originally surrounded by a ! to 1.5 m high wall of
ghtones. The walls bumbled down and now only g stralght line of rubble is found on the
SPCto .

The fields themselves contain always more than 1 m soil. It is believed this
soil was transferred to the sgricultural fields from elsevhere by men. (oo Tig. 13B).

5 Soil and Water Conservation

Boil erosion by wind and water is one of the most important phsnomena in this
roglion, calling for action at Government and farmera' level. Because of the
undulating topography, the lack of soil structure, the rather light soil texture, the
sparsity of vegetative covering, the torrential character of rains and strong winds,
erosion is very quick. As a resuli, the region is now in an advanced stage of erosion.
For instance,the Libyan plateau o the south is for the most part entirely sroded, with
very shallow soils and rock oubecrops, and the escarpment algo is severely eroded in
the upper two-thirds,with rocks exposed at the surface.

The soil brought by runoff and wind is partly transporied snd deposited down-
stream of the wadis, forming = narrow strip of alluvial soil, The rest is transe
ported further and ig logh in the sea. On the other hand, the shifiting sand from the
northern side of the maritime sand dunes tends t0 cover thia narrow girip of good
alluviel soils,.

Brosion even digintegrates the rocks, and their products, such as sana and pebbles,
are transporied by runoff and gradually cover the good alluvial soil downstream. Thus
uncontrolled erosion could steadily transform the snitire region into unproductive land,

Although no special quantitative measurements for soil erosion were made, 1t was
geen  that, after a rainfall of more than 7 to 10 mmy, a large amount of smoil had been
carried from the slopes and deposited on depressions, flat lands and even on the roads.

The main soil conservation measureg should be established in the beds of wadig,
the lower slope of the escarpment (downstream) and on the coastal plains. In order
t o avold obstructing the passage of waler needed for irrigationserosion control
vorks should be closely connected with water conservation works and consist of dykes,
terraces, canals, a special contour ploughing system, the esbablishment of windbreaks,
shelterbelis and special crop protection.

For sand dune fixation the measures consist of the mechanical device of hedges of
rgads ar other materials and afforestation,

Soil conservation measures having no direct comnection with the various production
schemes recommended under the project should be decided upon at national level
and within the national development policy. The overall problem of soil consgervation
can only be solved completely through a long term integrated approach aiming at the
preservatlion of the production potential of the region. In this vespect it must be
emphasized that soll erosion is an irrveversible process. The soll, as a production
Tactor, cannot be replaced once it is lost. '
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Table 18 (cont.)
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Chapiexr 4

WATER RESOURCES

To Introduction

At T

Previous surface-water investigetions in the region are limited. The following
summarize the available data

~ Survey of Wadi Kharruba by John Ball (1937) published under the title
Whe Water Supply of Mersa Matrub". Based on obmervations of runoff in
Wadi Kharrube, the author assumed that the runoff, when daily rainfall
squalled or exceedsd 10 mm, could be derived by the formula :
r = 0.75 (R - 8)
whers r = amount of runoff in mm
R = amount of runoff in nmm

- Measurements of rainfall and runoff in Wadl Kilo 9 near Ras el Hekma during
January -~ Pebruary 1959, by Salab Shafel and Abdel Hamld el Tody. Thedlr
results confirmed the Ball formula.

- Mesgurements of rainfall and runoff in Wadi ¥ilo 9 during December 1959 -
May 1960. The results, published by Sogreah {(Reconnsisgance Survey of the
Western Desert Coastel Zone, "Appendix"), are different from those obtalned
during January - February 1959.

- Water supply asurvey of the Béqqush ares by Snlah Shafedl.

These hydrological investigations are ineufficient for estimating the frequency
and quantity of runoff of the wadis becausme of the short durstion of the measuremente
and the conflicting results.

The first recorded work related to ground water in the Coastal Zone was
Dr. John Ball's paper, "The Qattara Depression of the Libyan Desert™ (1933), whioh
contained references to o series of boreholes between Bl Alamein and the Qattara
Depression. During World War IT, the northwestern Coastal Zone became important
because of the demand for water bto supply the Allied and Axie soldiers. From late
1940 until the summer of 1943, geological and geophysical luvestigetions, test drilling,
and gallery development were undertaken by the British Commonweslth Army. Accounts
of these investigations and developments were published by Shotton (1944 and 1946) and
by Addison and Shotton {(1946). The Italimn and German Armies also constructed
oollecting galleries and drilled boreholesm, but accounts of their work are not published.

A study by Paver and Pretories (1954) summed up ground weter data available from
previous investigations and made electrical resistivity investigetions of some areas
of the reglon. PFrom 1954 to 1967, several investigators reported on general gsology
and groundwater conditions : Attia (1954) published a report entitled "Ground Water
in Bgypt® in which he inoluded s general discussion of the region's hydrologys
Kaddeh (1954) described ground-water conditions in the vicinity of the Burg el Arab
experimental farm; Shate (1955) reported on the northern portion of the Western
Desort including a discussion of regional geologic features alffecting the reglon;
Shata (1957) reported on the soil and watsr supplies of the Res el Hekme area; and
Sogreah (Société Grenobloise A'Btudes et d'Applications Hydrauligues) published a

report in 1961 concerning the land development of the region which included a discussion
of the water supplies.
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More recent reporis concerning the hydrogeology of the region include s portion
of a dootoral dissertation by Sasad (1964) eveluating the ground water reservair at
Fuka, and a doctoral dissertation by Shazly (1964) desecribing the geology and hydrology
in the Mersma Mptrub srea. Several recent lnvestigetors have dealt with the water
Gupply problems and potential in the Burg el Arab area. These include Sasd and Bl Remly
(1964), Bl Ramly (1965), end Haesan and Meghath (1965). Sharkawl (1964) reported on
the ground water in the region and (1965) recommendsd aress for sgriculiursl expansion
along the northwestern coast by using groundwater. The Begqgush ares wap desorlibed
in reports by Bowser (1959) end Bl Shafei {wndated), the Magid Valley ares near Mersa
Hatruh was desoribed by Harbash (undated) and the groundwater conditions at Res al
Helms were described by Hassan and Bl Ramly (1966). In 1965.66, the REGWA Company
prepared geologic and soll maps of the northwestern Coastal Zone.

The above summary constlitutes the major works deeling with the hydrogeology and
hydrology of the northwestern Coanstel Zone. 0Other corollary situdies and reports in
the field of agricultursl development are included in the "List of References®.

1.2, VWork dons under the project

The surface water lnvestigations included a hydrographical survey, and a dralnage
map was prepared by BODDO, at the request of the surfece water conservation expert, %o
show the cabtchment ares, length and average slope of the wadis. Blx wadis were selected
for runoff messuremente, rain gauges were installed on them and welrs conaitructed and
equipped with water-level recorders. A small basin in Fuka which drains inte a clastern
wag selected for meassuremant of the runoff coefficlent. Two apecial situdies were
made on the intensity and inland distribution of rainfall. Studles of the present
use of water resources (runcff of wadis, cisterns, galleries and wells) dealt with the
amount of water used for irrigation, the water distribution systems, and the means
of lifting walter. )

Basice hydrologic date relating to the occurrence,avellablility and chemiocal
guelity of groundwster were colleclted, and an inventory made showlng the loostlon,
depth to water, and mean sea level altitude of representative wells throughout the
project area, and of all wells, collecting galleries snd obther watering polnts in the
Pive pilot sremm. Key wells were then selected for periodic and continuous wabtere
level observations in the wvarious hydrogeological environments in each of the five
pllot areas. To provide e msasonal picture of the groundwater table and of the
chemical quality of the groundwater in the arveas, water-level measurements and chemical
analyses were made in all wells in April and October. The bydraulic properiles of
representative wells in these hydrogeological enviromments were also determined and
the dats used to determine the hydrologic balance for the pllot sreas. Outeide the
pilot areas,; wells were selected to provide date for interpretation between them.

Hoter~level weasurements were made once sach month in 60 observetion wells
in all, and charis were changed periodically om 13 observatlion wells squlpped with
automatic water-level recorders. Water-use date were collected to relate wabter-
teble fluctuations to man made causes. All date were tabulated on standerd forms and
syatematically plotted on maps and graphs.

eophysical investigations, underiaken by the CGeophysics Company of Zagreb,
Tugoslavia, snd completed in November 1968, are reported on more fully elsewhere.
Briefly, they oconsigted of elecirical reslebtivity surveys carrled gu& in two areas,
one of about 250 km" around Qatef-Uebal and snother of about 30 lm® around Fuka,
o attempd %o detect small subsurface geologie features which wight be & source of
fresh groundwater. Test holes will be drilled by the Covernment to check the svcuracy
of the geophysics. I+% is hoped that by proceeding in this manner 1t can be determined
whether the electrical resistivity method is & Peliable %tool for prospeciing for
groundwater in the project area without an exbensive supporting test drilling programma,
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2, Hydrography

2.1 Introduction

Thare 1s & network of wadle in the project area from the western bovder of the country
up to Fuke. These wadis are listed in Appendix 2.

The sizes given for the catchment areas of the wadis nre approximate, slince
the boundaries defined by the stersoscops from the serial photographs were sometlmes
illedefined, especially to the Soubth, becsuse of the even slope of the plateau. On
the original hydrographlical map some boundaries showed as & belbt of land of wvarisble
width. In these cases s line was traced on the map through the middle of the belt.
Where the side boundaries did not reach the belt, they were extended to 1t on the map.
The gsological features of the catchment areas were taken from the 1:50 000 geologiocal
maps of the pilot arveas made under the project, and, for the areas which these maps
do not cover, from the REGWA reconnalssance geological map at 1:100 000.

2.2. General hvdrograpvhical features of the projeci ares

The project areas, from the hydrographicsl point of wiew, can be divided in two
partss the western part, from Sallum to Fuka, which comprises & considerable number
of wadls in a hydrograpbic network more or less disbinetly organised, and the eastern
part, east of Puka, where there im mno evidence of a runoff network.

There are 218 wadis in all, with catchment areas verying from less than 1 Km®
%o 240 kn®. Some of them are in reality groups of small wadis. Table 19 shows
thelr classification by slze of cetchment arean.

In general the runcff network sterts from the plabesu, not far from the escaryment,
and both the plateau and the sscarpment are deeply out into by the beds of the wedism.
Sudden drops of 2-5 m are typlical in the escarpment area.

Loose stones and large boulders frow the calcareous foundation are ofien Ffound
in the beds downsirsem from the drops. Exceptfor those in the escarpment, the watew
sourses have an even longitudinal slope, seldom exceeding one percent. The wadis,
after ruaning some kilometres in the transition smone, either peter out in the depressions
and plalns or spread out behind the ridge of dunes. In some cases, howsver, they
reach the mes,

It eeems that the beds of the wadis in their present form do not result solely
from the sctlon of water erosion but were developed over o period when the olimate
of the ares was not the wseml-arid colimete 1t is now.

HMost catohment areas are underlain by hard limesiones of HMiocens age, with
the Guaternary alluvium belng found only in the lmmediste wicinity of the spreading
areas, Hard Pliccens limestones are Tound; howevsr, in the lower part of the
catchment areas of the wadle sast of MHatruh.
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Fable 19  HNumber of Wadis in the Coastsl Rewion

Slze of Catchment Area Total
Numbsy
5 5101 10-20 20-301 30-40 1 4050} 501001 100 of Wedls
kmz
Sallum - Sidi
Barrani 331 42 22 5 é q 2 2 83
Ernat of Barranid
- Mersa Asi 191 18 21 6 4 2 3 - T3
Um el Rakhem - :
Matrub 5 3 Z 3 2 4 T 1 27
Fast of Matruh
- Res el Hekmg 3 1 T 4 3 1 2 3 24
Res el Hekma
Fulks, 2 - 2 4 1 oo = 2 11
Total 621 34 54 22 16 ) 14 8 218

2.3« The Sallum ~ 8idi Barrani Ares (Wedis 1 - 83)

Many of the wadis, originating in the plateau, have out deep intc the escarpment,
which, starting very close to the mea near Sallum, runs in o south-easiterly dirsciion
inland up to a distance of 40 km southwest of Sidi Barrani.

Wadis 1 - 14 are short asnd reach the sea. As the escarpment runs inland, the
length of the wadis increames, but they do not resch the ses, petering out in the plain
which extends dowmstream from the cliff of the plateau.

Southwest of Sidi Barrani the escerpment is more even. Here there are three of
the biggest wadis of the project area, the Wadi Bl Khur, with two main branches,
Bl Magren and Bl Kebah, the Wadi El Kbaruba, and Wadi 83. Thelr catchment areas are
239, 82, and 164 km? regpectively, and they receive enough rain water to flow 2-4
times a year, The runoff is spread on the permeable soils downsiream and probably
enriches the underground aquifers.

2.4 The Area bsitween Sidi-Barrani and Mersa Asi (Wadis 84 - 156)

The escarpment in this area of uniform topographical features runs parallel
to the seashore. The 73 wadis are of medium size and run from south to north at a
distance of 1 -« 3 km from one another. Their catchment arveas are generally a narrvow
gtrip 12 - 20 km long and | -~ 4 km wide, The runoffs are spread on the narrow belt
of elluvial scll near the coast or reach the sea through the openings between the
sand dunes. These wadie seem Lo carry water several times each year.



2,5, The Arvea Um el Rakhem and Matruh (Wadis 157 - 183)

The wadis in this ares are larger, some of them being the most important wadis
of the project area. Slx of then (including Wadi Ashtan, Wadi Maguid, Wadi Madwar,
Wadi R&mlag reach the plain of Bl Qasr. All the wadis have well developed ranifications
and deep out beds. Some of them, near Mersa Asi, have a big drop of more than 10 m
just before the plain. Bscause of thelr large catchment areas and dense remifications,
the peak discharge of the larger wedls ls very high.

The wadis of this ares do nob resch the ses dirscily but spread out over the
alluvial plaing behind the mand dunes, or reach the lagoon west of Mersa Matruh.

2.6, The Area Fast of Matruh o Res el Helms (Wadis 184 — 207)

There are some imporiant wadis, also highly ramified, in thls arsa (Wadi
Haghamish, Wadi Zargs, Wadl Kmmwab&)u As the snnuel reinfall is low, they carryy leas
water than those west of Matrub, The high oliff of Bagqush, which rises sharply some
4 or 5 km inland, has bsen cut into by a certein number of wadimy four of which reach
the Bagguash plain.

The escarpment east of Has el Helma rune parallel to the shore and very cloase
40 b, Ffacing east. It bas been cul into by a few very shord wadis which are nol
included in the hydrogeological asurvey. One of these wadis is Wadi Kilo 9, in which
some runoff messurvements were made prior to and under the project.

2,7, The Aresn Between Ras el Hekma asnd Fuka (Wadis 208- 218)

The wadis of this area are of medium size and yun from west to eambt. Some
of them are well ramified bul carry very litile water, sinoe the arsa recelves in
general less rainfall. They all peter out in the plain of Fuks wmoms 5-10 km from
the Bea.

2,8, The Area east of Fuks

This ares does not have any wadis worth mentioning. There ls & conglderable
numbsr of closed depressions in it on whickh the runoff of the survounding slopes
converges, only to dlsappear gulokly through evaporation and infiltration.

3o Hydrologmy

3.9, Bydrologlcal investlipations

Joetete Introduction
The hydrologlcal investlgations in the project ares aimed to esteblishe

a} the corrslation beiween rainfall end runoff in the scatohment aves of
aach wadls

b} the freguency curve of the runoff in sach wadij

o) +the correlation between the amount of rainfell and the surface runoff
(runcff cosffivient) under different conditions of slops, intensity of
rainfall, soll, eto,

There was insufficient time wunder the projeot, howsver, to do more than establish
the methodes of investipation, define the difficultliesn and the means of overcoming

them, and reach some preliminery conclusions about the general oconditions of flow in
the wadis,
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3ote2s Methods
3.1.2.1. Measurements of the runoff of wadise

As 11 was not possible to take measuremenis in all +the wadis of the
area, s8ix representative wadis were selected and weirs construcisd on them by BGDDO
in preparation for the work of the surface water conservation expert. The selection
wan based on the following criteria:

a) +the wadis were to be of different sizes and located in wvarious regions
to cover the whole area from Hes el Hekms to Sallumg

b) preference was to be glven to wadis where the runoff could be used
downstream for winter watering of land suitsble for cultivationg

o) the wadis were to have a drop in altitude where a welr, accesible by car,
could be constructed.

Table 20 shows the wadis selected and their characteristics.

Table 20 Wadis selected for Hydrological Invesiimations

Name of Size of Average
Wadi Region Catchment Slope Total Length
Ares
kme Jom

Kilo 9 Ras el Hekma 4.25 0.035 2,0
Kharun Bagqush 13.50 0.0018 6.0
Ramla Bl Qasr 11750 0.0047 18.5
Mahleb Um el Rakham 18.20 0.0038 16.8
Tewila Bl Negeila 29,20 0.0042 23.0
Akrab Sallun 34.25 0.0056 T8

The short duration of flow, ite unforeseen time of occourrence and the relabtively
limited discharges callsd for the use of weilrs as the surest way to measure runoff
on the selected wadim. The weirs consiructed were rectangular, with large crests,
and the downstream face of the bulkhesd at a slope of 1:2. This type of welir has
been studied by the Research Experimental Station of the Ministry of Irrigation of
UAR and tables ,giving the relation beiween head and dlscharge, have besn drawn up.

The measurement of the head of water in the weirs was made by water level
recorders installed upstream at a distance not less than four ftimes the maximum head
axpected to run over the crest.

The dimensions of the weirs were calculated by empiricel methods, ithe sizes
of the catchment areas being taken into mccount. An enlargement of the welrs proved
necessary in Wedi Remla and Wadl Mahlab,

One or two rain recorders were installed in each catchment area for determining,
if possible, rainfall/runoff correlation. Unforitunelely, the "unit hydrograph® method
of determining the correlation could not be used, sincs there were insufficient
hyetographs and bydrographs of individual storms. Moreover, since rainfall in the
ares is widely dispersed, the number of rain recorders proved insufficient for
registering with precision the rainfall in the single catchment aress. Thersefore a
tentative estimate of the rainfall/runoff correlation is given for some of the wadis
by admitting & simple linear relation.
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3.1.2.2. Maasurement of the surface runoff (sheet sunoff)

Cipterns, of which there are & considerable number in the project area,
were used Tor the measurement of surface runoff. They are generally excavated ihb
rock snd ave lined with cement, and water can flow into them from the surrounding
area, As this makes = catcbment not usually more than one square kilometre in size,
one rain recordsr is sufficlent to measure the amount of reinfall in it. By comparing
$ha amount of rainfall and the additional volume of water collscted in the olistern
(measured by installing s water~level recorder), a rough estimate of the surface
runof? can be made. To reach safe conolusions about the runoff cosfficlent, measursments
of surface runoff should be taken for meveral years in a number of olsterns, distribuied
throughout the coastal region under different soil and slope conditions. However
messurements could only be taken in one cistern, locabed in Fukae. They started in
Pebruary 1968 and the results obiained were insignificent becsusme no rainfall coourred
after February in the fuka areas.

3eteds Difficulties dncountered

Many difficulties were sncountered in obtaining measursments; and the
value of the results is thereby lessened. The water-level recorders and rain recorders
did not arrive until Pebruary 1967, the end of the ?966/67( rainy season., Apart from
a few measurements of runoff taken in the Ramla and Tawila wadis with two old water-
level recorders provided by the Uovermment, measurements of runoff did not stard
until 1967/680 It is clesr that sure conclusions sbout the flow In the wadis
cannot be arrived at on the basis of measurements over so short a period of time.

As the squipwment installed was often damaged by intruders and animsls, each
instrument required fencing with barbed wire and permanent guarding. In the meantime
gome important measuremsnts were lost or wers not to be relied on. Heasurements were
also lost because charits were not changed on the instruments on the fixed day. The
assistant enginesy from Matruh charged with changing weekly the cherts of the 6
water-level recorders and 8§ rein recorders soattered throughout the project ares from
Puka 4o Sallum, often failed to perform his task through sickuness or because his ocar
was not working.

The dry sendwinds ~ "Khamsin" - caused damage to installed equipment several
times. Th sand, entering the rain-recorders and water-level recorders, stopped the
watch mechanism or dried the ink of the pen., Thus the rainfalls end runoff that often
follow sandwinds were not recorded.

Fotwithstanding these diffioculiblem in measuring the conditions of flow of the
wadls in the project arem, the experlence oblained was of a great value for any
further hydrological study.

3.2: Selscted Vadis

3e2¢1. Modi Kilo 9 (Ras el Hekma)

The main reason for ssleoting this small wadl for hydrologlcal situdy
was that the Desert Inatitulbe hed previously investigated it and some measuremenis of
runoff had been taken in 1958590 and 1959-80.

Jensral descrintion of the Wadl

The catchment ares of Wedi Kileo 9, d@ter%in@d on the basis of the 1:10 000 map
recently provided by the UJovernment, i@ 4,25 ", {see Pige %4)2 This area is divided
in two parts (the sastern part 2.56 Im“ and the western 1.69 km ) by the asphali road
whioch goes %o Ras el Helma. Owing to ite irregulaer topography and o the presence

of the road, the western part of the catobment sres makes by far the lgsser contribuiion
Yo the runoff of the wadil.

The ceichment ares is composed of 45 percent bare solitic limestone, steeply
slopingi 40 percent alluvial bench lands (sendy loam to ®ilt loam, highly calcarsous,
level to gently sloping, partially ocultivated)s; 10 percent talue slope and mixed
rook, and 5 pesrcent bench lands mized with rock outorops, gently sloping.
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The wadl has well developed remifications and a deosp-out bed.

Its total
langth is spprozimately 2 km and ite average alops 0.035,

The oliff of the plateau in this reglon rune very close to the coasty
as there im no plain,
lowmt,

thus,
the wadl remohes the soa directly and the runoff is completely

Obgervation methods

& welr wap constructed by the Desert Institute in 1958 at the outlet of the
wadl, where there is a natural fall of {wo metres. Ite width is 3 my itw helght
oné metre above the creset, and its maximum discharge,calculeted acoording to the
tables given hy the Research Hydraullc Station of the Ministry of Irrigation, is

Q= 4.3218 ul.s2
er H w ?000 m
Q max = 4.3218 md/s,

& watorwlovel recorder was installed by the welr and a rain recorder 500 m
upstream. The oharts of the two instruments were changed weekly. The data of the
rain gauge installed at the meteorological station of Rams ¢l Hekma, some & km north of
the wadl, were alsc taken into conmsideration.

Results

Table 21 shows the resulis obialned both from previous investigeilons and
under the project.

Table 21 Runoff and rainfall measurementa in Wadil Kilo 9
Rainfall
Date Runoff Rainfall Remarks
Rain geauge Raln gauge
neer the of Ras el
welr Helkma
3 mim days
1819, 1.59 314 14.0 965 2 Hepsurementa
30,159 2 041 0.7 0.0 1 taken by Salah
12e16,2.59 15 657 35.5 3203 ) Shafik and Abdel
Hamld el Tady
Total 18,012
26-27,12.59 34 15,8 18.8 2 Mensurements
30=31,12.59 194 0.0 24.5 2 reported in the
=2 1a60 T 528 55.6 19.2 2 Resonnalssance
Te1.60 6 619 15,2 6.5 1 Survey of the
230%@60 355 7@7 15@3 ? Nowo Coastal
10360 24 5.0 0.0 1 Zone by SOUREAH
Total 1% 351
6,42.67 1 000 7.2 177 i Mesaurementis
14, 1,68 ¢ 8.0 13.8 { taken under
295 1,68 600 6.0 568 { the projeot
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The following pointe about the above date deserve mentlion i

aw

s

The runoff of 26~27.12.%9 seems very low in relation to the rainfall

(15.8 mm near the weir and 18.8 mm in Ras el Hekma). This is probably the
resuld of the diepersion of rainfall in the cstohment ares and of the high
gapacity of retention of the drvy moll at this first rainfall of the year.

A runoff of 794 md was recordsd on 30-31.,12.59 without any reinfall being
rocorded near the weir. This is sleo acoounted for by the dispersion of
rainfall,.

The runoff of 1-2,1.60 is low im proportion to the very high amount of
rainfall recorded near the welr., Excluding the case of error, the faot
oould slso be explained by the dlespsrasion of rainfall.

The runcff of J4.1.68 was not recorded besosuse of damege o ths raln recorder.

Rainfell/runoff correlation

Broluding the above-mentioned abnormal ceses and considering the amount of

rainfall
shown in

rooordsd only in the rain geuge near the welr, data cen be tabulated aws
Table 22,

Table 22 Belected date on runoff, reinfell and duration
ot rainfall in Wadl Kilo 9

Rainfall
Date Runoff Amount Durstion

(R) (n) (')

md wmm days
18-19. 1.59 314 14,0 2
30, 1.59 2 041 10,7 9
1216, 2,59 15. 657 35.5 5
Te 1,60 6 619 15.2 ]
23. 1.60 355 Te? 1
6.12.67 1 000 7.2 9
29, 3.68 600 6.0 1

- The reinfall figures glven by the rain recorder certsinly do not represent
the averasge amount of rainfall in the catohment ares bevmuse of the dispersion of

rainfell.

However, a tentative estimate of the reinfsll/runoff correlation can be

nade by admitting o simple linear relation betwesn rainfall and runoff of the formy

Where R » smount of runcff

h = amount or rainfall
T » duration of rainfall
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The paremeters by, by, by can be celoulated by the analystical method using
the following formulas :

bef(ﬁxg)g + b3i(ﬂx2ﬁx3) = E(Am[\xa)
bgf(ﬂxgﬂxv}) + by (Ax;,))g ﬂX(Ax«;Axa) (2)

With the data of Table 22 and the calculations shown in +he Appendix 3, the
following values of the three parameters were obtained

by = 3922
by = 800
by = 1923
Thus, the formula (1) can be written s
R = 800k - 1923T - 3922 (3)

T%king into consideration the mize of the catchment ares of Wadi Kilo 9
(4.25 km*), we can generalize formule (3) es follows :

R=[0.19 (b = 4.9) - 0.457] 1000 8|  (4)

runoff in md

average rein fallen in the catchment srea in mm
duration of rainfell in days

gize of catchment ares in km

Where R
h
T
g

4 8 8 #

Agein it is to be noticed that formula (4) is only e first approach, or a
tentative estimate of the correlation between reinfmll and runoff. A more accurate
correlation could only be arrived at after some years of messurements. Moreover, the
formula can be applied only in Wadi Kilo 9 or oth%r wadle presenting the smame
characteristice i.e. small catchment area (4-5 ka®) and relatively steep slops (0.035).

Precuency of annual runoff

It is also premature to make any assumption councerning the frequency of the
annual runoff of the wadi, the only available dete being the following

Table 23 Awnual Runoff in Wadi Kile 9

Annual dnnuel Beinfall
Tear A Metruh i
unof £ (a?rport) Ras ol Hekma El Daba
m mm i mn
195859 18 012 143.9 79.8 105.1
195960 15 357 (1) 199 92.6
196768 2. 150 B3.5 97.5 7146

(1) Annual rungff for this year wes taken as the total measured runoff (1 600 m3)
plus 550 m”. ‘This is the runoff, calculated by formuls (4), corresponding

t0 the rainfall of 14.%.68
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T4 is to be noted that, during the three years of observation, the rainfall
in Bas o) Hekma and in most of the neighbouring stetions wesm definitely lower.than
the average annual rainfall. Taking this into account the following very rough
estimate of the smnual runoff and its frequency cen be mads

Frequency Total annual runoff Speoifioc runolfl
0.50 (average) 15 000 m3 3 500 mS/km?
0,60 = 0,70 10 000 m° 2 300 wd/kn®

3«23’20 Wadl ’Kharuﬁ

(Jeneral desocripiion

Wadi Kharun is one of the four wadis which reach the Bagqueh plain. T4 oute
deeply into the high cliff of Baqqueh, which rises sharply some 5 km inland, and
peters out in the plein.

The cmtohment arem of +the wadi (Pig. 15), determined from a 1:10 000 topographlownl
map, is 13.5 dm®, It ls 6 km long approximately and has an average slops of 0.0018.
It is ovoseed by the rallway and the Alexandria - Metrub road. To obtaln a better
spreading of the runoff of the wadi, a number of dykes have been constructed by
BODDO in its catchment area, upstream and downsbream from the road. The existence in the
catohment eren of the road, the railway and dykes parallel to the contour certainly
has a reiasining effect on the runoff of the wadl, diminishing its "sensibillity".
On the other hand it seems that, owing to the low annual rainfall of the region of
Bagqueh, the wadi oarriss less water than other wadis of the Coastal Reglon.

Observation methods

The same prinociples of obserwvation were applied as in the case of Wadl Kileo 9,
A rectangular welr 3.00 m wide and 1.50 m high was construotsd upstream from a natural
?all at a distance of 1800 m from the ses. A water level recorder was insimnlled
olose to the welr and o rain recorder near the raillway. The charts of both instruments
wore ohanged weekly. Observations started in September 1967.

Results

Owing to the dryness of the year 1967-68, especislly in the nres of Baggush,
no significant results on runoff were oblained. A small runoff of 500 n3 was the
only one that ovourred, corresponding to a rainfall of 5.8 mm recorded by the rain
recorder {sese Fig, 16).

3&2»30 Wadi Ramle

(Jeneral description

Wadl Ramla, the most important wadl in Bl Qasr reglon, has well developed
ramificatlions and a deep cut bed starting immediately south of the railway. Its catchment
ares, a greal part _of which is in the plaisau (smee Fig 17), was determined from merial
photos at 117.5 kml, This figure is epproximsie, since the boundaries of the area
are difficult to define. The wadi is 18,5 lm long and iis average slops las 0.0047.
Most of the catohment area belongs to the Teritlsry Miocens, Recent Quatermary being

- found only in ths spreading area.

After w oourse of 12 km in the plateau and the transition zone, ithe wadl reaches
the plain, where it peters out. A dyke constructed by BUDDO prevenits the flow of the

runoff to the salt lake of Matruh, Becauss of the large catchment area, the paak
discharge seems to be very high.
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Observation methods

4 lerge welr 6.00 m wide and 2.00 m high wae consiructed om the wadi 5.5 lm from
the sea, and a wateg level recorder was installed close to 1%. The meximum capacity
of the weir is 27 m”/sec. Because of shortage of equipment, only itwo rain recorders
were installed in the catchment area, one 6.75 km from the ses snd the other 12.5 ko
from the sea at the junction of the Siwa road with the Alexandrias-Sallum rosd. Oiven
the size of the caichment areas of the wedi and the dispersion of rainfall in the
Coastal Region, two rain recorders are certainly insufficient to measure the reinfall
in the catchment area. Obaservation on the runoff of the wadl started in Sdéptember
1966 when an old water level recorder was installed. Observation on the rainfall
started only in February 1967, upon the arrival of the rain recorders from Nome.

Results

Figure 18 shows the hydrographe obtained, end Table 24 the runcff and reinfall
megsured during the 4wo years of observation. The following should be noted s

-~ During the year 1966-67, seven flows occurred in Wadi Remla, only three of
which were measured. Acording to local information, the flows of 23.1.1967
and 4.3.1967 were very small.

~ During the year 1967-68 six flows occourred, four of which were messured.
The flows of 14.1.68 and 24.1.68 were insignificant.

Table 24 HRunoff and Rainfell messurements in Wadi Ramla

Total Reinfall
Wi mumn Wadi Remla Wadi Remla Matrub
Date Bunoff rain recorder |[raln recorder Station
discharge ¥o. 1 No. 2 (airport)
n3 m3/@ i min ol
28.9.66 T 900 0.884 recorder not inetelled 7.0
24010.66 49 000 6 547 L w 6.0
9=10411.66 375 000 20 000 " i 4146
172061166 7 y K 1641
1720167 9 " # 10.8
23.1.67 ? Y 204 8.7
4"3'67 ? 54»0 4@3 1&:2
Todal, 196667 431 900 126,0
2.11.67 32 000 3.255 3.8 no record TeT
151167 43 900 5.293 1503 G,8 2161
1701167 25 000 3.572 19,1 6.6 gae
17011.67 2 000 0.210 1.7 1ed 0.0
14.1.68 ? &.g
24,1.68 7 4.4 a2 G
Total V?967~68 102 900 , ) 83.5

Applying Thiessen's principle, rain recorder No. 1 shows rainfall over 7 pgrcent,
end rein recorder No. 2 over 83 percent, of the catchment area. This explains the
apparent discrepancies in the ftable. ‘
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Rainfell/Runoff correlation

4s the table above shows, date on runoff and reinfell are complete only forv
the flows of 15.11.67, 16.11.67 and 17.11.67.

A tentative estimate of the rainfall/runoff correlstion can be made hy using
the same mimple formule used for Wadl Kilo 9

1 (1)

The data of Table 25 below were used 3

B =15, + bgh + b3T

Table 25 Complete data on runoff, r&iﬁ?&ll,mmﬁ duration
of reinfall. Wadi Ramlsa

Bffective Reinfall Duration of Reinfall (1)
Amount of
Date runodf (R) Rain Rain Rain Rain

Racorder Recorder | Average Recorder | Recorder| Average

Noa. 1 No.2 (1) No. o, 2 (1)
mm mn mra mm hours bours hours

2/ 2/ 9

15. 1467 43 900 14.0 g/ Te 3/ B.4 6.0 560 Hedd

16.11.67 25 000 18.7 408 T2 170 115 120

17:11.67 2 000 1.7 Tod 1.5 05 0.5 0u5

(1) The average rainfall and its duration were calculated on the basis of the
Thiessen principle.

g/ Only the rainfall vefore and during the flow of the wadl has been taken into

oonal

deration.

On the basis of the caloulation shown in Appeudix 3, +the following formuls

was obiaine

T Jcd,
{117.5 hmg

Where

Apart from the reserve
Wadi Kilo 9) and the insuffici

d 3

Bo= 7110h ~ 7930 - 15207

(2)

#

£§@o& (R = 1.12) - 0.0137] 1000 8

7

El

#

L3 oW
€

runoff in m3
average rainfall
duration of rainfall in hours
gize of oatohment area in km

in the catchment ares in mm

(3)

ng into congiderstion the sise of the cetohment ares of Wadl Remla
g We cen genersalize formula (2) as follows :

put on the use of ‘the above type of formula (see under
ency of the number of rain recorders, the fact that

only three flows were used for the calculation of formula (3) and that these flows
were successive, limits the value ©f the formula.

But, as it is absolutely necessary to make an estimate of the runoff of the

wadissexpeclally in the highly interesting Bl Qusr ares, the formula was usad ms the
best obtainable on ithe basis of existing data,
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Fraquerncy of annual runoff

Thers were only iwo years of observetion on whioh to eptimate snnual runoff

Table 26 Observation of Runoff in Wadl Ramls

Annual Runoff
Yaar
Measured Batimated Total
missed flows
n3 m3 m3
196667 431 900 48 100 480. 000
196768 102 900 37 100 140 000

The ennual rainfall in 1966-67 was lower than the average annual rainfall

in the Metruh end El Qasr stations. The year 196768 was a dry year with an 82 percent

probability of its rainfall being exceeded. Teking theme facts inio account, the
annual runcff and ite {requency were roughly estimated ae follows :

Frequency Total annual runoff Specific runoff
0.50 (average) 500 000 md 4 250 m3/kmg
0.60 - 0,70 275 000 m3 2 300 n3/km

3.2.4., Wedl Mahlab

General description

Wadi Mableb, slso called Wadl Ibeltir, iu located in Um el Rakhawm, between
Ras Abu Laho and Mersa el Asi, approximately 35 km west of Matruh.

‘ It runs, with very few ramifications, for 2 km in the plateau in & deeply out
bed and, after a very steep drop of more thenm 30 m, reaches the plain of Suiniyyat.
This plain receives the runoff of 15 wadis in all.

The ostchment areg, a great part of which is in the plateau, is @ narrow atrip
16.8 km long and 18.2 km® in area end has an average slops of 0.0038 (Fig. 19).
It belongs %o the Tertiary Mlocene.

Observation methods

A weir 3.00 m wide end 1.50 m high, with a maximum capacity of approximately
& m3/ﬂ, was constructed just upsireamfrom the falland a water level recorder was
installed close to ite A rein recorder was installed 2 km south of the weilr.
Obgervation on the runoff and reinfall began in September 1967,

Results

Pig. 20 shows the hydrographs obisined and Table 27 the runoff and rainfall
measursd in 1967/68.
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Table 27 Runoff and Reinfall Measurements in Wadl Hahlab

Reinfall
Date Runoff | gt ebarge Wadi Mehlab He trub
Station
Amount Duration {airport)
n’ m3/g mm hours mm
2,11.67 80 6.2 5 T.7
151167 68 400 5.728 36,6 1 2.1
6.12.67 2 000 0,233 12.4 5 9.9
14.1.68 ? 9,6 10 6.0
Total for
‘the year .
1967-68 70 480

As the table shows, only one importent flow occurred in 1967/68. The simple
mothod used in cases of Wadi Kilo 9 and Wadi Reamla to determine annual runoff cannot
be applied because of the great variability in runoff measured, and it is also very
difficult to estimate the frequency of the anmual runcff on data from only one year
of observation, However, some indication of the annual runoff and ite frequency ocan
be obtained on the following basis ¢

&) +the totel rainfall in the area of Wadi Mahlab in 1967/68 was 92.1 mm,
considerably lesa than the average rainfall at the station of Matruh
(138.,2) end in 8idi Barreni (147.5);

b) the rainfall of 15.11.67 (36.6 mm, duration 11 hours), to which the runoff
of 68 400 m” corresponds, could be considered as an exceptional ralnfall
which, according to a specisl situdy on the rainfell of Matruh, recurs
every 8 years. Thus the runoff of the wadi in ?967/68 waas the result of
g storm of high intensity, which occurs once every 8 years, and of a low
annual rainfall.

Thus the annusl runcff and ite frequency can be estimated as follows

Preguency Total annual runoff Specific runoff
0.50 (average) 55.000 m3 3 000 m2/kn?
0,60 = 0,70 35 000 m” 2 000 m>/kn®

3.2.5. Wadi Tawila

Uenerel description

Wadi Tawila, which is located in the Negeila ares some 1-2 km sast of Bl
Wegells village, is one of the medium size wadis which run from south to norih and
whose runcff is spread on the narrow belt of alluvial soil near the coast. ILis
catchment area is 34.62 km“ and its shape a narrow sitrip 23 km long and 1-1.5 km wide.
Mot of this ares belongs to the Tertiary Miocene, the Quaternary being found only
near the estuary of the wadi (Pig. 21).
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The average slope of the catchment ares is 0.0042, The well-defined Yed of the
wadi starts north of the Matrub-Sallum road,; 9 lm from the sem. The two main branches
Join et a point 800 m from the shore. For hydrological observation, only the ehebern
branch, which has a cetchment area of 29,2 kmg, was used.

Obmervation methods

& welr 3,00 m wide and 1.50 m high with & meximum capacity of 8 m3/8, was
construcied upstream of a natural fall 2.5 km from the cosst. A water level recorder
was instelled olose to it and & rain recorder 1.5 km south of i%t. As a new meteorclogical
station was ereoted in Beptember 1967 at Kl Negeila village, very =lose to the Matrube
Sellum road, dats from this station were to be used for the rainfall in the catchment

areay but unfortunately the station did not operate régularly in 1967-68 and therefore
no date became available.

Observetion of the runoff of the wadi began in September 19663 observation
of the rainfall in September {967.

Results

lge. 22 shows the hydrographs obtained and Table 28 the runoff and rainfall
measured during two years of observatlon.

Table 28 Runoff and Rainfall Measurements in Wadi Tewils

Ma i mum Total Rainfall
Date Bunoff | gimcharge Wadi Tewils Negeila Matrubh
Station Station
Amount Duration
nd m3/& mm hours mim mi

9o14a66 18 700 1390 3365
10.11.66 8 400 0.970 , 8a.1
141166 14 400 2,213 0.0
26.,12,66 15 400 0,893 2e2
200 1.67 6 500 0.709 LT
Total of
the year 63 400
106667

2.11.67 2 000 0.255 TaT 4 T.0
151167 13 700 1,858 18.2 12 2101
16.11.67 500 0. 117 3.4 i 2.2
211167 500 0.072 o2 { 1.8
6@?2067 ) ? 1001 4’ 9@9
$4s 1,68 5 300 0,855 6.0
240 1.68 ? B0 406
29, 3,68 50 700 3,643 20 0.3 To7

10-31.3.68 60 000 4.500 0.2

Total of
the year
196768 132 T00
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Acoording to local information, the flows of 6.12.67 and 24.1.68 were moderate.
It seems thet the important flow of 29.3.68 was caused by rainfall in the southern
part of +he catochment area. The rainfall recorded by the instrument installed bear
the wolr - 2 mm -~ is very low in proportion to the amount of runcoff, Rainfall data
are lacking for the second important flow, that of 30-31.3.68, because of demage
to the rain recorder. '

Rainfall/Rumoff corralation

Broluding the flow of 21.11.67 (insignificent amount of rainfall) and that
of 29.3,68 (abnormal case due to dispersion of rainfall), the rainfall/runoff correlation
can be based on the dats shown in Table 29u

Table 29 Complete Data on Runoff, Rainfall aund Duration
of Reinfall in Wadi Tawils

Date Runoff g§§gggi§@ Daregtion of rainfall
mm mm hours
2.11.67 2 000 7.7 4
15.11.67 12 700 15.0 1/ 5
16411.67 500 3.4 i

1/ Only the reinfall before and during the £low of the
wadi is taken inte consideration.

Applying with the same reserves the simple method used in the vasen of the
other wadis, the calculations shown in Appendiz 3 give the following formulase

R = 190Th- 3765 - 22307

Tgking into consideration the size of the ocatchment area of wadi Tawlls
(29.2 ¥m®), we can generalize the Fformula nz follows :

[0.065 (n - 1.97), - 0.08T] 1000 8

runoff in mﬁ

rain fallen in the catobment ares in mm
durgtion of rainfall in haur@

gize of catchment ares in kn

=
8

Where R

=
g 2 ¥ 8

Proaguenoy of the annual runoff

There are two years of observsation for the estimate of anmual runoff @

Table 30 Observation of Runoff in Wadi Tawilae

Annual Runoff
Toar Fotimat
ietinates of the
Heasured “nissed flows Total
m3 m3 mB
196667 63 400 e 63 400
196768 132 700 T 300 140 000
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dnmual rainfall data has to be taken from Sidi Barrani, and Matruh stations,
as there is no station at Bl Negeila. The years 1966-67 and 196768 can-be congidered
a8 normal years for Sidi Barrani, the two annual reinfalls being only slightly
different from the average annual rainfall., In Matruh, the rainfall in {967-68 wae
lower than the average §6? percent probability of being exceeded) and the year
196768 wae a dry year (82 percent rrobability of being oneededg‘ Thus, the heavy
rainfalle which occurred on 29 and 30-31 March 1968 in the mouthernm area of Bl Fegeila,
cauging the two important runoffs of the sume dates, may be considered as uncommon
cansg,

Accordingly, only the following very rough estimate of the annuasl runoff and
its frequency can be given.

1
Frequency Total annval runoff Specific runoff
0.50 (averaga) 85 000 m> 3 000 m/kn°
0.60 - 0.70 60 000 m° 2 000 m/im®

302@6@ Wadl Akrabd

Jeneral dasoripéiom

Wadl Akrab, which is located close to the town of Bl Sallum, originates in the
plateau, cuts deep into the escarpment, which is very close to the coast, and reaches
the sea. It has well developed ramifications.

The catchment area of the wadl is 34.25 km2 and ite shape is almost clrcoular.
It is 7.9 km long end has an average slope of 0.0056. (Fig. 23).

Observation methods

A welr 3.00 m wilde and 1.50 m high wes constructed upsiream of & natural fall,
some 1,5 km from the coast. A monthly water level recorder was installed close to
the weir. As a meteorclogical siation, equipped with rain recorder, is in operation
in Bl Sellum, no additional rain recorders were installed. Observatlon started in
September 1967.

Results

In 1967-68 the total rainfall in Bl Sallum was only 70.6 mm - much lower than
the average - and no significant runoff occurred in the wadi.

303s The applicability of +the hvdrologicael data to the rest of the region

While estimates of annual runoff for the whole reglon are needed for defining
the scope for develoyment, extrapolations of the resulis obtained from the hydrological
investigations is hegardous in & region where there is so much verlablility in the
fectors influencing wadi runoff. This muet be borne in mind for the very rough
estimates made below, which, in addition, had to be bamed on the resulits of a mere
year or two of hydrologicel investigations and on some genersl information about
the flow of wadis and the climate and soll conditions of each ares.
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Estimate of the annual runcff of the main waedis

in the Coastal Region

With all the reserves expressed in ssction 3.1. above, we can recapitulate as -

follows 3
Table 31 Recapitulation of the obiainad results From the
nydrologioel studies of waais
Size of Reinfall/runoff Specific annual runoff
Wadl Region catchmant correlation Trequenc Frequenc
b
ares R e £ (heT) 0?50 J 0?65
kme 3 xm®
Kilo 9 Ram el 4025 RB=0049(hed.9)~0, 45T 3 500 2 300
Hekna
Kharun Bagqush 13.50
Ramle Bl Qasr | 117.50 R=0.06{het,12)-0.0137 4 250 2 300
Mahleb Um el 18,20 3 000 2 000
Rakham
Tawlla Bl 29,20 R=0,065(h-1.97)-0,087 3 000 2. 000
Hegeila
Akrab Sallum 34025

The following general information is also to be taken inbo consideration. .

« The area of Fukas, protected from the rainy winds by the rocky crest of

Ras el Hekma, and the .area of Sallum on the leeward side of the Libyan plateau,
sach receive less water than the rest of the Coasisl Region.

Wost of the wadls of the Sidl Barvrani avea are located inland at » distance of
20 $o S50 km from the coast. Rainfall decreases in relamtion to the ineressing
digtance from the sea in the Coastal Region. It is sstimsted thaet these wadile
recelve only 35-40 percent of the quantity of rain received near the coast b
the meteorologiosl station of 8idl Barrani.

According to local information the wadis east of Matruh carry less water than
those west of Matruh (Bl Qasr). This is due probably to the more permeable
golls of thelr catohment ares.

decording to local information the wedis of Bagqush carry less water than other
wadis in the Coastal Region. This is dus %o the lower rainfall of the area.

In fect the rainfall recorded by the rain recordsr of Wadli Kharun during a
certain period of the year 1967-68 wae 13.0 mm, while for the same period the
rainfall in Matrub wee 54.4 mm end in Ras el Hekma 57.9 mm.

fn the bvasls of the data of Table 31 end the information above, the annusl

runoff of the main wadis in the Coastal Region was roughly estimated as shown
in Table 32,
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Table 32 Rough estimation of the annuel runoff of the main wadis in the
Coastal kegion (frequency 0.65)

Nug?er ;f Catchment ares
wadis o Betimated

ment area Total Average annual r £1

more than per wadl runoff uno

10 km :

Xm? km® > /kn® )

Sal}u@ 14 328,11 23.44 1 300 426 000
81di Barrani 24 932.59 38.86 1 000 932 000
2idi Barrani
Bast 14 227.74 16.27 2. 000 455 000
£l Negeila 22 584.70 26.58 2 000 ) 1 169 000
Um el Rakham 12 535.T3 44.64 2 000 1 071 000
Bl Qasr 7 419,20 59.88 2 300 964 Q00
Matruh 14 697 .02 49.79 1 800 1 2%4 Q00
Baggush T 155.22 22.17 1 300 201 000
Fuka, 9 446.99 49,67 900 402 000
Total 123 4 327.30 Av 35,18 Av 5 1 588 6 874 000
Total for wadis with catchment areas of less than 10 km 626 Q00
GRAND TOTAL | | 7 500. 000
GRAND TOTAL (frequency 0.65) 11 000 000

30362, Maxinmum runoff of wadis

To design hydreulic worke for the wadis of the Coaastal Region, thelr
maximum discharge must be known. As the neasurements of fthe discharge teken in some
vadis are very few, it is necessary to have recourse to formulas by which the
maximum discharge of a wadli can be caleculeted on the basis of its physiographic
characteristics and the maximum expecied depth of precipitetions during the "fime of
concentration®,

The characteristics of wadis (size and length of catchment area, average slope)
cen be determined with a certain accuracy from the existing maps and eerial photos.
These characteristics are given in the tables of the hydrographical survey of the
Coastal Region {gge Appendix 2) . The ma% mum depth of precipitetion-duration
curves has been calculated in an interim report on the besis of the rainfall data
of the Matruh meteorologicel sitatlons, covering the period 1951-1965.

l/ P, Bconomiden - T. Harhash : "Maxinum depths of precipitaticn in accordance
to the duration of rainfall and the recurrence interval® Alexandria, October 1967.
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Thus, for the calculation of the maximum dimcharge of a wadl with & determined
recurrence interval we can uss the following metbod ¢

&) Calculation of the "time of concentration® Tg

The following simple formule of Passinl can be used 1

Vim

time of concentration in hours
length of cetchment aves in km
Size of cetchment ares in km®
average slope of the wadil

Where 1 To
L
8
Im

b} Maximum expected depth of precipitation durine the "iime of concentration®

Por the celoulation of the maximum expected reinfall during the "time of
concentration” we can use the formulae given in the above-mentioned interim report
for the maximum depths of precipitation for durstions of rainfall. To & recurrence

interval of 10 years, whioch i® considered remsonable for smell worke, the following
formule corresponds

he = 26.5 T 0199 (2)

where ¢ h, = maximum expected depth of precipitation in mm with a
recurrence interval of 10 years during the time To

To = time of concentration in hours

6} Maximum discharge of wadis

The following formule of Turaszzs cen be used 1

Quax = 1.5 x ¢ x 8 % ho
3.6 x (To + TrT) (3)
Where Qmex ~ maximum discharge in m>/s

¢ = instantansous runoff oaeﬁﬁo&gnt (C=0.70)
8 = size of catohment ares in km

he = maximum expected depth of precipitation duri
ng the time To
Tr = duration of rainfall, The mawximum discharge ocours when Tr « To,

In Table 33 the ocaloul

ated maximum discharges of the wadis sel teod £
hydrologiocal investigation are given, The same meth for or

, o T od can

of the wadis in the Coastal Region, @i be epplied for the rest
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Table 33 Maximum discharge of the wadis in the Coastal Region
selected for hydrological investigation

Physiographic Maximum Maximum discharge
characteristics Time of expected
concentre-|depth of Celouleted with |Measured during
5 L I tion Te precipita- |g pecurrence in-|the period of
catchment| length | slope tion during! tgrvel of 10 the hydrological]
area of the time Te years investigations
wadi
xm® km hours mm m3/m mB/B . %f
: DR TN
Kilo 9 4425 2 0.035 122 27 13.72
Kharun 1350 6 0.,0018 11.09 37 6057 -
Ramls | 117.50 | 18.5 [0.0047| 20.26 43 36.35 20,000 T
Mahleb 18.2 16.8 [0.0038{ 11.75 38 ‘ 8,58 25,728 @ ¢
Tawlle 29.2 23.0 0.004 15,00 41 11.65 , 4,500
Akrab 34.25 7.9 10.0056 9.33 36 19. 34 G4

b Hydrogeology

4els Hydrogeological investigationa

The potential for agricultural development on the project aresa is limited
by the lack of usable water. Heither surface nor groundwatbter is gvailable for large
scale agricultural development projects or even 40 support large domestic smeltilements,
But what there is should he developed, if only for the purpose of settling the DBedouin
tribes into villages relying uvpon agriculture.

The hydrogeological investigations under the project could not be based on
axigting knowledge of the geological conditions, the rainfall and the climatic feabtures,
and runoff and groundwater variations over a long period, since, sxcept for some geology
and a few long-term precipitation records, data on these matters do not exist. Predice
tiong of water occurrence and availability were therefore very difficuli. Since sgur-
face geologlical mapping in the project ares is very diffiocult because the bedrock
formations are generally buried and individual beds of limestone, clay and sandsitone are
gimilar in appearance, surface geologleal investigations and mapping were undertaken
only in the selected areas El Qasr, Dabaa, Fuka, Negeils and Bagqush. The maps show
cuterops, sbructural festures, geologic sectlons, and generalized geo%ogic columna with
lithology and approximate thickness of uwnits. In sdditions g 400 km™ gres southwest
of 84di Berrani was investigeted by the CGeological Swrvey of Egypht, and an interpretative
report and maps on it subnmitted %o the project as part of the Uovernment‘'s pariicipation.

A %est drilling programme to provide subsurface geologlc data and additional
hydrologic data in the detailed study areas and in certain other selected aress was
undertalken by Covernment persomnel with Government equipment in cooperation with the
hydrogsologinst. Drilling was supervised by the Bgypiisn counterpart stafl, Twanty—
nine test holes were dug by hand and twenty-~four holes were drilled by percussion
squipmeni. Rock and water samples were collected from each hole. Electrical
resigtivity surveys were carried out in two arsas in %n attenpt to detect mitructurally
perchad groundgater bodies., An area of about 250 km“ around Qataf-Gabal and an area
of gbout 30 km® around Fuka were chosen for the purpose.
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The groundwater study of the projecl ares was carried out in two phases. The
firat phase included a description of the groundwater remervoir, its geology, water-
beering zones and position, the extent of the water table in relation to varying seasons,
and the changes in the chemical quality of the water in response to fluctuations in the
water table. The geologic formations and their water-bearing characteristios are
given in Table 34. The mecond phase included the guantitative aspessment of the ground-
wpter conditions, aguifer tests to determine the coefficients of transmissibility {(the
rate at which the aquifer will yield water) and the storage coefficients (the amount of
water which can be stored in the agquifer). These dabs wers then used o esbtimate the
$otal amount of water available in selected greass, the pumping rates neceasary to
prevent the intrusion of maline water, end the proper well spacing for eliminating
interference bhetween pumping wells. :

Az a Pirvst step in describing the groundwatbter situation in the area, an atliempt
was made 1o inventory all the exieting wells, collecting gelleries, and other waltering
points in the five detailed study areas, and many wells throughout the remaindsr of the
project ares. This inventory includes information on locationg depth bo water, mean
gea level altitude, and other basic datae on the watering points, and the chemleal
analysis of water samples, After completion of the inventory, sixbty periodic and 13
recording observation wells were monitored to determine seamponsl and oyelic fluctuatlions
of the water table. Twice yearly water levels were recordsd o determine high and low
water level,and chemical analyses were made for corresponding periods,

Preliminary quantitative studies were made to debermine a hydrvologic balance for
the five detailed study areas. These provide some indication of the “mafe yleld", or
the amount of water which can be taken from the basin withoub producing an undesired
rasult.

4.2 Main features of groundwater in the region

Groundwater in the region cccurs under both sxteslan and nop-artesian
conditions; Thowever, all the groundwater sultable for sgriculiursl and domesilc usmes
ocours in relatively shallow non-artesian aguifers or in small shallow semi-porched
gguifers with slight artesian pressure. Belatively larges gquantities of growndwater
are found et depth in rocks ranging in age from Ureitmceous to Wlecene, but the quality
of the water is bracklish to highly saline and the water is nobt usable for the purposes
of this project.

The non-artesian aguifers in the cosstal plalin occur in Miovene, Pliocens,
Pleistocene, snd Recent deposibs which crop out at land surface and are recharged
directly by rainfall and by the infiliration of surface runoff. In the sandy coastal
dunes there is very little runoff, as a large pacvt of the precipitation enters the soil.
Inland, the soils ave less permeable and water tends to run off to lower areas or o
gtand on the murface, where it rapidly evaporates. Conseguently, southward from the
coast, smaller amounte of water sre recharged into the groundwaslber reservolir:

Homearitesian growndwater in the cosstal plain can bs found as the maln waber
tabley the coasgtal dunes water table, and as semi-perched water tables in structural
basing {(see Pig, 24). i

Maln water table, The main walber table aguifer is compomed primarily of relg~
tively fine-grained marly limestone, but near the coast it is composed of alluvisl silt
and sand, The aquifer is present throughout the coastal plain.

The surface of the main water table is at or near mean sea level throughout mosh
of the aresa. The gurface of the water table is near medn sea level along the coasts
hovever, in some areas, such ag Bl Gas®,;the water table »ises mo that 18 km from the
coast it is about 100 m above mean sea level. In other areas, such as El Debasn, the
water table is only about 1 m above mean sea level 12 km south of the coashe The
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relatively low water table gradient implies very slow movement of groundwater fowards
the sea and this slow movement resulis in the solution of relatively large amounts of
soluble salts from the Miocene limestones. This, along with the proximity %o the sea,
largely accounts for the galinity of water in the aquifer.

Recharge to the main water table occurs through direct infiltration of precipi-
tation and through infiltration of surface runoff; particulaerly near the coasty vwhere
water ponds form after heavy rains. Discharge occurs through extraction from shallow
wolls, evapoitranspiration where the water level ig near the surface, and subsurface
outflow to the mea.

There is little wniformity of water guality or yield from wells tapping the maln
water table, except near the coast in the alluvianl sediments. The lack of uwniformity
is wndoubtedly related 4o the secondary porosity of the squifer which is developed by
golutionally enlarged openings along Joints and bedding planes. Where relatively
fresher water ls encountered, 1% im related Ho vertical and lateral porosity which
allows move prapid movement of water o and within the aguifer, to bopographical condi-
tlong favourable for internal drainage, and to geological conditions favoring the acou=
malation of ground water. In all dnstances, fresher water floate on more saline water
and the thickness of the fresh water some is related to the amount of recharge reaching
the aguifer and to the altitude of the water level above mean sea level. lear the
coast in the alluvial sediments, the water guality is more uniform and the fresh water layer
is generally thicker because the water table is near the surface and receives substan—
tial amounts of rechavge by direct infiltration of rainfall and surface runoff,

Tields of wells tapping the main water table are generally adsquate o suppord
a windmill if the water quality is satisfachory. However, excessive pumplng causes
rapid deterioration in the water quality. In many areas the upper relatively fresh
water zone is do thinm that it is not possible to develop any fresh water.

Coastal dunes water ftable. The coastel dunes are a prominent Ffeature throughout
much of the project ares. From Alexandria o near Bl Alamein the dunes are very
prominent, between El Alamein and El Dabaa they are less conspicuous, and from El Dabaa
and Fuka they are only locally developed. Fear Ras ol Hekwms the dunes are prominent .
and very well developsd to about 40 km west of Mersa Matruh. Bagt of Nepeila they arve
cut by wadis which extend %o the sea, and from FNegeila to Sidi Barrani they are well
developed in some areas and abgent in others, West of 5idi Barranl they are well
developed 4o near Ballum.

Recharge to the water fable in the coasital dunes ocours through infiliration of
precipltation, through lateral seepage of accumulated surfscs runoff behind the dunes in
areny of favorable inland drainsge, and through subsurface meepage from the main water table
vwhen 1t is higher than the water table in the dunes.

Dischargs of water from the dunes occurs through collection galleries and walle,
through subsurface seepage to the sea and inland to the lagoonsl areas when the water
level in the dunes is relatively high, and through transpiration by plants along the
fringse of the dunes,and occasionally by deep-rooted plants on the dunes.

The position of the water table in the dunes is related to $he balance between
recharge and discharge, to topography, and o the hydraulic properties of the dunes.
In areas where there is significant recharge from the various sources and little Aig-
charge, the water level may bs a metrs or more shove ssa level. In other areas where
there is less recharges or more discharge, the waber level may be only a fow centimetres
above mea level. The water table is somewhat above gmes level and will generally be
hig?éﬁf under the highest dunes, except where manmade effects disturb the natural
conditliong,.

Where the dunes are well developed and receive substantial recharge, the water
quality is very good, commonly lesa than 1 000 ppm botal dissolved golids, Due %o the
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linited recharge, however, the quallty deteriorates rapldly if pumpape 18 excesoive.
Therefore, to extract substantial amounts of water from the dunes, it ig necessary to
carefully control the pumping and to monitor the changes in water guality. ~The guality
of the water in the dunes is elso related to the proximity end sise of salt marshes.

As @ part of the recharge to the dunes is from seepage of ponded surface water, o salt
marsh immediately behind the dunes causes rechavge water to become saline bhefore enten—
ing the duness.

Synelinal basin water tables., In some areas in the coasital sone the interbedded
limestones and clays have beon folded into gentle synclinal (basin-like) structures,
Where the relatively impermeable clay in such a basin is overlaid by  limee
stone and where the basin lies above sea level, conditions are favourable for the devew
lopment of groundwater. Such basineg are recharged by rainfall, runoff or by subsur-
face inflow. The salinity of the water in the sirucburael basing ie lower than that of
the moin water table. Detailsd test drilling by the British Commonwealth Army proved
the exiotence of a synclinal besin ot Puke and Jess extensive drilling near Qabof.
Gabal, and Hatows indicated deviations from the mormal geologicael smiructure which might
be similar to the Fukse struciure.

Where these siruchturally perched squifers oceur they supply good, though probably
limited, supplies of groundwater. At Tuke, for instance,; the synclinal basin has

AN

yielded water with & salinity of less then 1 CO0 ppm tobel dlssolved solids for 25 yearE«E

The resulte of gquantitative studies indicate that the synelinel basin st Fuke has the
pobtential o yield more water than is presently being developed from properly located
and pumped wells without excessive mubual interference or merious depletion of ground
water in sbtorage. Welle tepping the perched aguifers at Gatal-Uabal snd Rage—el~Husan
commonly produce water with less than 500 ppm total digsolved golids.

Locally perched water tables sometimes ccounr in wadls where there lg an lmpere
meable clay layer relatively near the surface. Wherse thls condition has been obmerved
in the project area, bthers is no potential for development becavese of the limlted
quantity of water and its high salinity. The high salinity of the water indicates that
the flocding of the wadls ls not frequent enough to flush the salts from the aguifer.

Depth of the water bable, The depth of the water table in the project ares
varies from lems than a metre to more than 50 melres, depending upon the relationship
of topography to hydrology and upon the season of the year. Highest water levels
ocowr from Februsry to April, depending upon the length of the valny sesson, and lowest
water levels occur from October to Wovember, depending upon the beglinning of the rainy
HeR80N,. To the gouth of the area, wells with water deeper than 50 metres are ubilizged
by the Bedouinsy nearer the coast,; the weter hable ils, of course, closer to the land
surface,

In the interdunal plain behind the cosstal dunes, the walter table ls generally
less than 5 metres below land surface. Iin the coastal dunes the water table generally
vanges from 5 fto 10 metres below the surface, deponding upon the helght of the dunes.

The depth to the water ftable in the struvebural besins verles according bto topo-
graphy and the depth to the subsurface confining layers. At Tuke, the gemi-perched
water table ig between 13 and 14 melres below land suwxrface In the Jataf-Oabal area the
water table is between 11 and 14 metresn below land surface and ot Haog-el~Husan Lt is
about 45 metres below land surfacs,

Where Llocally perched water tablee occcur in wadis, the depth to water ia
gonsrally lesa than 10 metres.

Quality of the water. The quality of the water encountered in tho peveral
agquifers in the area veries widsly. Devending upon the hydrogeologlonl conditions, the
total dissolved solids content may vary from a few hundred to several thousand paris
por million. Water gquality also varies with sessons, belng best lmmediately nlter the
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winter reins, and worst in the late sutumn before the beginning of the ralny sesson.
Woter from the main water table squifer may contain as much as 20 000 ppm total
dissolved solids or less than 1 000 ppm.

In the alluvial sediments near the coast, the water quality is more uniform
and the total dissolved solids are commonly less than 3 000 ppm.

In +the coastal dunes the water often containe less than 1 000 ppm. Water from
the structural basin agquifers is commonly good, bubt the lecally perched aguifers in the
wadis commonly contain water high in total dissolved molids.

So The Present Use of Water Remources

5.1s Surface water

The available surface water resources in the region are:

(1) The surface runoff (sheet runoff).
(i1) The runoff of wadis.
(1i1) The Wile water dastined for the irrigation of the Exlension
Hariut Project.
(iv) The water carried out by the pipeline Alexandris - Mersa Matruh

The water carried by the pipeline is exclusively for drinking,and the Nile waler
concerns only +the ares of the Mariub Extension project. Thuse surface water resources
for agriculture in the rest of the region are the surface runoff and the runmoff of
wadis, both of whichare a direct result of rainfall and depend on the total amount of
ity its annual distribution and its intensity.

5.1le1ls Natural Qinter watering

Watural watering of land in winter takes place in s

(a) the depressions, where the topographical situstion favours the
accumulation of the runoff of wadis or the surface runoff from the
higher-lying areas

(b) the water ppreading szones, where the runoff of wadis is spread
freely following the slope and accumulating behind the natural
obstacles (sandy dunes or rocky hills).

As the two processes are accompanied by a sedimentation of the fine materials,
the depressions and pard of the spreading areas usually contaln deep alluvial solls.

In the areas of an undulating relief, (Dabas, Fuka) most of the areas cultivated
with barley receive additional water from the surface runoff of the surrounding higher
areas. Farmers know by experience the locations where surface runoff accumulates and
these locations are the first to be ploughed for barley cultivation. On the other
hand the runoff of wadis is naturally spread in the cosstal pleinsg and sspecially in
those where no outlet to the sea exisis. Mogt of the flooded areas are cultivated
with trees or vegetables.

But this naturel watering is very irregular, depending mainly on the Hopography.
The low flat areas, upsitream the natural obstacles, receive too much water which cannod
be retained by the soil and is lost by infiltration to the deeper lavers.

Owing to the irregular depth of flooding, the beneficlary arsa by natural
ppreading in the plains is very limited. Pollowing heavy spring rainfalls, the dopth
of water in these low arens is excessive, preveniting the timely preparation of the
land for cultivation of spring crops (vegetables).
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85.102. Artificisgl winter watering

Artificial watering is doneonasmall scale by:

a. congtructing dykes to prevent the flow of the runoff of wadis to the
Be8,3

be constructing dykes, in the spreading zones, diveriting the runoff
of the wadis. In some cases gpreading is facilitated by the opening

of small channels by which the rumoff water reaches some imolated
fieldsg

c. consiructing transversal stone or earth barrages in the beds of the
small wadls to facilitate sedimentation and create terraces which
in general receive abundant runoff from the wadlsj

de constructing small dykes parallel to the contour llnes 4o retain the
gurface runoff,

To prevent the flow of wadi runoff from reaching the mean and to facilitate the
natural winter watering in the spreading zones, EIDDO has congtructed a certain
nuimber of dykes. The first objective was reached: by closing the mouths of the wadis
with earth dyvkes, runoff water is kept away from the sea and the ereas immedlately up-
stream from the dykes are flooded during the apates, In some cases an enrichment of the
ground water is also obtained, The mecond objective was not truly reached becausa,
owing to the glope of the spresding areas, the runoff of wadis finds channels to follow

in them and consequently only a very limited area upstream the constructed dykes is
flooded,

Some mmall artificial winter watering works have also been conetructed by
individual farmers. The resulite are morve or less favorable. Good sxamples of succesge
ful works are gome farms planted with olive treesinthe Hl@asr ares, the barrages construc-
tod in the bed of Wadi Halazin, etc.

The construction of the gbove works by irndividual farmers shows that the lmpore
tance of the winter watering has been well undersitood. Table 35 ghows the dykes
constructed by EGDDO and other government organiszations.

Teble 35
DYKES CONSTRUCTED IN THE COASTAL BEGLON BY EGDDO AND OTHER GOVEBRNHENTAL
QRGANY ZATTONES
) Fumber
Region | of Total Approximate
Dykes length Volume Purpoge of Dykes
m m
8idi Berrani 8 3 700 55 500 To prevent the flow to the sea
" C12 2 100 99 500 To gpread the runoff
Negeila 4 1 500 30 000 To prevent the flow to the ses
n 27 4 600 21 000 To gpread the runoff
© Abu-Laho 11 1 740 11 000 To spread the runoff
Um el Rakham 1 600 3 000 To gpread the runoff
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Table 35 (cont.)

Tumber
Reglion of Total Approximate
Dykes length Volume Purpose of Dykes
m m
Mersa
Matbruh 2 2 700 63 000 To prevent the flow to the ses
20 2 800 13 000 To spread the runoff
Garowla 3 2 800 16 000 To gpread the runoff
Baggush 1 460 12 400 To prevent the flow 4o the sen
8 & 400 T 700 To spread the runoffd
Tuke 19 15 000 60 000 To spread the runoff
TOTAL 116 44 400 300 100

50.1.3 Cisterns

Hore than 3 000 cieterns dating back 40 the Roman period exist in the
Coastal Reglon. Some of them (approximately 30%) have been cleaned and repaired by
EGDDO and the farmers during the last years. They are the waln drinking supply for
the peoples and the animals inland. ‘ :

The cisjerns have been excavated in the rock and their capacity varies from
100 to 3 000 m~. Dyk@m or chennels constructed to facilitate the socumulge
tion of the runoff in the clatern are sometimes found. Table 36 shows the cisterns in
operation after cleaning by BGODDO and thelr capacitye.

CISTERNS IN OPERATION IN THE COASTAL REGION AFTER CLEAWING BY BODDO
Reglon NUﬁger Capacity
Cisterns Total ! Average
m
Burg 1 Arab - Hammanm 15 2 o000 ' 133
Dabpa « Fuka 104 30 000 288
Herea Matruh - Wegeils 229 120 000 524
$1d4 Barrani - Sallum 138 ‘ 63 000 456
TOTAL N 486 215 000 | 442




De2.  Groundwater.

502e1e Types of gupnl

Drilled wells

At present there are six drilled wells tapping the limesione

aguifer at Fuka. ALL wells were originally equipped with turbine pumps but in Mareh
1968 only three of the pumps were operative. The pumps are capable of producing about
25 m /houry but generally no more than two of the wells are in working order simultan—
gously and these are operated no more than four hours each day during the irrigation
808,800, During the non-irrigation season, the pumps are operated much less as they
only supply water for Fuke village. The total annual withdrawal from the drilled wells
ig estimated to be about 48 000 m3 although in gome years the pumpage is much greater.

There are gix drilled wells at Hatowa near Mersa Matruh which were drilled
durdng World War IX. These wells were used %o supplement the Mersa Matruh muniocipal
water system for several years but hgve not been used since about 1964. The wells are
out of operation because of faulty pumps and poor water gquality.

Twenty-four wellg drilled during the UNDP/SF project were primarily for geologic
and hydrologic date, and are not used for water supply.

Wells were drilled in meveral locatione during World War IT bubt,except for the
wells at Puka and Hatowa, all have been desiroyed or abandoned.

Dug willa

The total number of dug wells im the reglon iz noi accurately known. There
are about 1 040 dug wells equipped with windmille; many with some primitive mechanical
arrengement for raising the water and many where the water is railsed simply by bucket
and rope.

The largest conceniration of dug wells with windmille is in the Burg el Arab
ares where there are 526 windmillsi Thowever only aboubt 200 of the windmills are in
operation. The total annual segtimated withdrawal by the windmills is 90 000 w.

At El Qasr, there are about 110 wells with windmills and about 50 wells with shadoofs
or buckets and rope. The total estimated annuel withdrawal of ground water from the
dug wells ia T5 000 m, There are about 130 dug wells with windmills at Bl Dabas
with an estimated annual yield of 20 000 m. There are about 25 dug wells with wind-
mills at Puke with an estimated annual yleld of about § 000 nd, There are gbout 20
dug wells with windmills in the Wegeils ares but due to lack of maintenance of the wells
or windmills and because of saline water in some wells the groundwater extraction in
that ares is negliglible. There arve 34 dug wells equipped with windmills and & wells
equipped with shadoofs in the Bagqush-Burbeita ares. The estimated annual pround—
water withdrawal in the area in 12 000 m-. In other areas of the coastal zone there
are about 215 windmills andan undetermined number of wells with shadoofs ox huc%@t& and
TOPEH. The egtimated annual withdrawal of water from these wells dm 75 000 w’e

A rough sstimate of ground waiter developed from dug wells annually is 275 000 TER

Collecting galleries

The most extensive gallery development ls at Bl Quer, where there are 10 differ-
ent galleries with a total developed lengith of about 11.%5 knm. The total annual
withdrawvel of water from collecting galler%&s in the Bl Qasr ares is estimated o be
250 000 to 300 000 m3, or 0,056 to 0.071 m” of water per metre of gallery por day.



90

Extensive gallery systems were developed during World War IX %n the Bagguahe
Burbelia area. These galleries were reported to have produced 290 m” per day wlthoub
over pumping. Unfortunately, these gallery systems have been allowed %o deterlorste
and in 1967 the only water taken from the galleries was with buckets from holes dug
along the old gallery mlignments.

Galleriesn less successful than those at Baggush and Burbeits were consirucited
at Bugbug, Zagya, and Kilo 96 during World War II. ALl these galleriss have been
destroyed.

B:.2.20 Means of 1iftine of water

Windmille

Windmille are the most common means in the project area of 1lifting
water from welle, since winds blow fairly congtantly with an average speed of 15-20 km/h
and thus favour their use. According to the existing metevrologloal data i1 seems
reagonable 40 aspume thalt the average deily operation of the windmills is about 12 %o 14

hours.

By the initlative of EGDDO, 1 041 windmills have been installed in the arvea from
Sallum o Burg 61 Arab in a perlod of five years.

removed or are out of ordev.
the Hxitension Irrigation project

However, many of these haove been

In the Burg el Arab area, waiter ls now available through

there may be mechanical troubles with the windmill,
of interest in utilization of the groundwalter.

elpewhere waber may be scarce or highly saline or

Pinally,; many farmers show s lack

Stone storage tenks of a capaclty varying from 2.% 4o 12 m> are consitructed
close to the windmillse,
level doss not permld ume of the water for ilrrigation by graviby.

With a few excepbtions, these tanks are excavaited and thoir

The discherge of the windmills depends on the depth of water and on the wind

gpaed,

According to sporadic maaaur%
t0 0.8 m3/h, with an average of 0.4 u’/

Dota on the windmllls in the project ares are shown in Table 37.

Table 37

WINDMILLE TN THE COASTAL REGIOW

mente mads during the project, 1t varies from 0.2

Humber

Number of

Amount of water

A ; : Average Irrvigated areas

Locality of wind- windmille | capaclty uged vearl

mills in opera- | of gborage | Trees | Vege- Per winds Total

instelled | fiom banks bables | mill

m3 numbsr | feddans w3 m3
Burg el Arab 526 200 3.5 40 000 15 | 450 90 000
Dabaa 190 190 3.5 15 000 8 | 150 28 500
Mersa Matruh 311 276 8.0 70 000 12 4430 132 500
51di Barrani 14 14 3.5 éfor drinking) | 100 1 400
: only

TPotale 1041 680 125 000 35‘ Av, 370 252 400
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Mechenically driven pumps

Hechanically driven pumps are used for lifting water from the galleries of El
Geer and from the drilled wells at Fuka. In the galleries, centrifugal pumps driven
by diesel motors of 6-12 hp are used; in the drilled wells at Fuka, turbine pumps
driven by elecirical motors are used. Dota on the pumps is shown in Table 18,

Table 38
MECHANICALLY-DRYVEN PUMPS USED FOR IRRTIGATION IN THE COASTAL REGION

Locality | Pumping | Type [Horse-| Dige dverage | Number | Irrigated areas

Unit off power | charge| amount of
motor of farmers | Tree= Vege« Total
water using plante- tables
pumped | the ations
daily water
hp | m3/h m3 feddang
El Qasr | No 1 Diegel 8 25 100 Experi-
” Wo 2 i 10 30 120 mental 5 5 10
i Ho 3 i 12 30 120 Farm
" Wo 4 w 10 30 120 8 30 20 50
Y Fo 5 " 10 30 120 9 20 40 60
" ¥o 6 " 10 30 120 21 20 33 .53
" No 7 " 10 30 120 8 - 35 35
" Ho 8 n 10 30 120 23 35 15 110
i o 9 t 8 20 80 6 6 24 30
1 To 10 " 6 15 60 7 i 10 11
Omda E1 | © 6 25 100 1 18 (5) 18
Ragr
Bagaush | Senussi " 6 15 15 1 16 o 16
Fuka, Vo 1 Blectri~ 5 ~
cal Bxperd -
" o 2 " 5 20 merital 38 2 40
Station
" Wo 3 w 5 20 100 Tuka
[} No 4 1 5 20
W No 5 i 5 20
i No 6 w 5 -
Burg el IHesel 22 25 150 Fxpor- 14 - 14
Arab mental
farm

Total 19 158 1 445 87 203 244 447




5:2.3. Distribution and utilization of groundwater

Areas dirrieated snd amount of water used

Water from wells equipped with windmills is generally used to irrigate
tree-plantations and some very small plots of vegetables. In the ocase of treem, the
waber is usuelly applied only during the dry season and meinly to young drecs. The
gmount of water per tree, applied at intervals of 15 - 20 days, seldom exceeds 40-50
litres per application. In %the case of vegetables, irrigation is spplied more
gystematically, and 100150 m3 of water per feddan are usually applicd at intervals of
J=6 daye.

Distribution systems

A pumple—gurvey was made of 60 wells in the projsct ares egulpped with windmills.

In 51 percent of the cases, water is distributed from the storase tank to The
trees by buckets carried by hand, in 32 percent of the cases there 1s 2 dlstribution
system consisting of earth ditchesy, and in 17 percent of the cases water is conveyed
4o the trees by combination of earth dltches and buckets.

Having to carry the water in buckets, sometimes for several hundred metres,
digoouraged the farmers from taking full advantage of the wells. Thus, in general,
the amount of waler used for irrigation is wuch lower than the potentiality of the well.
The total amount of irrigation water carried in buckebs hardly exceeds 60 m3 per well,
which is on average only 0.1 of its annual capacity.

On the other hand, the conveyance of the water in very small streams through
earth ditches results in considerable losges from evaporation and infiltration.
According to observations made on a farm in Burg el Arab, these losses amomnt %o 50
percent of all the water lifted. Hevertheless, bebter use of the well is made umder this
method of conveyance, since the amount of water 1ifted approaches its maximum capacity,
The farmer's choice of* ons of the above~mentioned systems depends mainly on the léwvel of
the water tank and on the fopography of the soil. Where water is sbored in excavatsd
tanks, no other sysbtem of disiribution is possible.

Water from galleries in the Qasr plain is conveyed +to the head of the irvigation
ares through fixed iron pilpes. It is then distribubted over the ares Yhrough sarth
ditohes,

530 Other walter resources

5« 30 la Iqj.l@ Wﬂ,tey

Mariout Extension Irrigation proisct

The Mariout Extension Irrigetion project lies within the projoecd
area, starting approximately 10 km west of the desert road Alexandria~Cairo and extend—
ing 55 km parallel to the coast 4o a point 20 kn west of Hammem. The gross areg of the
project is 30 000 feddans, and works have been completed on 18 D00 feddans.

The main objective of the project is to apply an intenseive agricultural plan
through irrigation,  The Wubaria canal (Nile water) and the Main Drain of the Behers
reglon are used as sources of waber, with a ratio of 6 parts of Nile water to 1 part
of drainage water. Four successive pumping atations 1ift the water 305 me to the
maximom height of the land under irrigation.

The main canal is 70 km long. Secondary canale have been construcited at a
dimtance beiween them of 2 km and tertiary canals at a distance between them of 150 m,
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With very few excveplionu all these are open earth canals, most of +hem being higher
than the surrounding natural land. The water is distributed in the network by manually
operated control structurca. A dense syetem of open earth drains, approximately 1 m B
deep, rung parallel 4o the canals. Drainage water flows away under gravity. ’

The dimensions of the plot units are 150 = 75 m, or 2.7 feddans.

Levelling has generally been applied, involving an average volume of 250 ml per
feddan of earth moved. '

Furrow irrigation is employed, the length of the furrows being 75 m and the
admitted mazimum longitudinal slope 0.5 percent. The depth of water applied per
irrigation varies from 60 to 100 mm, according to the crops.

The water requirements of the crops have been calculated at 6 000 md per feddan
yearly. The irrigation efficiency (ratio between amount of water appiied in the field
to the amount of water delivered at the head of the main canal) is expectsd to be 0.60.

Dabas irrigation project

The Dabaa irrigation project, the execution of which is still under siudy,
concerns ‘the reclamation through Nile water of an avea of 60 000 feddans located entirely
in the project ares and comprising the areaswest of Bl Alamein and Dabas. Water will be
taken from the main canal of the 210 000 feddans of the West Wubaria project, which is
gituated sast of Dabas and ig now under construction. The main canal of the Dabaa
project, which will be 80 km long, will start from pumping station Ho, 5 of the West
Hubaris project at a level of 50 m and end at a level of 40 me

The amount of water needed for the Dabas project is 1.8 million m3 daily or
21 m3/89 which corresponds Ho0 7.5 mm of depth of water daily.

5.3.2. Water pipeline

A pipeline is used for carrying fresh drinking water to Merma Matruh and to
the villages lying on the road between Alexendria and Mersa Matruh. It congistes of iron
pipes & inches in diameter, dates back to the second world war, and follows ihe
Alexandria=berss Matruh road forabout 3Q0km, supplying Nile water from the Nubgria canal.
Seven pumping stations, spaced at roughly regular intervals and sach of 40 hp, provide
the pregsure for conveying the water.

Water tanks varying from 400 ko 4 000 m3 in capacity have been consitructed by the
pumping stations to ensure the continuous supply of water in casme of damage o the
pipeline. :

The amount of water reaching Msrss Matruh throwgh the pipeline varies from 300 to 650 m3
daily. Fresh water is mized with the gallery water in a watio of 1:l do 14
(zcoording to the needs) and distributed by the fresh water system of Mersa Matruh. This
amount of water hardly suffices to cover the needs of the town during the off season.

In the summer time, with the great influx of touriaste from Calro and Alexandris, the
ghortage of water 1s great.

The pipeline and the pumplng stetioces are in a bad conditlon after go meny years
of continuous operation. & programme of renewal was staried in 1967 and part of the

pipeline near Mersa Matruhwes replacedby asbestos pipes of the seme dlameber.

The water supply of Mersa Matruh is a very serious problem; the solution of which,
while outszide the acope of +this project, demands special studies and considerable
capital invesinent. . ‘
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6 The Avallable Water and the Scops for Developmend

6.1ls Burface wnter

60‘101& The runoff of wadle

Aocording to the rough estimate  glven in Teble 32, the avallable
annual runoff (frequency 0@65§ of the 123 wadle in the project ares having calbcohment
areas of more than 10 ka2, is 6 874 000 m3. With the snnual runoff of the 95 remsiniag
wadls (catchment area less than 10 km2), total annual runoff amounts to 7 500 000 mle

If a frequency of 0.50 (aver&g%) is taken into considersilon, the sstimeted avellable
apnual runoff is 11 000 000 m3. .

Most of this water ls lost do the sea because of the lack of retaining and
spreading works. It 1w estimated that only 20 percent of the total available runoff is
profitably used for improving the water conditions of the cultivated lands, elther by
natural spreading on the depressions and the plains or by the few sxisting terracing
works and diversion dykes.

b wadl runoff is the maln water resource of the reglon, iLie profitable uss i
basic for the area's walter development. It may be ublilised in the following wayes

Storare by rebentlion dams

Btorage by retention dams ls an attravtive method, since the sitored watey can be
usged both for supplying the villages with drinking waler and for lrrigating vegetebles
and tree plantations during the summer period. However, the following requlrements
must be mebie

(a) the topography of the siream valley must provide a feasible dam and
regervoly site with adequate sltorage capacliyy

(b) there must be certainty that the reservoir will be filled each years

(c) the geological conditions of the dam and reservoir site must be such
that the stabllity of the dam and the water tighitness of +the regervoly
are assured,

Although, from the topographical point of view, there are some very suliable
sites Tor the construction of redentlon dams, the hydrologleal and geological conditions
are in generaly unfavourable. In fact, according to hydrologloal studies carried out
under the project, the total annual runoff {(frequency 0.65) of Wadi Ramla, which im one
of the most important wadls of the region, is not more than 275 000 m3. Aoy at
least one drought year is to be expscted every ten years. Thus 1t cannot be guareri
feed that the necessary amount of water can be stored in the vetention dam sach year.

A retontion dem with interannual regulstion or conneoted 4o neighbouring wadlm %o
increase the amount of annual runoff sitored might be o solubion, but the comd of the
dam would be considerably increased. Un the other hand; an electrical resistlviiy
gurvey carried out al Wadi el Kharruba by the geophysical section of the Dosert
Institute in 1957 1/ proved the abeence of a continuous layer of impermeable matsrial
which would prevent the retained water from leaking away.

There are other adverse Tactors for the construction of retention dams that
should zlao be taken into consideration. They arei-

(a) the high rate of evaporation ( 1 500 m per year on average). Thin would
diminish the eofficiency of the dam, sspocially Lf thers were intorannusl
regulation)

i/ G, B, Ghagari&n "Iinal Report on the FElectrical Resdstivity survey carried out
at ¥Wadi El Kharruba" Harch 1957, Scientific papers of the Demert Inoctitute ¥No,l0,
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(b) the high sedimentation yield of the watersheds due to the high degré@

of erodibility of the soils. This reduces the storage capacity of
the resecrvolrs

(c) peak discharges necegsitating the consiruction of very cogtbly emergency
spillways.

Congequently it is conecluded $hat the consiruction of retention dams for the
utilization of wadi runoff is of doubtful feasibility. However, owing to the
scarcity of fresh water in the region, further investigation of the possibility of
congtructing a retention dam on Wadi Ramla is worthwhile. Wot only is this the most
favoarable case, but 1t would help solve the waier supply problem of Mersa Mairuh.

Storace in gritificial reservoirs

Wadi runoff could be stored in arbificisl reservoirs (weter tanks), mainly for
drinking purposes. Obviously these resmervoirs should be covered by concrete slabs to
avoid evaporation and pollution, and their cogt would be very high. The cost of an
artificlal reservoir is estimated at approzimately £B 10 per nl) of storage capacity,
which implies an annuval asmortization cost (&morﬁization in 30 years with an interest of
5 percent) of &F 0,650 per cubic metre of water. When the cost of maintenance, pumping
and transportation of water is added, the total cost will certalnly be prohibitive.

This solution can bs considered only in exceptlonal cases for drinking purposes,; e.g.
for four artificial reservoirs of a total capacity of 500 m3 which have been congtructed
recently by BEGDDO at EL Sallum to provide the village with drinking water. They
are supposed to be filled by the runoff of a small wadl near the village, and they cost
L8 & 000y i.e. £8 12 per m3 of sitorage capacity.

Hinter watering of agricultural lands

Winter watering is indubitably the most economical way of wbiliszing the rumoffl,
and can be done by flooding, by spreading, or by terracing the gently-sloping areas of
deep solls for the flash floods of wadls, The water is retained by the soll and
rendered to the plants according to their needs. After saturating the root zone, some
of the water may penetrate the deeper layers and recharge the underground aquifer.
Plante with deep root aysiems, such as olive trees, vineyards slto. can also itake more
advantage of the stored water. )

The design of winter wabering projects for the reglon should be bamed on the
following general principles: .

(&) Since winter watering cannot give the same vesults as real summer irrigation,
the cost of the works should be kept low, expensive lining of canals or
levelling of the land being excludedy

(b) since the runoff of the wadis is limited in relation %o the area sultable
for cultivation, a good distribution sysitem by which uniform spreading of
the water can be obbtained is essentials

(¢) since the time of wadi flows cennot be predicted and their duration is
generally very short, automatic systems of water disiribution not needing
any human intervention are reguired,

Methods of winter watering

There are several methods of winter watering, which depend on the watio of the
sproading ares o the amount of runoff available and to the local soil and topographical
conditions. The three methods desoribed below were studied under the project and [lve
detailed mchemes for immediamte implementation wers prepared.
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(&) Winter waterins by flooding

This method is suggested for gently-sloping arveas which sre froe from gullies
or depressions, and when the runofl of the wadl ls welabively important. The water is
directed by canals to the beneficiary area, which im divided into small basinp by dykes.
The layout and construction of the basine are such thet the entire beneficlary area is
submerged. After filling one basin, water passes to the next through pipes or
splllvays. Frampler of this method of winter watering by flooding are the Wadi Maguid
and the Wadi Enthely schemes.

(b) Winter watering by spreading

This method is sugpested for the more sloping areas and when runoff is not
gufficient to submerge the whole benelficiary ares. Spreading ie based on the
congtruction of two series of dykesg, one meries rumning from left %o right, and the
other from right to left, across the area and down the slope, the dykes being set at a
small angle to the contour. After flowing down and across the slope in shallow
gtreans along the length of a dyke of one smeries, the waber flows round the end of 4t
and is plcked wp by & dyke of the second series, which condusts it further down the
slope and across it in the opposite direction. In this way the availlable punoff is
accumulated in narrow girips upstream from the dykeswhichcanbe planted width treen or
vegetables, The angle to the contour of the dykes is such that the velocity of the
water, even in the case of maximunm discharge, is keplt low, thus avoiding erosion. An
exanple of this method is the Vedi Wakal schene.

(o) Winter watering by terracing

In the case of wide wadis with even bank-slopes bub having land downstrean
unsultable for cultivation, terracing cen be done, a seriss of parallel dykes soross
the channel and along the contour being constructed. Thie technique is not new in the
project area and there are many successful examples of terraces in the channels of wadis,
bullt by the farmers and planted with olive treeg.

After filling one terrace the runoff flows to the next through provided side~
openings. A gradual silting of the ferraces with fine materials can be expected, and
the side-openings must be so designed that all the excess water may vass through,
rother than flow over the earth dykes, The Wadi Abouboubarak scheme ig an example of
winter watering by tervacing.

Poseibilities of winter wetering in the project arsa.

The above briefly described methods of winter watering can be widely applied in
the area, ag Tollowgi-

~ The flooding method on the plains of El Qasz, Sulniyyat (Abu-Laho), Bagqush,
Garawla and several other smaller plains between Bl Negeila and MersawoleAsi.

- The spreading method on several gently sloping areas all along the North Western
Constal Reglon and pariticularly ip the areas of Ghot-Rabah, Garawla, Aboulsho, Bl
Negeila, the ares between Bagqush and Ras sl Hekma, and the westorn part of Puka.

_ « The ﬁerrami@g method on all wadis which do not peter out on the culﬁivabla
land, i.e. on several wadis in the area between S1di Barvani and Merso-el-fsi,

Table 39 pives the vroughly estimated total area on which winter watering can be
applied, ‘
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Table 39

ESTIMATED AREA OF POSSEBLE WINTER WATERING IN THE
NORTH WESTERN COLSTAL REGTON

Type of Bepeficiary areas Average snnual runoff used
Winter Watering
Grogg Het Total ‘ per net Ffeddan
faddens feddans m3 m3 ‘
Flooding ; T Q00 6 000 6 000 000 1 000
Spreading 8 000 3 000 1 500 000 500
Terracing 1 500 1 000 2 000 000 2 000
TOTAL 16 500 10 000 9 500 000 950

Rechareine of aouifers

Artificial recharge of aguifers may be used successfully where the groundwater
gupplies are being depleted by increasing pumpage, as is the case in all the aguifers of
the North Western Coastal Reglon. The value of this practice depends on the avallge
bility of runoff and the permeabllity of the moil over which the water will be spread.
The basin method of artificlisl wecharge of aquifers appears 4o be most promising. it
consists of impounding the water diverited from the wadis in a series of basine formed
by dykes or banks built on the contour, The layout and construction of the basine ave
guch that the entire spreading area iz submerged. The main problem of the method is
the decrease of the percolation rate during the 1ife of the basin, since water contaln-
ing silt or other fine materiasls causes segling of the surface of the spreading area.
Speclal treatment of the land surface may improve its ability to absoxb at good rates
for long periods.

Az there is no constant annual surpliusg of runoff in the region which can be used
exclusgively for recharging aguifers, the recharging has to be part of the winter
wntering. In the dry years, the limited amount of runoff will be enough for humecta-
tion of the superficial layers of soil and will be used directly and more profitably by
the plants. In the years of heavier rainfall, the water, after sabturation of the
superficial layers of soil, will penetrate to the deeper layers and recharge the
aqulfers. Thue winter watering will,at the same time, recharge the aquifers.

Gal oo §geét runeff

Sheet runoff is the surface runoff that flows over the land. Ttaanount
depends on several factors such as rainfall intensity, seasonal occcurrence of precipi-
tation,; vegetal cover, land scope and goil type. For small basing, the offect of storm
rainfall intensity is more influential in precipitation-sheet runoff relationship than
the annual precipitation totals alone.

Measurements of shest runoff begun in Pebruary 1968 in the Fuka region did not
lend to any result because no esignificent rainfall occourred there after Februnry. Thus
only a very rough estimoite of the surface runoff coefficient could be made, bnasod on
some general observations in the fleld. For short courses of water flow (50100 m),
tho annual sheet runoff coefficient (relationship between annual rainfall and anmnual
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run@ff} is estimeted to vary Lfrom 0.15 to 0.35, depending mainly on the slope of the
land, its treatment and the type of soil. For longer courses of water flow, the

sheedt runoff coefficient must be lower, 0.05 Ho 0.10. The sheet rumoff 4s the .only
surface water resource in the cullivated area upsitream from the escarpment of the platean
and in & large area between Ram el Hekma and Burg el Arab, where there is no svidence

of a hydrographlc nebwork.

Sheet runoff in the yroject arca can be ubilized either through the construction
of water consecvablon works for its immediate use or by first storing it dn the existing
alaterns,

Water conservaltion works for immediste water use.

Water conservation works for immediate use of sheet rumoff can be utilized in a
vory large scale dn the North Western Coszsital Region, where more efficacious methods
of water improvement are not possible.

The main aim of such works is to conduct the sheet runoff on to restricted
areas of good soil. By reducing the ares which receives the sheet runoff, the amount
of water glven per surface wunit ls dncreased. Besides inproving the water conditions
of the lend, the water conservalion works provide effective erosion contzol,

In areas of wniform slope, water conservation works consiet of dykes consiructed
parallel to the contour lines, the culsivation of winter orops being restricted to
narrow gtrips upstream sach dyke, where an accumulation of the sheet runoff will ocour.
The ratio between non cultivated and culiivated area can be 331 or higher. The depth
of water that will be received by the cultivated strips is H = h + (Rh, where h ia the
srual depth of rainfell, € is the annual sheet runoff coefficient and R is +the ratio
betwsen non cultivated and cultivated areas. Considering C = 0.25 and R = 3, +the depth
of water that will be received by ths culiivated sirips will be H = 1.75 he

The two demomstration projecis in Negella, one of which is being implemented,
are sxamples of this method of wiilizing sheet rumoffl, Sheet runoff accumulates
naturally on the flat lovest-lying land of depressions in the project ares, and dhere
farmers have cultivated barley for centuries. But owing 4o the small catchment ares
of the depressions, the barley fields receive a very limited amount of water and only
once every four or five years ie there a satisfactory yield of barley. Also, a
progressive degradation of the soils dakes place, due to the concentration of salts on
the surface of the flat lands; as the soil survey of the ares hag shown. In such
cased, the alm of water conssrvation works is o accumulate sheet runoff on the sdge of
the depressions by means of peripheral dykes. The surface water development microe
project of Fuka and most of the Fuka water development plan are bamed on this principle.

Water conservation worke for sheet runoff ubilization can be applisd progresgs-
ively %o a large part of the sgricultural land of the region, i.s. in a prose ares of
at least 120 000 feddans. It must be emphasimed that such works do not only iuprove
the water conditions of the lands, but also give the soils effective proteciion apainat
eroglons which seriously menaces the cultivated arveas of the region.

Storare of sheet runoff in clisterns

Bheet runoff in the region can be stored in the numerous cisterns once they
have been cleared and repairsd. The stored water can bs usod for human and animal
consumption and, in some caves, for establishing tree plantations, the younpg trees
being given small amounts of water during the dry season.

The catchment area of sach sictern should be large anough to provide 1% with
the needed amount of sheed runoff, e.g. for a cistern of a storags capacity ol
1 000 m3 the catchment area should be at least 0.5 k2 (120 feddans) 4o fill the cistern
anoh year,
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Some small earth works (small dykes or ditches) are sometimes necessary to lead
the sheet runolf into the cisterns. o

According to information given by BGDDO, the cost of dleaning and repairing bhe
cisterns is R 0. 70 per m3 of storage capacity. On this basis, and on the basis of the
amortization and maintenance costs, and since the effective storage capacity of
claterns im 7O percent of thelr total capacity on average, it is estimnted that the
avaerage cost of water will not exceed £F 0,100 per m3. This is thought to be the
lovest cost obtalnable at present in the Norith Western Coastal Region for stored
water. It is therefore recommended that the needed nunmber of cisterns be restored
ag soon as possible to ensure sufficient drinking water Tor the humon and animal
population and occcasional lrvigation to young treess, to keep them alive during the dry
260801 The total number of cisterns in the region im believed to be some 2 500.
Hence 1% may be assumed that, with an average effectlive storage capacity of 400 m3
per cigtern, the amount of water that can be agsuved yearly, after all the existing
cisterns are cleaned, is 1 Q00 000 m3.

6e20 Btaff requirements snd training

A permanent staff for the investigation and evaluation of groundwater
resources should be maintained with headguarters in Merse Matruh. Thisg staff should
include ag g minimum a seniorn engineer, geologist and chemist; one of whom lg
designated as Chief of the Section. The Chief should have the responsibility for
planning(in cooperation with his ﬁupervisor@) and. implementing a programme for the
syatematic collection of basic water resources data, conducting investigations in
salected areas, and performing research on specific problems related 0 the cocurrence
and development of groundwater. The three senior growndwater specialists should be
gupported by other well trained professionale as requived Ho properly undertake the
planned investigations. A sufficient number of technicians and labourers are
essential to carry out routine date collection, laboratory tests, fleld surveying and
other supporting services.

A number of well-trained groundwater enginreers, geologisis and chemlpts are
available on $the staff of EGDDO, These men should be utilized in directing the work
in the coastal zone and in training younger perscpnel in the proper field, laboratory,
and office techniques. A number of the senior staff have been trained abroad and this
training should condinue whenever the cpporiunities are available, However, 1t is
more important to have a properly developed, continuing, on-the-job training programme
for younger professional and technical personnel. Only in thie way can the experience
and training of those best gualified be transferved to a sufficient number of personnel
%0 cope with the problems in the coastal zone.

Perio&ically, a consultant from outside the UsA.R. should inspect the wouk
plans, programmes and training to give advice as %o where additional emphasis should
ba concentrated,
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Chapter - 5

CONCLUSIONS AND RECOMMENDATIONE

1o Topography and Ueology

The Northwestern Cosstal Region as defined in this report extends from aboul
35 kilometres west of Alexandria to the Libyan border, a distance of about 480
kilomeires. The ares is bounded on the north by the Mediterranean Sea and on the
gouth by the Libyan Plateau and varies in wldth from 5 to 40 kilometres.

Aotive mand dunes occur more or less continuously along the coast. Inland
from the active dunee there is generally a nerrow, flat, interdunal plein succeeded
by one or more older consolidated dune ridges assoclated with ancient shorelines,
South of the consolidated ridges there im an alluvial plain which slopes gradually
upward to the Libyan Plateau. In some areas a pronounced escarpment occurs betwesn
the plain and the plateau and in other aress the transition is gradusl. The plateau
is generally flat but slopes upward to the south. In addition to the main fopographlo
features there are areas of irregular relief forming hills and depressions of
different orientation. The western half of the cosstal zone is dissected by numerous
wadis which generally are oriented south-north.

Rocks exposed at the surface in the coastal zone range in age from recent
gediments along the coast to Miocens limestones in the sscarpment and on the plateau.
Recent and Pleistocene sediments consist primarily of windblown sand and silt and
of alluvian material eroded, transported, and deposited by surface water. The active
soastal dunss are generally lcose to semi-consolidated limestone grains. Saline
clays and silts are ofien deposited by temporary lakes which form behind the dunss
or consolidated ridges after heavy reins. Where these deposits are significantly
above ses level, the salte have been leached leaving good soils. The Plelstocens
congolidated ridges consist of wind deposited limestons grains which are similar to,
but more consolidated than, the active coastal dunes. South of the consolidated
ridges the Pliocene and Wiocene rocks outcrop, They consist chiefly of interbedded
limestones, marls, and oclay with some sandstone and shale. The geology of the area
is sghown in Map 1.

The rocks in the coastal zone strike in s general east-west direction and dip
gently to the norih except where they have been distributed by structural sctiviiy.

2o Climate

The climate of the zone is characterized by a low average rainfall of at best
150 mm per annum on the coast and rapidly decreasing inland. Most of the rain falls
in autumn and winter, with about TO percemt of it in the period December-Pebruary.
¥o rein fmlls in sumner. The wvariability of the rainfall from year to year is high,
although somewhat lower than in most similar areas. Summers are moderately hot
{mean maximum for July 29°C), while winters are relatively mild (mean minimum for
Januery 9 C). PFrosts never occur along the coast. The region has a high relative
duretion of sunshine {80 percent for the whole year) end is subject to high potential
svaporation (1 500 mm por annum). While the elimate of the region may be classified
a8 arid, messured by the low rainfall and the high radiation, the harsh conditions
are somewhat tempersd by the maritime influence, which acts favourably on the air
molsture and temperature.
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3 Soilse
(Good deep soils that are not saline are found only in emall scattered plote
in a narrow strip along the Mediterranean Hes. In the surroundings of Dabe and

Merss Matruh such soile sometimes cover a sufficient area to make an organized, wide
scale plan for developmeni worthwile.

The areas with shallow soils —~ mainly found on the Miccene Plateay - are
sultable for barley cultivation. To improve production, the construction of low
dykes for water conservation is recommended.

Most of the project area is rockland amitable§anly for grazing.

Betwesn Bl Alamein and Dabaa and south-west of Sidi Barrani, at soms 3 4o 5 km
from the cosst, vast dune areas are found. These soils are not suitable for
agriculture, but in most areas they carry a natural vegetation with high fodder wvalue,

Speciel attention should be paid in the whole coastal zone %o soll conservation.
Very, large amounts of soils are lost through erosion by wind or water. . Blg aress, in
the plains as well a&s on the plateau, that are covered with a thick layer of fertile
goll, have in the course of centuries changed into barren land with rock at or close
to the surface., Thig process ls continuing. Soil conservaetion is therefore an
urgent necessity in the whole area.

Further soil studlies are necessary because the only semi-detailed and
reconnalssance soll survey work was done under the project. The studies should be
carried out in close cooperation with the Desert Ianstitute, since thie Institute
has a team of seientifically frained soil surveyors.,

The studlies and methods recommended are :
1o Resmearch on soil fertility with s view to providing advice on fertilization.

2. Research on the available moisture of the different soile for the purpose
of growing the vright crop on the right msoil.

3, Research on the infiliration rate of the different solls to determine
the most economic distribution of the limited amount of water avallable.

4o Research on the influence .of caliche horizons on the growth and produstion
of crops (especially desp-rooted cr0ps).

5. Detailed soil surveys of Fb« areas chosen for further development.

6. The use of aerial photographs and mosaics,hs the only way‘to conduct soll
" purveys in desert areas.

7. The study of the geomorphologic pattern of the land and the use of photo-
interpretation methods to save time and improve the avcuracy of the
location of the different solls.

8, The granting of fellowships in soil survey, rather than soll chemistry
and physice, to Egyptian gradvates and post-graduates doing soll survey
work,



4o Water Resources

1.  Freeh groundwater occurs in the coastal zone under the following
conditions: in coastal dunesi in the main watber table, and where geologle structure
and stratigraphy has formed small synclinal basine which permit the sccumulation of
fresh water above sea level (as at Puka).

2, Oroundwater in the region sccurs in the primary openings of the dune
deposite, alluvial materisl and older limestons and in secondery solutlion openings
in the limestone and consolidated dune deposits. Learger ylelds of water will be
obtained where primary porosity is supplemented by solution development.

3o With proper development and management, greater gquantitlies of grouﬁ&m
water can be exiracted from the various sources than are being extracted at present.

4, Oroundwater in the coastal dunes, alluviel areas, and limestone ridges
vhere the saturated thickness of fresh water is 3 m or less can be effectively
developed from properly spaced wellm or gelleries gewnsrally parallel to the coastd.
These wells and galleries would enable the capture of fresh water now being lomt 4o
the sen. Development must be carried out by cavefully planned management aysteng,
which include closs monitoring of water levels, water quality and punpage.

5 Bea water intruslon into fresh water zones caused by sexcessive withdrawals
has not taken place and the upcoming of salt water into wells or galleries is moderate
and localized.

6, During periods of rainfall, weter collects in the dresinage basine and
discharges through the wadis to the lagoonal and sali marsh sress and to the ses.
Under the present hydrologle regimen only a small part of this runoff percolates Ho
the water table and recharges the groundwater reservolrs,

7. In general, the salinity of groundwater increases with depth. Teastd
drilling indicates fhat the deeper aquifer containe brackish to very saline waber
axceph: )

a) In the southern part of the Qusr pilol eres, where wells 60 m desp
penetrate 15 m of relatively fresh water.

b) Where several wells drilled along the southern margin of the projeoct
ares pensirated water in the Miocens limestone containing % 000 4o
10 000 ppm chlorides. Thie is & very productive aguifer that could be
considersd 1f desalinization becomss practical in the future.

3o Geophysical studies, though helpful, are inconclusive at the time of
this writing and must be supported by test drilling before the method can be used
effectively for delineating water supplies in the ares.

9. Photogeologic work supported by field checking should bs carried out to
delineste geologlc structural patiterns, particularly Joint systems. Aveasm of
concentrated joints should then be drilled to determine if the photogsologio method
can be used as a short cut to define areas of fresh water scoumulstion.

10, Systematic collection of climatic, hydrologic and gecchemical date
should continue to snable re-evaluation of quantitative results at the end of n
five~year period of record.



103

Chapter g

RECOMMENDATIONS FOR PURTHER INVESTICATIONS

Lo Glimate

The inland meteorological stations should be kepﬁ in activity for the establishment
of correlations between rainfall In the catchment areas and wadi flows. A sufficlent
number of stations now exists.

2. Soils

The study on soils carried out under this project was limited to the preparation of
maps on which different kinds of soil are indicated. The compllation of the moll
potentiality maps required consliderable reliance upon judgment and experience since there
was very little data available from experiment and atudy. Important characteristics and
properties of the soils distinguished could not be determined, because the counterpart
organisation did not possess the necessary eguipment and often thers was no time,

The soll maps presented in theme reports can therefore only be considered as an inventory
of the available soil potential in the region. For its preparation of detailed
development plans, it will be necessary toie

(&) prepare detailed soil maps and potentiality maps of the areas chosen for
development §

{B) collect damta on the infiltrafion rate of soils. These data are needed for
proper distribution of the limited amount of water that is available in most
areas, The infiltration rate should be determined in the field on sites with
undisturbed sollsg

{¢) collect dabta about the water holding capacity of solls, i.e., the moisture
content between wilting point and saturation point. These data are nsedsd for
drawing wp crop petterns and should be determined in umndisturbed ring sampless

(a) study the soil fertility with a view to improvement of the soil fertility for
ppecific cropsj

(e) s=tudy the influence of oaliche horizons on the roobing posslibilities of orops.
Indurated ealiche horizons limit the depth of rooting, but the effect of weakly
developed and soft ocaliche is less definite.

{f} study the special methods of agriculbure carried out in the past. The remnants
of thousands of ancient agriculture fields scattered over tha whole region show
that the mres wam rather densely inhabited in the past and that agriculture was
carried out by using special methodas,
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2. Watepr Resources

3.1 BSurfage water

Purther work and investigatlion should conslet o0fge

{a) Continuation of the hydroiogical invesiigations in the selacied repressniative
wadis to determine with a certain accurcy the rainfall-prunoff correlation and Ho
sgtablish the annual runoff frequency curves. Measurements of the rainfall and
runoff should be continued for a period of at least five years.

{b) Determination of the rainfallesheet runoff correlation and esbablishment of the
annual sheet runoff frequency curves undsr different physical soll conditions
(parmeabilityw slope, traitment, sic,). A number of cisterns mshould be melavted
for measurement of the rainfall and fluctuation of the water stored, following
determination of the catchment area of the sistern,

(0) Implementation of one of sach type of surface waterdevelopment projects. Study
of the effect of the suggested winter watering and water conservation works on
the improvement of the water conditions of the soil (determination of the soil
humidity in different depths during a period of 2-3 years with parallel
observations on the yisld of the crops).

{(d) Elaboration of a general plan of surface water development covering the whole
Region, Selection on the basis of this plan of some pilet areas and the
elaboration of detailed siundies of water development in them,

(e) Preliminary study of the possibility of establishing a retention dam in Wadi
Ramla for supplying the %own of Mersa Matruh and for irrigation purposes. The mtudy
should inolude hydrological and geological inwvestigations,

() study of the feasibility of establishing dessalinization plants to provide the
towns and villeges wlih drinking walter and eventually to provide lrrigation watsr,
Particnlar emphasis should be givan3to the feasibility of o dessalinization
plant of a daily capacity of 1000 m” in the town of Mersa Matruh,

3+2 Qroundwater
The following activities are recommended for fubure groundwater studiesge

{a) Continue data collection programme implemented during the project. This
programne includes the pericdic collection, analysie and tabulation of water
lovels and water gquality data at aboul 60 points.

(b) Supplement quantitative tests made during the project with additional tests and
re—gvaluate all quantitative situdles, utilizing the additional baslic data
collected since the original tests.

(¢) Begin detailed waier resources studies in arveas other than those melected under
the project,

() Implement a full-scale groundwater development programme in at least one area,
© w8 recommended in other sechbions of this report.

(@) Delineate in detail all coastal sand dune areas not bordered by salt marches oy
breached. Ewvaluate the vcourrenca of fresh ground water in sand dunes, definir-
parameters for full scale development and managemant,
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(£} Investigate areams whers fresh groundweter is substsntially above sea levelj
for example, at Qataf-Jabal.

{g) Continue with a more detalled invesgigation of the groundwater possibilities
southweet of 5idi Barrani.

(h) Develop or reclaim additional cisterns in the Pleistoocene consolidated dune
ridges and other favoursble areas,
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Appendix 1

S0ILS: WORKING METHODS AND TERMINOLOGY AND ABBREVIATIONS

Working methods

The use of aeriasl photographs and aerial photo~mosaics

Aerial photographs and specially aerisl photo-mosaiés are an indispensaeble tool for
doing field work in and preparing maps of scarsely populated desert areas like the North
Western Coastal Region of Bgypt. Without them it would have been impossible to produce
maps with even one-tenth of the detail or acouracy of the meps presented with this report.

In a gemi~detailed survey, and especially in & reconnasissance survey, it is essential
to have an understanding of the geomorphology of ihe area, 1.8, the system of soil
formation, sedimentation, erosion, etoc, Only if the soil surveyor understands the
regional dlstribution of ithe different soil materials, will he be able to map them
intelligently, i.e. to draw the boundaries between the differesnces in soils correctly.
Only then will he be able to set up a proper wap legend in which not only the depth and
the mechanical composition of the solls are represenited, bhut also a correlation shown
with other soil characierisiics, such as salinity, CaCO3y content, water holding capacity,
water intake rate, topography, etoc,

For this reason it is highly recomaended that some of the Egypitian engineeers whose

job it is to prepare soil maps, should be granted a fellowship in soil survey and/@m
aariel photo interpretation.

Aerial photo interpretation

Aerial photegraphs, scale 1:25 000, were studied under the sterecscope, and by
interpretation preliminary soil boundaries, topographic features, etc, were drafted in
different colours on the photographs., These data were transferred to controlled
photo-mosaics scale 1:10 000 (the only ones available) of good quality.

Field work

The photo mosaics were used in the field as field maps, The preliminary soil
boundaries obtained by photo interpretation were checked and when necessary corrected,
foll samples were collected for further analysis and sent %o the laboratory.

Drafting

After finishing the field work the photo-mosaics were finalized, sometimes after a
further study of the pertinent eserial photographs under the stereoscope and prepared with
final symbols, names, etc. The boundaries, etc. on the photo-mosaics were reduced by
pantograph to scale 1:25 000 for the pilot areas and to 1:100 000 for the reconnalssance
BUTVEY o For this work three or four mosaics were assembled as one block and then raduced,
Several reductions were brought together to form one map. Finally the maps were provided
with the legend, helioprinted and coloured., A s80il map and a soil potentiality map wae
prepared for every area.
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Laboratory work

A1l soil samples were analysed in the leboratory of BGODO in Caire. The following
methods were used in determining the different moil properties.

Physical Analysls

Debermination of Saturation Percentagze (8,P.)

1) Weighing a certain amount of air—dried soil.

2) Saturate this amount with distilled water and measuring the volume of weter added
for saturation.

3} 8,P, (Volume of water added + moisture) x 100
Oven dried moil

4) TPield capascity = approximately & S.P.

Pormeability Determination

Meaguring the volume of water which passes fthrough a certain size of disturbed soil
in a certain time,

Caloulations:

Permeability (cm3/hour) = Yolume of water x hydraulic head =z
Time x hydraulic head + depth of moil

I
Area of the cylinder section

Mechanical determinations

Hydrometer method: using modium hexemetaphosphate 5 percent asa dispersionsolution. The
first reading after 40 seconds to determine olay and ®ilt, The second reading after one
hour to determine clay., These readings shonld be corrected to be under optimum

temperature (20°C). The U,S. salinity laboratory tables were used to determine the
texture,

Caleium carbonate percentage determination

Using calcimeter apparatus. Adding the suitable amount of hydrolic aocid (1:3) on a
osrfain weight of soll sample., Measuring the volume of CO0p, under a certain atmospherioc
pressure and temperature, and then calculating the caloium carbonate contents percentagoe.

Chemical Analysis

Salinity

Determination of the total solubls salts, using solu-bridge conductivity appar&tua,3
by measuring the electrical conductivity of the soil saturation axtract, in millimhoa/cm M



Cations determinatlions

Calelum and Magnesium

1) By Versinate titration, using ammonium hydroxide and ammonium chloride (es a buffer
golution), and erio~chrome black T. (as indicator).

2) By Versinato titration using NaOH, ss a buffer solution, and ammonium purpurate as
indicator.

Sodium and Potassium

Direct reading by Flame Photometer apparatus,

Anions determinations

Chlorlde

By titration with silver nitrate 0,005 N., using Potassiwn chromsbe’ percent solution as
indicator,

Carbonate and Bicarbonate

By titration with sulfuric acid (0.01.N), using phenolphthalein indicator for CO3,
and methyl orange for HCO3,

Toerminology and abbreviations

The terminology used in the legend, the soil descriptions and the tables im in general
in accordance with thet recommended for international use in the "Soil Burvey Henual®
{Hend Book No. 18, US Dept. of Agrics Je With respect to the depth of molls, minox
changes have been introduced.

J = Soil depth

Very shallow lese than ca 30 om
Limited deep 30 = 60 om
Moderately deep 60 = GO om
Deep More than 90 om,

This nomenclature is not completely in accordance with the American olassification but
i@ adepted to the classification generally used by BGDDO in the reglon. It should be
noticed that the nomenclature describes the thickness of a certain soll hordzon, Layer or
solum, not only over rock but also over any other soil material that limite the rootlng
possibilities of plants (i.e. a caliche horizon).

2 « Mechanical composition

Bvery soil is composed of particles of different size; +they ave called poil
geparates.
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The following size limits of the wvarious soll separates can be distinguishedi~

Name Abbreviation Size limite
{mm dia)
Gravel Coarse gravel CofT Bigger than 40
fine gravel fogr 4 to 40
grit gt 2 to 4
Coarse Extremely coarse sand 8oCoBo 2 to 1
Sand very coarse sand v GoBe 1 to 0,40
madium coarse sand MaloBo 0.40 %o 0,20
Fine medium fine sand mefo8o 0,20 to 0,15
Band very fine sand Vol oBo 0,15 to 0,10
exbtremely fine sand Boflobo 0,10 to 0,05
841% coarse sBilt Co81 0.05 to 0,02
fine silt fo8i 0.02 %o 0,002
Clay olay o smaller than
0.002

Note: The different separstes of analysed soil samples of this project were
determined without removing the CaC0y.  Removal of Ca003 before determining the
geparates will probably resuli in less olay, less 8ilt and more sand,

The texture of a so0il is defined by the distribulionor retic of the different
peparates, Many soil properties (e.g. water holding capacity, permeability) are
often correlated with the texture and therefore it is one of the most important
characteristics of a profile,

The texturs classificaltion and nomenclature are derived from the American texture

triangle, based @ng?ha percentage of clay {smaller than 0,002 mm), silt (0,002 %o
0,05 mm) and sand 0405 mm o ?Se@ Fig. 1 of this appendix).
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Appendix 1

FIGURE 1

UL 8, Department of Agriculture, Bureau of Plant Industry, Soils, and Agricultural Engineering
GUIDE FOR TEXTURAL CLASSIFICATION
May 1, 1950
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A subdivision of the names used in thie classification is made with respect to 1ho
gize of the sand wherc this is 50 percent or more of the soil material,

Bagic textural clasmg Subdivision General terms
Sand (8) Coarse sand Coarse textured sandy
fine smand soll soll
Loamy sand {1s) loamy coarse sand
loamy fine sand
Sandy loam (s1) coarse sandy loam moderately coarse
fine sandy loam teoxtured soll
Loam (1) - medium textured Loamy
811t loam (si1) - sodl soil
8ilt (s1) -
Glay loam {e1) - moderately fine
Sandy clay loam {sol) - textured soll
8ilty olay loam (micl) -
Sandy clay {sc) - fine textured clay
811ty clay {sic) - soll soll
Clay (e)
Heavy clay (he)

3} Lime content

A11 soils in the North Wemtern Coastal Region have a high percentage of GalOj
(more than 10 to 20 percent) and therefore no subdivision is introduced.

4) Salinity

Degrees of salinity are classified according to the followling criterias

Salinity class E,C. of thr%ct
mmhoe/cm (25 C)

Noet saline QO = 4

S51ightly saline 4 = 8

loderately saline 8 - 15

Saline and very saline above 15
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%) Boil permeability

Soil permeability was determined in disturbed samples in the laboratory and can
be classified by the following criteriat-

Classesn Rates in cm/hour
Slow

1 Very slow leas than 0.15

2) Slow 0,15 to 0.5
Moderate

3} Moderately slow 0,5 to 1.0

43\ Hoderate 1.0 t0 6,5

5} HModerately rapid 6.5 to 12.%
Rapid

63 Rapid 12,5 to 25

7) Very rapid over 25

6) Field capacity

Field capacity is the moisture content of a moil that, after complete maturation,
has been drained freely for some days, In the field this situation will be reached after
some days of excessive irrigation, The field capacity is a good approximation of the
upper limit of the amount of moisture that is present in a soil and that cen be oonsumed
by plants, The lower.limit of this amount is the wilting point. The difference between
field capacity and wilting point is the amount of water that is really available for a
GroPe It is therefore important ‘o know not only the field capacity of a soil, but alsc
the wilting point, especially as there iz gquite a variation from one soil to another,
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Appendiz 2

HYDROGRAPHICAL SURVEY

BASIC DATA OF WADIS
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Table 1

SALLUM - SIDI BARRANI

No. Name Catchment Area Average
of of Region | Total | Length Geology
Wadis | Wedi area Quaternary | Tertiary | Terbiary | SLOPe
Pliocene | Miocene
km® fem T2
1 Sallum 2.69 3.30 0.40 - 2.29
2 " 4,49 3¢5 0.49 o 4.00
3 Akrab " 35,35 7.9 - - 35.35 0.0056
4 u 0.70 1.4 - - 0. 70
5 Hageyat " 39,29 12.0 - - 39.29 0.0603
6 " 0.74 1.8 - o 0.74
7 " 0.54 1.5 - - 0.54
8 " 0.60 1.1 - - 0.60
9 " 37.05 | 13.0 - - 37.05 | 0.0086
10 i 1.08 2.2 0,48 - 0, 60
11 1 2.36 4.0 0.36 o 2,00
12 " 0.75 1.3 075 o 075
13 Abbas 1 26,19 14,5 - o 26,19 0.0523
14 " 1.77 2,8 0.50 - L.27
15 Haltaba " 19.41 14.0 - - 19.41 0.0011
16 " 0,86 1.8 - - 0.86
17 " 4.64 6.5 - - 4o64
18 " 3,50 7.0 - o 3.50
19 Shaaba " 10.84 12.2 - o 10,84 0,0480
20(1) " 26.47 | 14.5 1.47 - 25,00  |0.0227
21 " 1.72 3.7 0.5H2 - 1.20
22 " 15.32 14.6 - - 15.32 00,0011
23 B 6.67 3e5 1.67 - 5.00
24 1 12.79 15.2 - 1e6779 0.001¢
25 " 13.55 14.9 - - 13.55 0.0016
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Table 1 {(cont.)

No. Name Catchment Area Average
of of Region | Total | Length Geology alope
Wadis | Wadi ares Guaternary | Tertiary | Tartiavy
Plioccene | Miocene
km© kem km?
26 " 14.50 | 14.7 0450 - 14,00 0,0015
27 " 11.79 14.5 1.00 - 10.79 0,0019
28 Sallum | 29.99 1404 1,99 - 28,00 0.0019
29 " 35.57 14,0 1,00 - 34.57 0.0017
30 Sidi- 2.19 2.5 0,69 - 1e50
Barrani

31 " 25,50 14+5 1,50 - 24.00 00003
32 " 1.67 3.1 1,10 - 0. 57
33 " 1.62 3.0 0,81 - 0. 81
34 " 10.92 11.5 0.92 - 10,00 0.0752
35 " 1.67 2.3 0,40 - 1,27
36 g 177 1.9 0. 70 - 1,07
MY " 19,89 | 13.1 1,70 - 18,19 0.0380
38 " 635 13.5 0,80 - 5455
39 1/ " 17.31 | 14.3 2,00 - 15,31 0.0005
40 1/ g 19,29 | 14,3 1.29 - 18,00 0. 0540
4 n 17,01 | 15.6 1,01 - 16,00 0.0533
42 " 56,10 15.8 - - 56,10 0.0186
43 " 20,97 13.0 0.97 - 20,00 0.0008
44 " 13.40 10.7 0460 - 12,80 0.0134
45 i 10.74 | 9.6 0.74 - 10,00 0.0280
46 " 0,90 1.9 0,20 - 0.70
47 " 1.87 4.0 0.67 - 1,20
48 " 12,87 9.5 - - 12,87 0.0592
49 " 3.81 6.5 0,51 e 3430
50 " 16,54 9.7 1,00 - 15.54 0.0145
51 u 14,50 10,1 1,00 - 13,50 0,0238
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Table 1 (cont.)

Ho. Name Catchment Areg Avorage

of of Region Total | Length Geology slope

Hadie Wadi aren Quaternary |Tertiary Tertiary
Pliocene | Miocene

lom km km2
Sidie

52 Barrani T.64 10.0 0.64 - 7,00

53 " 6.75 10.0 - - 6,75

54 Kireize 1 T.49 9-5 - - 149

55 " 1.20 2.5 0.30 - 0.90

56 1/ " 1.65 2.0 0.30 . 1635

57 Rikeit " 36,24 10.0 1.24 - 35.00 0,0183

58 " 1.05% 2,0 v - 1.05

59 " 12.25 6.5 1.00 o 11.25 0.0122

60 1 2.35 6.0 0.35 - 2,00

61 " 2.15 5.8 0.30 - 1.85

62 " 3.09 6.0 0.60 o 2.49

63 " 3.19 6.1 v - 3.19

64 " 43.79 13.0 1.95 - 41.84 0.0051

65 1/ " 8.87 7.0 0.47 - 8,40

66 " 3.25 6.5 0.25 o 3,00

67 " 3.37 5.5 - - 3037

68 1/ " 137 2.0 037 - 1.00

69 " 5,85 5.0 - - 5,85

70 1" 6.00 54 - o 6.00

71 Arad " 11.45 6.7 - - 11.45 0.,0574

72 " Ts 50 6.0 1.75 - 575

73 Hamad " 17.87 8.0 2.45 o 15.42 0.0288

74 1/ " 3.25 3.6 1.25 - 2,00

75 L 6o 32 5.5 1.32 - 5.00

16 Faturi " 5. 62 50 1.22 - 4,40

77 Thimdn " 5,80 544 1.10 - 4770
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table 1 (cont.)

Catchment Aroa

Ave v

o, Uame
of of Repion Total | Length Geclopy slope
Wadls | HWadi areg Quatoernary | Tertliary | Tertliary
Pliocene | Mioccens
]
ng Jem km”
Sidi
78 Sabaya Barvani | 11.50 9,1 3. 80 o 770 0.0099
79 Hireipa " 18.62 1 11.0 4,02 - 14 60 0, 0101
80 Lgbda " 39.52 16.0 T+ 70 s 31,02 0. 0090
81 Khur 2/ " 239.25 1 33.0 89.25 - 150,00 0,005
82 Kharuba 1 82.060 18.5 42,60 = 40,00 0,0051
83 1 164,46 26,1 e o 164640 0.0064

S

Group of wadis

Sanab
Basbus
MHagran
Kabsgh
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Table 2

AREA BETWERN SIDI BARRANT AND MERSA ASI

HOw Hame Catohment Ares Average
of’ of Repgion Total | Length Geology slope
Yadis Wadi ares Quaternary | Tertiary | Tertiary
Pliccene |Hiocene
L:m2 Jem kn®
84 Bagt Sidi- | 12.29 Te3 = oo 12.29 0.0038
Barranid
85 B 3.54 465 - - 3454
g6 " 16.65 (Y - - 16465 0.0048
87 " 8.11 8.0 - - 8.11
88 1/ " 4.10 | 7.8 ~ - 4.10
89 1/ " 0.95 1.3 0.45 - 0+50
90 b 11.94 8.4 Cedd - 11.50 0.0067
91 " 13.21 8.5 1.21 o 12.00 0.0044
92 f 2. 77 6.0 077 - 2,00
3 " 10,13 8,1 0.53 - 9. 60 0.0053
94 b 6.72 8.4 0e42 - 6030
95 " 561 8.3 0,61 - 5,00
96 i 3.88 8.5 0.48 - 3,40
97 i 11.59 8.5 2.25 - 934 0.0047
98 i 11.32 8.5 L.72 o 9. 60 0.0043
99 " 1.40 1.7 0. 30 - 1,10
100 Hat— " 15.21 8.5 1.01 - 14,20 0.0047
kila
101 1/ R 20,25 9.0 0,80 - 19,45 0.0055
102 " 647 9.0 0.47 o 6,00
103 " .01 40 - - 2,01
1.04 Wafla " 9,37 9.0 0.81 o 8.50
105 " 959 9.0 Ga 59 o 9,00
106 1/ " 10.10 9.0 3.95 - 6,15 0.0058
107 " 3,90 8.8 275 - 1.15
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Table 2 {cont.)

o Name Catchment Area Agigigﬁ
of of Region Total Length Geology
Wadis Waddl area Quaternary | Teritiary | Tertiary

Pliocene | Miocense

km2 km kmg
108 Bagt Sidi- 3.95 8,7 1.50 - 2.45
Barrani
109 " 8.71 8.8 3,10 . 5,61
110 " 6.92 8.9 1.20 - 5.72
111 1/ " 11.01 8.7 5.80 - 5,21 0.0052
112 " 1.35 3.2 - o 1.35
113 " 3.04 5.3 030 o 2:74
114 i 6.00 8.5 1.15 - 4,85
115 i 6.05 8.4 - e 6.05
116 " 8.82 8.5 - - 8,82
117 w 11.04 8.0 e - 11.04 0. 0066
118 " 4.94 7.8 - - 4.94
119 i 1.25 2.5 o - 1.25
120 " 9.46 8.0 - o 9,46
121 i 1.06 2.0 o - 1.06
122 Tape " 6,25 8.0 - - 6.25
faya

123 1 6.87 8.5 - - 6.87
124 " B, 32 8.6 - e 8.32
125 " 2.91 5.0 0.40 - 2451
126 " 1,17 2.0 - - 1.17
127 Ziba " 28.54 16.4 v o 28,54 0. 0050
128 Sidra " 5,82 6.0 - - 5,82
129 " 0,62 1.4 - - 0662
130 Shamasg " 44.46 15.8 o o 44440 0.0048
131 Hegelila 15.12 15.5 0,68 - 15:50 0.0017
132 " 15,80 16.5 - - 15,80 0.0047
133 " 7,05 7.5 0,65 - 7,00




Table 2 {cont.)

Catchment Ares

e Hame Averape
of of Region Total | Length Geology alope
Wadls Wadi area Quaternary | Tertiary| Tertinry
Pliocene | liocone
lcm‘g2 km kmg
134 VWegeila 5.11 6.0 0.41 . 4,70
135 i 10,90 | 13.4 - - 10.90 0.00%54
136 Marzulk " 36.37 | 15.8 - - 36637 0.0049
137 1/ Bast Sidi-| 11.31} 3.0 - - 11.31  }0.0031
Barrani
138 " 19,37 | 16,9 - - 19.37 0.004%
139 1/ n 21,37 | 18.0 1.37 - 20,00  |0.0057
140 1/ " 15.35 | 19.5 - - 15.35  |0.0035
141 Abu " 10.00 | 21.0 - - 10.00 0.,0044
Ameira
142 Shira " 52,86 | 23.0 1.86 o 51,00 00,0034
143 Hida " 22,06 | 23.5 - - 22.06 0.0040
144 1/ | Ihwire | Negeila 37.96 | 23.0 1.96 - 36,00 0.0047
145 Gharnuk " 1,36 2.5 0. 40 - 0,96
146 Abu " 34.17 | 23.6 1,67 - 32,50  |0.0036
Hisha
147 Halbida " 53,36 | 24.1 1,56 - 51,00 0.0021(
148 Pawila " 34.62 1 24.5 1.62 - 33.00 0.0042
149 Shibeiti " 21,04 | 24.2 1.74 - 19,30 0.00%51
150 Enthely " 51.42 | 25.0 2,12 - 49,30 0.00%51
151 Zikediri " 3,19 4.5 1.64 - 1.55
152 Abu " 10.21 | 11.0 1.75 - 8.46 0. 00487
Snfiek
153 " 15,04 | 13.5 1.54 - 13.50 0.0114
154 Wakal " 17.71 | 23.0 1.71 - 16,00 0.0074
155 " 49,14 § 24.2 2,07 - 46.27 0.004%
146 Zeinab " 20.52 | 3.7 - - 29,52 00 G0
1/ Group of Nalin
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Table 3

UM~BL~RAKHAM - MATRUH

Ho. Name Catchment ares Average
of of Reglon Total Length Geolopgy glope
Wadis Waddi area Guaternary | Tertiary | Tertiary
Pliocene |IMioccene
km2 km kem?
157 Uneg 1= 2.27 3.0 1.00 - 1.27
Rakham
158 Banab " 52.69 23.3 3.00 - 46,69 0.0044
159 Thimayed 1" 26,77 23.3 1.00 - 25. 77 0.0039
El Asi
160 Taniys " 3.56 4.3 0.56 - 3,00
161 Dab " 81.01 21.3 .75 o 79.26 0.0042
162 1/ |Kenuda " 76.89 | 20.5 - - 76,89 | 0.0042
Abdiye
163 Halazin " 31.39 19.5 1.00 - 30439 0.0008
164 " 2,87 365 1.67 - 1.20
165 Mahlab " 29.29 19.5 1.00 - 28,29 0.0038
166 Mahkin " 19,75 19.0 1.75 o 18,00 0,0036
167 1/ " 42.46 20.5 4046 o 38.00 0.,0034
168 1/ |Magwah " 30.74 4.7 5.79 - 24.95  ]0,0104
169 Has " 56, 60 22.7 - - 56,60 0,0063
170 & 8.37 5.7 - - 8,37
171 " 48.00 20,7 e - 48,00 0.0032
172 " 1.40 3.4 - - 1.40
173 Uneel— " 40,14 20.0 - - 40,14 0.0028
Rakham
174 Habia " 5,47 6.7 - - 5.47
175 3/ " 4.52 3.6 - - 4.52
1764, Ashtan El Qasr 88.93 19.8 - - 88,93 0. 0047
1763 1/ " 10+41 3.1 4,21 - 6420 0.104
177 Senab " 21,50 19.3 - o 21,50 0,005
178 Hashkn " 8.94 5.5 - - 8,94
179 Maguid " 65,30 19.5 - - G456 30 0,000




Pable 3 (econt. )

Catchment Area Average
No. Name
of of Region | Total | Length Geolomy : slope
Wadis Wadi area Quaternary | Tertiary | Tertiary
Pliocene Miocene
km2 km kme
180 Madwar EL Qasr| 48,561 20.0 3.75 - 44.81 0.0053
181 Ramla i 124.35 22,0 2035 1.0 121.00 0.0047
182 Kharruba " 60,151 16.0 - - 60,15 0.0044
183 1/ Matruh | 10.90| 5.2 1.20 - 0.0129

9,70

Group of Wadis
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Table 4

ARBA BETWEEN MATRUH AWD RAS-BEL--HEKMA

Nook Hame Catchment Area Average
of of Region | Total | Length Geology slope
Wadils Wadi areg Guaternary Tertiary | Tertiary
Plioccens Hiocens
kmz lem km2
184 Tawaviya | Matruh 25. 30 9.5 - - 25, 30 0.0077
185 Kheir " 35.36 14.5 - 4.36 31,00 0.0072
186 1/ " 24.36 7.5 - - 24,36 | 0.,0090
187 Naghamish " 116,66 23.5 o 4,75 111.91 0.0048
188 Garawla g 7780 22,0 - 9.63 68,17 | 0.005L
Kalailib
189 Zarga " 125,82 207 - 9.12 116,70 | 0.0051
190 Huraiga " 101,72 21.0 - 11.72 90,00 0.0096
191 Kassaba w 87,16 20.3 - 3.16 84,00 00,0061
192 1/ " 10,36 5.3 - 5.76 4.60 | 0.0172
193 i 33.29 17.0 - 2.00 31.29 0,0048
194 " 22.97 15.0 0.70 1.70 20.57 0.0049
195 1/ " 2.08 2.8 1.08 1.00 -
196 1 10,00 14.8 1,00 1.00 8.00 | 0.0005
197 " 1.25 1.9 0.83 0.42 -
198 i 15.32 13.8 1,09 1.09 13,14 {0.0218
199 Jagaush | 27.74 12,2 le.14 1.14 25.46 | 0.0479
200 " 4.39 543 0. 60 1.89 1.90
201 1 11.25 9.9 0.25 1.00 10.00 | 0.0036
202 1/ " 737 3.8 - 3.87 3,50
203 " 13.60 8.3 - - 13,60 | 0.0047
204 it 12.42 9.0 1.60 s 10.82 0.0040
205 i 16,07 8.9 1.07 - 15,00 §0.,00114
200 Eharun " 31.54 8.8 - - 31.54 10,0018
207 Abu smeit " 42,40 | 2c.7 - - 40,40 10,0049

Group of Wedig




127

Table 5

AREA BETWEEN RAS-EL-HEKMA AND FUKA

Now Name Catechment Area Average
of of Region | Total | Length Geolom slope
Wedlis | Wadi area Quaternary | Tertiary | Tertiary
Pliocene | liocene
kn® km km2

208 Madwar Fuka 3734 ] 20,8 - - 3734 0,0039
209 " 0.97 1.9 - - 0.97
210 Khreiaza " 21.37 14.5 1.0 e 20. 37 0.0073
211 " 19.50{ 11.6 o - 19.50 0.0066
212 w 13.97 10.8 e - 13.97 0.0082
213 1 0.97 1.5 - - 0.97
214 Midawla " 25.67 9.6 - - 25.67 0.0044
215 i 22,971 12.5 - o 22,97 0.0061
216 # 21.94 13.5 0.94 - 21.00 0.0059
217 b 148.67 15,9 2.67 oo 146,00 0.0053
218 " 135.56 | 21.1 3. 56 - 132,00 0.0041
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Appendix 3

HYDROLOGY

1. Galculation of rainfall/runoff correlation

The rainfall/runoff correlation in the wadis has been calculated by the formula:
R= Db, + bh+ b31 (1

where R = xy o= amount of runoff
h = x, = amount of rainfall

T = x. = duration of rainfall

For the caloulation of the parameters bj, bz, b3? the following formulas could be used:

b, }:(Axg)g + by 2(Ax,ax,) = 2(ax Ax,) )
2
by E(Ax,0%) + by 2(ax,)° = 2(ax, Ax,) (2)

b1 " x1 o bg XE - b3 x3

2
where X(A:ﬁtg) =Zx," -~ N x,
2 2 -

E(AXB) =2 %% - N oxy
Tlax Axy) = Txgx, = N xex,

2

5 1
w1

¥l
it

E(Ax1Ax3)m2‘:x i

1%y = B XXy

2x3 - N o%3

i

1
¥

T (Ax Axg) = Tx

2

(N = number of observations)
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2.  Rainfall/runoff correlation in Wadi Kilo 9
&, Bagic data
%, = R X, = R x., = T x 2 X 2 b XX X
1 2 3 2 3 1%2 1%3 2*3
(days)
314 14.0 2 196.0 4 4 396 628 28.0
355 7.7 1 5943 1 2 733 355 7.7
600 6.0 1 36.0 1 3 600 600 6.0
1 000 7.2 1 51.8 1 T 200 1 000 .2
2 041 10.7 1 114.5 1 21 839 2 041 10.7
6 619 15.2 1 231.0 1 100 609 6 619 15,2
1% 657 35.5 5 1 260.3 25 555 823 78 285 177.5
%126 587 96,3 12 1 948.9 34 696 200 89 528 252, 3
il 3 798 13.76 171 N e 7
b, Caleulation of parameters

5]

M oM oMM

Heplacing the above found values in the system
we have the followirng equations:
623.5b, + B7.6b, = 330 377
&7.6b2 4 %3.53b3 = 44 066
b B 3) 798 e 13076b v ‘?«711)
1 2 3

(3)

S o s s s

= =3 922
= 800
4+ -1 923

from which we obtain: b
b
b

o

[

Thus the formula (1) can be written:

R = 800h - 1 9237 -~ 3 922

- (2)

(Ax,) = 1948.9 = 7 x (13.76) = 1 948.9 = 1 325.4 = 623.5

(AX2AX3) = 252.3 = 7 x 13.76 x 1.71 = 252.3 = 164.7 = 87.6
(ax,Ax,) = 696 200 ~ 7 x 3 798 x 13.76 = 696 200 ~ 365 823 = 330 377
(ax,)% = 34 = 7 x (1.71)° = 34 - 20.47 = 13.5)
(AxyAx,) = 89 528 = 7 x 3798 x 1.71 = B9 528 - 45 462 = 44 066
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3. Rainfall/runoff caleulation in Wadi Ramla

a., Basic data
h T x, 2 2 W, K W, X KX
x1 w ] x2 = K., xe x3 1%0 1% 2%y
(hours)
43 900 8.4 5.2 70,56 27.04 368 760 228 280 43.68
25 000 7.2 12.0 51.84 144.00 180 000 300 000 86. 40
2 000 1.5 0.5 2.25 0.25 3 000 1000 0.75
2 70 900 17.1 17.7 124.65 171.29 551 760 529, 280 130.83
¥, | 23 630 5.7 5.9 Ne3
b, Calculation of parameiers
& (z:;\f.:,xcg)"‘2 m 124.65 - 3 % (5.7)2 = 124.65 ~ 97.47 = 27.18
b3 (ﬂaxgiAXB) = 130.83 - 3 x 5.7 x 5.9 = 130.83 ~ 100.89 = 29.94
)3 (Axw Axg) = 551 760 — 3 % 23 630 x 5.7 = 551 760 - 404 070 = 147 690
b3 (zzx3)2 w 171,29 - 3 x (5.9)2 = 171.29 = 104.43 = 66.86
) (AJM¢XK3) = 529 280 ~ 3 x 23 630 x 5.9 = 529 280 « 418 250 = 111 030
Replacing the above found values in the system {2}
we have the following equations:
2 7%8@2 + 29.94b3 = 147 690 )
2 994b,, + 66.&6b3 = 111 030 (3}
by = 23 630 = 5.7b, - 5.9b, )
from which we obtain: b7 w e 930
b2 = 7 110
b, = 1520
Thus the formula (1) can be written

R= 7 110h - 1 5207 - 7 930




4. Rainfall/runoff correlation in Wadi Tawila
a. Basic data
2 2
%, = H X, = = :
" 5 X T xz x3 m1x2 XTK3 x2x3
(hours)
2 000 7.7 4 59.29 16 15 400 8 000 0.8
13 700 15.0 5 225.00 25 205 500 68 %00 75.0
500 3.4 1 11.56 1 1 T00 500 3.4
£ 16 200 26,1 10 2095.85 42 222 600 77 Q00 109.2
x| 5 400 8.7 3.33 N =3
Be QCalculation of ﬁar&met@rs

b (z:\xﬁ)2 w 205,85 — 3 x (8.7}2 = 295.85 - 227.07 = 68.78

L {a xgszB) = 109.2 - 3 % 8.7 % 3.33 = 109,32 ;‘87,0 = 22.2

2 (Ax,Ax,) = 222 600 = 3 x 5 400 x 8.7 = 222 600 ~ 140 940 = 81 660
S (8x)% = 42 - 3 x (3.33)% = 42 - 33.33 = 8.67

b (A:mlﬁxﬁ) = 77 000 - 3 x 5 400 x 3.33 = 77 000 = 54 000 = 23 000

Heplacing the above found values in the syetem (2)
we have the following eguations:
6@.?8bg + 22.2b2 = 81 660
4+ 8,670, = -
22.2b2 b 8ﬁb‘b3 23 000 (3)

b, = 5 400 - 8.7b, ~ 3.33b,

B g s W et Vo

from which we obtain: b1 = -3 765
b, = 1 907

b, = -2 230

Thus the formula (1) can be written:

R = 1 907Th - 2 2307 -~ 3 765
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b Burg Tl Arab Meiteorological Station

YEAR SEP ¢ QCT | NOV | DEC | JAN | FEB | MAR | APR | MAY | JUN | JUL | AUG [TOTAL
1951-52 7.0 1 3.0 | 4.0 176.0 | 38.5] 18.0, 2.5 G.00 0.0 1 0.0 | 0.0 | 0.0 1149.0
105253 0.0 (28.0 | 0.0 [31.5 4,00 12.0114.5 0.0{ 0.0 | 0.0l 0.0 | 0.0 | 90.0
195354 0.0 | .0 130.5 143.5 | 10.4F 3.9 0.0 0.0p 0.0 0.0 1 0.0 | 0.0 | 88.3
195 4~55 0.0 (17.0 188.3 188.0 0.0 0.0! 0.0 5.5 0.0 1 0.0 | 0.0 | 0.0 1198.8
195556 0.0 | 6.0 |97.5 [69.0 | 57.5] 14.5]12.5 0.01 0.0 | 0.0 | 0.0 | 0.0 |257.0
195657 0.0 79.0 1 74.00 41.0116.0 5.0 0.0 | 0.0 | 0.0 | 0.0
1957-58 0.0 {92.5 137.5 126.5 | 69.71 5.0} 0.0 0.0y 0.0 | 0.0 | 0.0 | 0.0 [237.2
1958-59 0.0 | 0.0 | 0.0 120.0 | 39.0) 84.5] 0.0 0.04 0.0 | 0.0 | 0.0 § 0.0 1143.5
195960 0.0 {30.0 | 3.0 131.0 | 84.5] 5.5, 7.5 G.00 0.0 | 0.0 1 0.0 | 0.0 1161.5
196061 1.0 1 0.5 1715 1 8.0 | 34.51 70,0 1.5 0.00 6.3 1 0.0 1 0.0 | 0.0 [193.3%
1961=62 0.0 179.0 | 4.0 61,0 | 29.8F 0.71 0.0 | 98.1) 2.0 | 0.0 | 0.0 | 0.0 1233.6
196263 3.0 {22.0 | 0.0 {13.5 2.01 10.5111.0 0,00 0.¢ } 0.0 | 0.0 | 0.0 | 62.0
1963-64 0.0 1 5.0 114.0 129.5 | 49.51 4.0] 6.5 | 16.51 0.0 | 0.0 | 0.0 | 0.0 [125.0
196 465 0.0 | 0.0 156.5 98.0 | 66.01 1.5] 3.0 13,01 0.0 | 0.0 | 0.0 | 0.0 1238.0
196556 0.0 110.5 | 1.0 3.0 0.0 21.01 3.0 0.01 0.0 | 0.0 | 0.0 | 0.0 | 38.5
1966-67 0.0 | 0.0 142.5 | 0.0 | 32.91 9.0 8.0 0.0, 0.0 | 0.0 | 0.0 | 0.0 1192.4
196768 0.0 | 1.4 1287 115.9 | 20,61 16.7 4.0 G.0} 0.0
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1 Dabaa Meteorological Stalion
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d. Ras el Hekma Meteorological Station

YEAR SEP]  OCT) NOV] DEC{ JAN | FEB | MAR | APR { MAY §{ JUN | JUL { AUG {TOTAL
165657 0.01 7.5} 13.0] 53.4, 54.0 139.6 [14.8 | 0.0 teT 1 0.0 | 0.0 | 0.0 [184.0
195758 0.01 45.9] 35.1] 28.0! 18.4 {1 0.0 } 0.0 | 0.0 | 0.0 | 0.0 | 0.0 | 0.0 127. 4
19535 0.00 1.4} 5.0 7.7} 19.5 [46.2 | 0.0 } 0.0 | 0.0 | 0.0 | 0.0 | 0.0 | 79.8
1959-60 0.0F 0.00 0.0} 43.3} 42.0 | 0.0 | 0.4 | 6.9 | 0.0 | 0.0 | 0.0 { 0.0 | 92.6
1960-61 C.01 0.07 9.5{ 5.5} 65.8 [53.0 | 0.0 | 0.0 { 0.0 { 0.0 | 0.0 | 0.0 {133.8
1961=62 0.00 0.01 0.07 41.4] 34.5 | 9.7 1 0.0 | 0.0 | 0.1 0.0 1 0,0 | 0.0 | 85.7
1962-63 17.41 15.3¢ 0.01 6.3] 9.8 | 2.0 173.9 1 0.3 1 5.3 1 0.1 0.0 | 0.0 {70.4
1963-64 20,10 11.04 6.5] 5.0{122.6 (22.3 {10.4 |31.6 { 0.0 | 0.0 | 0.0 | 0.0 [229.5
1964-65 0.0] 0.0] 43.91108.3] 42.6 | 6.0 {16.3 2.2 | 0.0 {0.2 | 0.0 | 0.0 1229.5
1965-66 0.01 21.3 1 12.4) 12.41 15.8 |26.6 | 8.7 [ 0.8 [ 0.0 | 1.2 | 0.0 | 0.0 | 98.9
196667 4.7 1.0 39.4 1 27.5 | 34.6 2.7 V7.3 1.3 1 0.0 ] 0.0 | 0.0 j0.0 [118.5
196768 5.6 1 3.7 14.3119.6123.8 1 7.0 j11.3 |12.2
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Mersa Mathrub Airport Meteorological Station
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. Mersa Matrun (Bl Qasr) Meteorological Station

TEAR SEP [ OCT | NOV DEC JAN | PEB | MAR | APR | MAY | JUN | JUL | AUG {TOTAL

196364 62.4 139.1 [14.0' [13.5 | 0.1 | 0.0 | 0.0 | 0.0
196 4-65 0.0 | 0.0 [18.6 {92.5 149.3 | 5.0 | 9.1 | 7.8 20.8 | 0.0 | 0.0
196566 0.0 187.6 |23.1 | 8.6 |24.0 {32.4 [10.8 | 0.4 | 0.0 | 0.0 | 0.0 | 0.0 [186.9

P

A 8.6 110.7 2.7 2.8 1 0.0} 0.0 | 0.0 11191

Lt

196667 8.8 | 3.2 |38.9 |20.3 |2

<&
<o

196768 0. 10.2 149.0 {17.8 118.4 | 1.2 } 7.0 | 1.2
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Sidi Barrani Meteorological Station
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Sallum Meteorological Station
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