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Climate and liydrology
Climate

The climatological conditions of the Sinai Peninsula are similar to those, which
characterize deseri arcas in other parts of the world. They include extreme aridity,
long hot rainless summer months and mild winter. During the winter months some
arcas of Sinai expericnce brief but high intensity of rainfall that makes Wadi beds to
overitow and sometimes causes severe flush floods which damage the roadways and
human lives.

Some parameters of climate are presented below.

- Temperature - Unit: C
Station i J i F M P AIM PG TTTATSIOTNID
Nakht 4 96 1 1L 1158 1202 12421291 127413091285 1250 168 | 18.7
St Cath, 9.5 11321861229 {246 24912351 2111170 | 119] 86 | 7.7

Humidity Unit: %
Nakhl  : 67 | 71 1 55 423; 47 137 | 49 [ 52 | 68 | 63 | 60 | 68 |
StCah. | 43 45 3472 31 Vs lar [Tas ] 2 i3 38 0
" Evaporation ' Unit: mm/day
St.Cath. ~ : 63 | 73 11051341158 [ 16311771152 1261 94 7'2,,1,.5:9,
| SESheikh_ ! 116 1124 [ 1487 18.0 1 208 25.1 {258 1 224 | 208 | 162 | 12.8 | 116 |
- ' Wind Speed _ Unit: m/sec
Nakhl §st0 40 143 1430 38141 | 297133( 34 30| 38| 44
[St.Cath, P40 | 54 150 | 531530152 [s0lail a5 4274271 36
Sunshine : Unit: hr/day

[Nuweiba ¢ 7.5 | 90 [ 9.8 ]10.0(103 124 112411201104 ] 92 | 87 ] 82 |

Hydrology

Sinai is surrounded alinost from all sides by large bodies of saline water of Red and
Meditcrranean seas.  There is no natural streams flowing through the Sinai. The only
source of fresh water in Sinai is rainfall in winter months. Therefore, hydrology of
Study Area is governed mainly by the surface water flow through the Wadis due to this
rainfall.

In & broad view, climate of Sinai may be categorized into two, such as dry and wet.
Although annual rainfall is little, all of them occur in the wet season i.e. during the
months of October through May.  The wet season includes winter, spring and aulumn
seasons. In the summer i.e. June through Sepicmber there is no rainfall at all.

There are two hydrological phenomena that responsible for the rainfall. One is the
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development of depressions over Cyprus in winter scason.  When il crosses over the
Mediterrancan forms cold fronts and causes rainfall in northein Sinal and also in the
northern part of Egypt.  The other one that causes rainfall cvents during the spring and
autun is due to the Monsoon depressions formed over Sudan and its movement over
northern zones of Red Sca.  Somctimes this movement coincides with another
depression formed over the eastern part of Mediterrancan and causes severe
thunderstorms in the area.

According to the existing data in South Sinat, there are many years, which have no
rainfall, and when there is some rainfall, the rainy days are very few.,  On the other
hand, rainfall intensity is very high and duration of storms is rather short.  Although
the duration is short the high intensity is the main reason for flush floods.

Average of annual rainy days (including 0.1 mm) in Ras Sudr are 10, in Ras Nasrani it
is 4, in El Tur it is 4, in St. Catherine and  Nagb it is 13 daysfycar. On the other
hand, if only more than 5 mm/day is considered it becomes only 1 to 3 daysfyear.
Average annual rainfall of south Sinai varies from 5 mm to 30 mm.  The annual total
rainfall varies from 0.0 mm to 123.2 mam (in 1937, St. Catherine). The highest daily
maximuwm was recorded as 76.2 mm (8th November 1937 at St. Catherine).  However,
daily maximums of some selected stations in recent years with their probabiliics are
tabulated below.

Akl

~__Station | Dally maximum | Month/Year Probability

Ras Elrﬁ;qb’ 7 35.3mm Nov./1994 :once in 14 year
SheikhAttia | 166mm | Feb/1991 | (smalldataset)
RasSudr 267mm | Feb/1991 |oncein30year
St Catherine | 259mm | Mar/1991 | oncein 10 year

Ef Tut 18.6mam Nov./1994 once in 15 year
ResNasrani | 103mm | Oc/1989 | enceinGycar
Nowebs | ioswm | Feosissy  Gmalldmasn) |

It is noteworthy to note that the above daily maximum rainfail mmght have occurred only
by a single storm or few storms with high intensity, not from a continuous 24hrs
rainfall.

Isohyetal Map for Sinai is shown in Fig. 2.3-1. Annual and monthly average rainfalls of
some stations are presented in Fig. 2.3-2.

Drainage Catchment

The Study Area is divided into 40 catchment areas, of which 16 le in the castern block
and 24 lic in the western block.  Apart from these two blocks, there is about 8,191 km’

H-25



2.3.4

Chapter I General Pescription of Siudy Area

of Wadi Ll Arish catchment, which lics in the Stady arca. 1t is noteworthy 10 note that

the runoff from El Arish catchment flow te the north Sinai.  The list of drainage

catchiments with their respective arcas is presented in Table 2.3-1 and in Fig. 2.3-3,
Wadi Flows
Past Flood Records

All main Wadis in the arca experience flush floods of difterent magnitudes at Icast once
in two years,  There are severe floods occurred in reeent years in Wadi Feiran, Wadi
Sudr and Wadi Watir.  Some of the recorded floods in Wadi Sudr, Wadi Feiran and
Wadi Watir are tabulated below.

 WadiName | Date | Runofl Volume (m*) | Rcmark‘rsﬁﬁ
Wadi Sudr Jan. 26/90 : 237000 0 - befow the weir
Apr02/0 . 279,000 belowthe weirr
Mar05/91 25,000 | below the weir
Mar06/9F 328,080 _catclnncmomlcl e
Mar.22/01 2925000  lbelowtheweir
Mar.23/91 L107,000  ibelowtheweir
Jan23/97 240,094 ‘below the weir
- Mar 03/97 195048 below the weir
Wadi Feiran | Nov.05/89 255,000 at chran oasis
Apr.26/89 : 22,000 Gath Wam pass
o iMar22/91 L 11,400 __-:atchmcnt outlt‘:t o
Wadi Watir | Oct.16/87 ¢ 4,500,000  |catchmentoutlet )
Apr.20/88 i o, 000 0007‘  tcatchment outlet i
Oct.16/88 | 1,500,000 cachmentoutlet
0ct.20/90% ¢ 3,500,000 catchmentoutlet
May 16, !7/97 i 440,640 catchmcnl outlet
May28/97 27,020 upsweamoutlet
L ~ | Oct. 1897 . norecord L -

(* this Nlood continued for 6 days {(Oct. 19 24)

Floods were observed several times during the Study at the Wadi Sudr, the upstream of
the Wadi El Arish and the Wadi Watir,  The most significant flood was occurred in the
Wadi Watir including the Wadi Hathy and the Wadi Khareiza arcas on 18 October 1997,
The tlood destroyed some sections of Highway to Nuweiba and some peoples were lost.
The outline of the floed is presented below.

Remarkably developed cumulonimbus clouds were observed in the eastern direction (to
the upstrcam of the Wadi Watir) in the afternoon on 18 October 1997,  Information on
the flood was given to the Team i the evening on 18 October 1997, Therefore, the

Study Team carricd out the field survey and interview on the flood occurred in the Wadi
Watir.
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The Study Team interviewed the owner of a cafeteria in the Wadi Hathy, which is abowt
20 km from the entrance to the Iighway in Nagb. According to him, heavy rain
started around 0:30 p.an. and continued up to around 3:00 p.m.  Rainfall started again,
however, it was weak and accompanied by hail.  This weak rainfall continued till about
7:00 pm. The first floodwater reached near his cafeteria about one hour after the
starting of the heavy rainfall. Duc to this flood, the Highway to Nuweiba was
destroyed at many places. Especially the section of the highway between outlet of the
Wadi Kharciza (entrance to the well site J-5) and Sheikh Attia was completely
destroyed, Furthenmore, some vehicles were involved in the flood.  Their conditions
arc shown in phiotographs below.

o e e s ey e e e e e e < ene + mm er i s i o e e -

Scattered asphalt fragments of Highway Taxi crushed by the flood

There is a metcorological station in Sheikh Attia, however, unfortunately it was not
working. Therefore, the Study team paid an attention to two (2) water tanks (12m x
12m x 3m= 432m’) beside pumping station to estimate amount of precipitation. The
tanks arc shown in the third photograph. No.l water tank was filled up by muddy
water which suggests floodwater. On the other hand, 21cm depth of clean water was
confirmed in the No.2 water tank. Mud cracks were recognized in the bottom of the
tank. It suggests fhat the tank was dry before the flood. Judging from thesc facts, the
clean water could be derived from rainfall and total precipitation might reach to 210mm,
A photograph of pumping stations and water tanks are presented below.
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W gt

Ne.¥ Pumping Rtution’

N2 Pumpiny

<

{down stream)

-
{upstieam)

Pumping Station in Sheikh Attia
(The No. 1 water tank is behind the No.2 Pumping Station)

Surface Runoff

In Sinai, the most difficult task sti}l to be worked out is the calcutation of runoff, which
is close to the observed one. In this connection, as long as long-term observed runoff
data are not available the problem will remain unsolved. So far, WRRI has data for
only few flood events in three major Wadis (W. Sudr, W. Feiran and W. Watir) but
most of them are Without any rainfall records. The Wadi that has records with rainfall
data is Wadi Sudr. However, analysis show that the runof¥ coefficients of six flood
events vary from 1.2 to 39.3 (Hatem, 1992).

Review of previous studies show that various attempts ha_\)e been made for caleulating
runoff. In SDS (1985), 'empheric.al' formulas were used for computing peak floods,
flood volumes and flood duration. Recently, in 1993 WRRI has carried out a
comprehensive study titled Surface Water Resources Study"(SWRS,. 1992) finance by

‘the Commission for the European Communities. A part of the study (Sinai Water

Resources Map) was entrusted on Engineering Fac—ultylof Cairo University. Scarcity
of suitable number of observed data, the Team used a set of equations facusing on the
runofY governing parameters such as geology, slope, area, rainfall etc.  Although high
level of accuracy can not be obtained however, at the present stage this work may be
considered as a complete work on Sinai hydrology which is simple and conceptually
valid. Detail of the equations is presented below.

V=R*(C*A*pP
where, R is reduction factor
C is runoff coefficient

A is catchment area
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Qo R

(upstream) {down stream)

Pomping Station in Sheikh Attia
(T'he Na. 1 water tank is behind the No 2 Pumping Station)

Suiface RunotY

In Sinai, the most difficalt task still to be worked out is the calculation of runolT, which
1s close to the observed one.  In this connection, as long as long-term observed runoft
data are not available the problem will remain vnsolved.  Seo far, WRRL has data for
only few flood cvents in three major Wadis (W, Sudr, W. Feiran and W. Watir) but
most of them are without any rainfall records.  The Wadi that has records with rainfall
data s Wadt Sude. However, analysis show that the runolt coefticients of six flood
eventz vary from 1.2 10 39.3 (Hatem, 1992}

Review of previous studies show that various attempts have boen made for calculating
runoft.  In SDS (1985), empherical formulas were used for computing peak floods,
flood volumes and tlood duration.  Recently, in 1993 WRRI has carried ot a
comprehensive study titled Surface Water Resources Study (SWRS, 1992) finance by
the Commussion for the Luropean Conununities. A part of the study (Sinai Walter
Resources Map) was entrusted on Engincering Faculty of Cairo Universily.  Scarcity
of suitable number ol observed data, the Team wsed a sct of equations tocusing on the
runoft governing parameters such as geology, slope, area, rainfall cte.  Although high
level of accuracy can not be obtained however, at the present stage this work may be
considered as a complete work on Sinai hydrology which is simple and conceptually

vialid.  Detail of the equations 1s presented below.

VaR¥C*AP
where,  Rois reduction factor
Cis nnoft coeflicient

A ks catchunent arca
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P is rainfall depth

And the reduction factor R is given by

R=1.05-00053J4 (1 isinkm?),

the ranoft coeflicient C is given by

¢ =[px Jos1xP)G)Lo-s)

where,  Dis drainage density (knvkm?)
P is rainfal] in meters
G is an integer number tepresenting
geology (varies between 1 and 9)
S is fand slope

Using these equations, surface runoff was caleulated in cach wadi.  The results are
12.28 and 40;64 x10 m’fycar for castern and western blocks respectively, which makes
a total of 52.92 x10°m’/year. On the other hand, the El Arish catchment within the
Study area will produce about 9.50x10° m’/year. The caleulated runoff volume for
each Wadi is presented in Table 2.3-1.

Calculated Amount of Recharge

A theoretical approach with a few assumptions is used to calculate the amount of
recharge to groundwater for each wadi catchment.  The calculation was performed on
an yearly average basis. The result was previously shown in Table 2.3-1.  Percentage
of recharge rate varies from 10 to 70. The total average amount was found to be 253 x
10° m’fyear. Of which about 100 x 10° m’ in the El Arish catchment area and rest are
in the eastern and western blocks.

On the other hand, another calculation was performed by the WRRI using a tool
developed HEC (Hydrolagic Engineering Center) of USA army corps of engineers.
JICA study team was provided with the catculated value (in the form of total of Runoft
and Recharge). The results are also shown in Table 2.3-1.

Wadi Risk

Although rainfall is scarce in Sinai Peninsula, it is very famous for its flush Noods with
high velocity and causes damages to the infrastructures, disrupt the imporiant
communication system and sometimes to the human lives. It is remarkable in the
wadis that have geological features of basement rock or shale. Wadi Sudr, Wadi
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Gharandal, Wadi Feiran, Wadi Dahab and Wadi Watir are famous for their activeness.
Brief descriptions of risky areas are described below.  Approximate locations of risky
areas are shown in Fig. 2.3-4,

Wadi Sudr Catchment and Outlct

Three (3) to four (4) floods oceur per year in average.  Floods caused severe damage

to the hydraulic cross scction at 22 kin point from the T unnel - Il Tur highway,
where the side wall of the weir has been flushed away.  The downstream of this
Wadi has a sedimentation problem on the highway.

Wadi Sudr Outlet—Abu Zenima

There are also two (2) active Wadis in this stretch namely, Wadi Wardan and Wadi
Gharandal.  Their outlets and some stretches in the Wadi Gharandal are subject to
flood damages. The distances of these stretches from the highway are about 2 km
where Wadi crosses the road and 7 km where road has already been destroyed (in
front of the army camp).

Wadi Feiran Qutlet

In the area of Wadi Feiran outlet, local floods occur around the enfrance of the

Highway to St. Catherine. Sand, gravel and stones have disrupted the traffic cover
the highway.

Wadi Feiran Catchment

The Wadi Feiran is one of the most active wadis. Past floods have destroyed many
parts of the road, washed away the water level recorder.  The damages are always
more in two Qasis areas, Qasis Feiran and Tarfa,

Outlet of Wadi Feiran-E] Tur (El Qaa Plain)

This section does not have any major problem, ‘The surface flows from El Qaa Plain
carries a lot of sediment and sometimes creates a blockade on the main road. The
point where the Wadi El Awag crosses the highway near Il Tur is a risky zone due to
absence of any suilable structure to ease the flow path.

Sharm E{ Sheik-Nagb-Dahab

Generally, this section does not have a major problem.
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Dahiab Area

This area is situated at the downstream of an active Wadi, the Wadi Dahab, The
Wadi carries a huge amount of flood flow from the main iributaries such as Wadi
Zaghara, Wadi Nasb and Saal.

Dahab-Nuweiba Stretch

Only shorl Wadis are present in this steetch.  Floods are generated in this arca and go
directly to the gulf of Aqaba without causing any major problems.

Wadi Watir Catchment-Nuweiba

The Wadi Watir is an active wadi as well as the Wadi Feiran,  Nuweiba is situated at
the downstream of the wadi.  One of the important highways passes in this wadi and
leads to Nuweiba. The Highway has been suffercd from heavy floods that caused
severe damages. Nuweiba is also always under threat. Some protection works
have been done, still there are many parts that are vulncrable to risk.

{10) Nakhl Arca

3)

Many tributaries of the Wadi El Arish cross the Suez—-Naqb Highway at many places.
Among the locations, a stretch west of Nakhl is always under threat because
tributaries such as Shibaya, Abu Adib, El Ruth and Ruaq pass through this stretch and
causes damage to the road almost every year.

Groundwater Recharge Facilities

Annual volume of unused surface runoft is estimated to be 62 x 18° i’ in the Study area.
A major portion of this unused amount of runoff could be used in order to increase and
accelerate the annual recharge to the groundwater aquifers.

WRRI carried out detail studies for this purpose in the Wadi Watir and Wadi Dahab and
a number of dams have been proposed for construction.  Total number of structures in
Wadi Watir and Wadi Dahab arc 22 and 1] respectively.

To fulfill this target, various types of hydraulic structures were recommended in the
Study area including the study results by WRRIL  They are 13 storage dams, 48
detention dams and four (4) diversion dams.  List and locations of proposed facilities
are presented in Table 2.3-2 and Fig. 2.3-5, respeclively.

In the selection of structure type and location geological, hydrological and physical
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parameters were taken into consideration as mentioned below.

(DStorage dams:  locations where there is a suitable place for reservoir, presence of
impervious layer and a good hydraulic section with high Wadi
walls,

{(2)Detention dams: sites where there is a mild land slope with pervious soil.  This
kind of structures is already in use in Sinai by the Bedouins.

(3)Diversion dams: near the outcrop arcas in order 1o divert and spread the runoff
water over the outcrop area for facilitating the infiltration
process.

It is note worthy to mention that the locations/lypes/numbers of the recommended
structures are not absolute one.  Therefore, before taking any decision for construction
of these structures more detail study s necessary.
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Table 2.3-1 (‘alucuhtcd Surface leoﬂ and Recharge

NCAStudy Team | WRRI
Code No. i Wadi Name Area § Total Rainfall §  Runoff Rocharge Runofi & Recharge | Ruroff & Recharge

_ (Kt (1,000m*yean)] (nfyean) | (m'/ycar). {m’yan) o) |

s36lTTTTI0300) 3071,810) 4818160 72000000 790,000
225 TP
L0
1933 ,

1489200, 1,

" Iwadi Amid

{Wadi Dahab

13,080; 6, 1,261,400 7,630,000

Tas7s90t 03000
210,270 2,195870]

501 220

. Issiol

_Wadi Om Adaw

_hel
PRI T, TPPP ' 50 wanmean bt
WadiAwega Uy asab L7l 231278)
Sub total 8 032 143,210:40,611,910
3. Western Block

" [Wadi £l Marikha

98,431,823 90’060’9@1

2598301 . pizogoel " 71,100,000
13,086,001
816,000)

iWadiGharandal | 9661 8691000

g |Wadi Wstand buMehaJal T L518000f 0
W-T | iWadiTal 5L 246 L00LISE 1,053,000{
3,183,950

W9 1Wadi Khaboha

(W11 {Wadi FI Garf

_iWadi Feiran

______ T140890;
- 3 529 550 . P - ST R
215350] 1,200, .. 1a16000]
0! 3663141 1,563, ... 1,930,000
280380 503 1,228,000

iWadilsta
Wach Thumn

Wadg R

| Wadi Om Mrikha o o
Wadi EtAteEIGabi | 109, 838 1 IR
“iSubtotal - ", 167.931112.278,201F 95,457,804 107,736,005 46,860,000
{Totel (A1D) 20571 311,141352.923,141F 153,244,689 206,167,830 136,920,000
C. Wadi El Arish (withinstedy area) | | e

6044 62,348 7,10 01 64,806,790
Cisubtotal N AL 150.213; 9,495,810 99,762,160: 109,258,000 118,500,000
Grand total (A+B+C) 291620 461,354162,413,981; 253,006,819 315.425,830] 255,420,000

) (\‘»’ad i Ruaq)
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— ~ Wadi Name

Rock Ty ype

ablc 2 3 2 l Ht of Recharge Facnllhcs

‘3_[5)[)0 Type

Nwmber:

Objcctives

\'\hdt Sudr

Wadl Wardan

W'tdl Gharandal

Wadi I leI

Wadi El Sidri

Wadi Feiran

El Qﬂ‘l Plain

Wadi Isla
Wadl £ Mh'lsh
Wadi Om Af.th

Wadi Kid

Wadi Dahab

Wadi Watr

I..stone, Marl

[..stone, Shale

" |S.stone, L.Stone,
JASand, Gravel i
S. slonc Granite,

_{L..stone, Marl,

lgncous Volcanic,

lstone, Marl,

Basement,

_|Volcanic

Igneous rock,

IS.stone

Igncous rocl\

fMetamorphic

Granite,

Basement,

Qualremary

Igneous, Volcanic,

.. {Metamorphic rock ! -
Wadi E} Arlsh

Lime stone

Basement, Shale

Basement, Shale

Ilat Detention

Detention

iversion
Diversion
Detention

Detention

Storage
Detention

V. stecp Storage

Detention;

V. steep

Detention

Dutcntlon
Storage

Detention

Storage

3

g

i i &

It
~3 H

U.cretaccous L.stone

_i& alluviumaquifers |

U.crclaccous L .stone

L qualcunry fan

L.cretaceous S stone

Li& Ugretaceous

{Storage

i..cretaccous S.stone

“i)..cretaceous S.stone
. i& quaternary aguifer

Quaternary reservoir
Storage

Quatemary aquifer

Storage

Quatcrnziry aqﬂifer

L.stone aqulfcr

Slor’ige
_iSstoneaquifer

Storage,

S.stoneaquifer
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2.3-3  Drainage and Catchment
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Socio-Feonomic Aspecls
Administration

Bgypt administratively consists of 26 Governorates, which are classified into four
geographical parts, namely, four Urban Governorates, ninc Tower Governorates, cight
Upper Governorates and five Frontier Governorates. South Sinai Governorate, the

project area of the current study, is one of the Frontier Governorales.

In South Sinai Governorate, there arc cight cities, as shown in the betow table.  Among
them, Iil Tur is the capital city of the Governorate. In the Governorate, however, (here
are no villages as legally called as local government wmnt.  Instead of villages, there are
several tens of Bedouin communities.  Yhe Bedouins are literally a nomadic desert
people, 50 some of them are still moving around in and out of the Sinai Peninsula.
Therefore, they do not always live in setiled communities, although the government
pushes on them to settle down in communitics. The scttled communitics are under
jurisdiction of the neighbouring cities. As of the 1986 census year, the number of
communitics is enumerated at 78, which are distributed as shown in the foltowing table.

| No. Nameof City | Number of Communities _
v v EBlTer b o n
2 | RasSudr ] 2
3 | AbuZepima V1
4 . AbuRudeis o H
5} SuCatherine b
6 | _ SharmElSheikh L 7
7 i Damab , 5
| 8 Neweiba |9
B fotal [ S £ S

Population

According to the 1996 census by Central Agency for Public Mobilisation and Statistics
(CAPMAS), Egypt had a population of 59.3 million. This population increased by
11.0 million as compared to the 1986 census.  During this decade, the average growth
rate was 2.1% per annum.

In South Sinai Governorate, a popu‘lmion in the 1996 census yecar was 54,495, This
population accounted for only 0.09% of the country.  Since the population was 28,929
in the 1986 census, the average growth rate was 6.5% per annum between the two

censuses. This growth rate was higher than that of the country, v.e., 2.1%.

-39



243

D)

Chapier 18 General Desciiption of Sty Area

Among cight cities in South Sinai, Bl ‘Tur City was the largest in terms of population.
Its population was 14,155 in the 1996 census.  The growth rate for ten years since the
last census was 8.1% per annum on average, which was larger than that of the
governorate average.  ‘The population in Shanm El Sheikh has increased at the highest
growth rate of 16.6% per annum,

More than fifly percent of Sinai’s population is said to be Bedouin.  While the majority
of South Sinai’s inhabitants are of Bedouin descent, their status has changed to urban
dwellers of inhabitants with increasing ‘urbanisation and sellement.  An urban
population of the governorate was counted at 29,323 in 1996, accounting for 54% of the
total population. The urban population grew at 0.9% per annum on average between
the two censuses, which was higher than the total population (6.5%). In particular,
Sharm Il Sheikh recorded the highest growth rate of 18.6%. On the other hand, the
governorate being predominantly rural had a rural population of 25,172, accounting for
46% of the total.  The rural population grew at 3.7% per annum on average.

With a population of 54,495 on 28,913'8 km? of a land area in South Sinai Goveinorate,
the governorate constitutes 2.9% of Egypt’s lo_tél land area but contains only 0.09% of
the national pepulation.  Then, a populélion dehsily of the govemorate was 1.9 persons
per km’ in the 1996 census.  The density of the country was 59.4 persons per ki’ in
the same year, so the governorate was scarcer than the country.  An average density of
the eight cities was 255.5 persons per km?,  The density of the respective cities ranged
from the largest one of 2,701.2 persons per km’ in Sharm It Sheikh to the smallest of
69.8 persons per ki’ in Dahab.

Ficonomic Activilies
Gross Domestic Product

Aller the start of the open door cconomic policy in 1974, an cconomic growth was
accelerated to average more than 9% for the second half of the decade. The real
growth of gross domestic product (GDP) kept high performance but gradually declined
for the 1980°s. In the first half-decade of the 1980°s, it recorded around 3% on
average. In the second half-ldccade; however, it was less than 5% according to the
International  Monetary Fund (IMI?) recording "an  annual average of GDP.
Performance since the 1990°s has been erratic because of the 1990/91 Gulf crisis and
structural adjustment.  ‘Thus, the real growth slowed down to 2.4% in 1990/91 and
2.0% in 1991/92 with the IMF records.

Egyptian government introduced an cconemic reform policy to stabilise the macro-
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economy and accepted the recommendation of IMF and the World Bank, “Heonomic
Reform and Structural Adjustment Program (ERSAP)” from 1990 to mid-1993. The
cconomie reform has proved successful and performed the modest real growth of GDP,
1.e., 2.5% in 1992/93 and 3.6% in 1993/94.

For these five years, GDP grew at the low rate of 2.5% in 1992/93 and at high rate of
5.3% in 1996/97, or an average growth rate of 4.0% per annum between 1991/92 and
1996/97. Per capita GDP grew at the low rate of 0.4% in 1992/93 and at the high rate
of 3.2% in 1996/97, or an average growth rate of 2.1% for the five years.

In 1997, the government published “The Fourth Five-year Plan of Economic and Social
Development (1997/98-2001/02). It proposes the economic prospect for the planning
period. The real growth is expected to grow at a rate of 6.9% per annum on average
during the planning period.

Agriculture

South Sinai Governorate is considered to have some development potentials for
increasing cultivated land, livestock and fish production owing to available natural
resources such as land and water resources.  In the Sinai Development Plan, South
Sinai is expected to bear more agricultural lands by means of development of
groundwater and runoft water including the construction of dams and dykes.

In South Sinai, the total amount of cultivated land arca was approximately 14,000
feddan (about 6,000 ha) in 1993. They are distributed in El Qaa Plain, Wadi Feiran,
Ras Sudr and Nuweiba. Most of them are under rainfed agriculture under intermittent
cultivation. Besides, some small areas are cultivated also under intermittent condition
in scattered wadi beds.  Sparse rainfall supports about 650,000 trees of date palms in
South Sinai Governorate. Morcover, traditional crops are fruit and vegetables such as
tomatoes, onions, watc_:rmelons, polatoes, squash, cucumbers, melons, green peppers,
beans, cauliflower, cabbage, carrots, spinach, letluce, eggplant, okra, garlic, globe
artichokes, cow peas, broad beans, olives, oilseed crops, wheat and barley. Their
production is not stable due to sparse rainfall.

The livestock production is traditionally very importamt for Sinai. Camel, goat and
sheep produce milk, meat, fibre, hide, and in the case of camel, provide means of
transportation. In 1993, the livestock population was enumerated at around 78,000
heads in total.

In 1993, Egypt landed 51,000 tons of fish from the Red Sea.” Almost all of this fishing
is conducted out of the Port of Sucz.  According to the Sinai Development Plan, the
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fish production in both North and South Sinai arcas was approximately 3,600 tons in
total.  In South Sinai Govemorate, its production was considerably small.  This is
because appropriate port facilities and vessels are lacking in the coastlines of South
Sinai Governorate, despite favourable conditions.

Mining

The petroleum sector is the most lucrative in the Sinai Peninsula.  Crude oil is
produced by Public Petroleum Company and private Petrobe! Company,  Besides oil,
the Sinai Peninsula has numerous arcas of known mineral potential.  In South Sinai
Governorate, the lots of important mineral deposits are reported.  In the governorate,
there are two public mining companies, which are located in El Tur and in Abu Zenima.

Industry

The industrial sector in South Sinai is still very limited, although it has a high industrial
dcvclopmcht potential owing to mineral resources.  According to Statistical Data Book
of South Sinai Governorate, there were only 60 manufacturilig establishments in 1996.
Of the total 60 establishments, 23 establishments or 38% were classified into petroleum
industry.  There was a small oil refinery factory on Wadi Feiran,  In 1995, it produced
a capacity estimated at 400,000 tons. Following to the petroleum industry, 20
establishments or 33% produced food products. Others were classificd in the fields of

(1) building material production, (2) mechanical and electrical éppfiance production and
(3) mineral products.

Tourism

South Sinai Governorate has a wide range of tourism resources. They are classified
into the following three types:

(I Recreational tourism, of which the tourist spots extend along the coast of South
Sinai Governorate.

(i) Coasts along Gulf of Aqaba and Guif of Suez for scaside recreational
tourism,

(if) St Catherine and its surrounding areas for moumntain climbing and
camping.

(iii) Descits in central Sinai for desert safari tourism.

(2) Cultural and religious tourism, which is developed in .archaeological and
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historical spots such as St. Catherine monastery, Gebel Musa, ete..

(3)  Scientific tourism, including the studies of tlora and fauna in St. Catherine and
Ras Mohamed National Park.

Despite the above tourism potentials, the present tourism is limited to the scaside
recreational tourism and the religious tourism in St. Catherine.  The number of tourists
to South Sinai Governorate reached 1.55 million tourist nights in 1995 and 2.55 miliion
in 1996. In 1995, there were 26 hotels with an accommodation capacity 10,436 rooms.
Then, an average hotel occupancy rate was 67% in 1996.

Infrastructure
Transportation

Egypt has a well-developed road system following an extensive modernisation and
expansion programme in the 1980’s.  In South Sinai Govemorate, there was 1,761 km
of paved roads in 1995.  This meant 20 inhabitants per km of paved roads, which is the
largest densily among 26 governorates in the country.  The network of paved roads is
classificd into a national network administered by the Ministry of Transport (Roads and
Bridges Authority or RBA), and a local network administered by local authorities.  For
the two decades between 1972 and 1992, 2,670 km of paved roads was constructed
throughout the Sinai Peninsula, which were administered by RBA.

South Sinai is well endowed with air transpor! system.  There are nine airports in the
governorate.  In terms of port, there were few port facilities in the past.  The access
from tand to sea and sea to land was mainly from the beaches or from small piers. At
present, protected harbours with ancillary facilitics on shore are installed at El Tur, Abu
Zenima, Abu Rudeis and Sharm El Sheikh.

Electricity

The electric power loads onto the respective power stations in South Sinai Governorate
were 20.1 MW in 1993/94. The loads in Sharm El Sheikh recorded the largest (12.5
MW) among the existing power plants.  The power planis were located in six citics in
the same year. The total maximum capacity of electric gencration was 82.4 MW.
Thus, it still seems to have power capacily enough to cover the future increasing power
demand.

In 1996, the total power consumption in South Sinai Governorate was recorded at
17,280 MWh per annum.  This means a per capita consumption rate of clectric power
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was around 317 KWh per anmum, since the population was cstimated at 54,495 in the
1996 census.

Water Supply and Scwerage

Potable water is a key factor in scttlement in the Sinai Peninsula.  The Nile River is
considered a main source of potable water in the peninsula. At present the waler
reached to El Tur from Suez via pipeline of 600-mm diameter. [t is being extended to
Sharm Fl Sheikh.  Subsidiary pumping stations arc installed along the: pipeline to
ensure that water reaches its destination with the required quantity and pressure.

The potable water demand in South Sinai Governorate was estimated at 5,640 m*/day in
1993/94. On the other hand, the existing capacity of water supply was 5,500 ny/day.
Thus, 140 m*/day of potable watcr was deficit.  This shortage was partly overcome by
artesian stations and small portable filtration unmits using well water.  In the same
manner, about 500 m’/day of sewage treatment capacity was deficit in total.

According to the Statistical Data Book of the South Sinai Governorate, the total water
demand for all consumers was estimated at 17,400 m’fday_ in total in 1996. On the
other hand, the existing production capacity of water supply was 18,400 m’/day. Thus,
around 1,000 m*/day of potable water was surplus.  In four cities, however, the supply
capacity was insuflicient. They were Nuweiba, St Catherine, Abu Rudeis and Abu
Zenima in order of deficit volume.

Telecommunication

The telephone service is not adequate for modern business and administrative
requirements.  Each city is linked to the national telephone networks. The telephone
exchange has reformed into automatic system even in South Sinai Governorate.  The
telephone exchange system has been improved abruptly in setilement program in South

Sinai. In 1996, the telephone exchange lines increased to 14,200 in South Sinai
Governorate.

Education

As of school year 1995/96, the number of school classes of pre-university education and
their enrolment in South Sinai Governorate was recorded as follows.  Hence, the pre-

university education includes primary, preparatory and secondary levels:
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ftem

i General i AbAshartl | Totl
Number of Clagsroom 1 491 ¢ 93 PS8
Number of Students L9032 i 1064 o 10096

Note: *1 Education system based on 1slamic doctrinc.

In terins of high education, there is one institute in South Sinai Governorate in 1995, Tt
had an envolment of 1,056 students,

Health

In 1996, there were nine hospitals in total in South Sinai Governorate.  The hospitals
had 104 physicians and 333 beds. A bed capacily rate of hospital was 6.1 beds for
1000 population.  In the same year, the national average rate of the bed capacity was
2.0 beds for 1000 population. The level of the bed capacity rate in South Sinai was
considerably higher than that of the country.

Bilharziasis discase is one of the most popular endemic discases in the South Sinai
Governorate as well as Egypt.  In 1995, 3,931 patients of bilharziasis disease were
recorded in the governorate. Among them, 2,139 patients were suffered through urine
and the rest was through stool.

Financial Situation

Public Finance

The government has a chronic financial deficit problem for a long time.  In order to
reduce this deficit, the government makes all possible efforts. It conducted an overall
review of expenditure items, in particular subsidy cuts to reduce public expenditures.
It also conducted tax reform including sales tax and energy tax to increase public
revepues. Furthermore, it undertook the fiscal liberalisation, such as removing the
nominal ceilings on interest rates and foreign exchange controls for allowing
unrestricted international capital mobility. Besides them, it has freed the prices of
atmost all-industrial products, removed almost all non-tariff bacriers for promotion of
external trades, and promoted privatisation for leading the government’s reform agenda.

In fact the fiscal deficit has been reduced owing to the economic reform. The deficit was
LE17.0 billion in 1990/91. It went down to LE 6.2 billion in 1991/92 and 1o LE2.3

* billion in 1996/97, although it showed stightly to go up to LE3.0 biltion in 1995/96. In

expenditure side, the subsidies decreased from LE7.2 billion in 1991/92 to LE3.3 billion
in 1993/94 or down to less than a half for the ts'\-‘o years, although afterwards it was
reversed gradually to go up to LE4.3 billion in 1995/96.- Tn the revenue side, the tax
coverage ratio against the total expenditures has been increased from 51% in 1991/92 to
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60% in 1995/96.

The state budget has been set up with an aim of lowering the overall deficit.  The fiscal
deficit could be verified through its ratio to GDP,  As a result, the ratio was reduced
from 4.7% in 1991/92 to 0.9% in 1995/96. In the same manner, the ratio of
expenditure to GDP also decreased from 36% in 1991792 to 27% in 1995/96.

Balance of Payment

Egypt used to have large deficits on the current account.  Since 1990, however, it has
recorded its cwrrent account surplus, despite the large teade deficit.  The main factors
of this surplus were large inflows on the export of services and posilive net transfers.
The large parts of these services mainly consist of tourism as well as Suez Canal
carnings.  The net public transfer has kept high level traditionally.  This is because the
high level of gross development assistance from OECD and OPEC member countrics,
although the level is declining these years. The contiliuing strength of remittances
from expatriate workers, however, has offset the declining public transfer to keep the
net transfer high.

The government promotes foreign investment in Egypt and revised the investment law
in 1989, In 1992, it announced further promotion policies to atteact additional foreign’
investment.  Thus, the direct investment increases gradtlaily. Besides, the total
inflows of loans have decreased for these years allhbugh Egjfpt was one of the most
heavily indebted countries in the Arab world.  Egypt’s debt to private creditors remains
small.  Anyhow, the amortisation is still heavy for the capital balance. As a result,
the country has kept the capital-account deficit.  Accordingly, Egypt has not been
stable in balance of payment.

Foreign Assistance and Debt

Gross receipts of official development assistance (ODA) from OECD, Arab countries
and multilateral agencies aggregated to US$ 16.5 billion for the recent four years and
averaped US$4.1 billion per year between 1990 and 1994,

An average annual receipt of ODA accounted for approximately 26% of an annual
expenditure of the governments on average in the same period. It ranged from
maximum 36% in 1991 and minimum 14% in 1994,

In 1994, the total external debt was USS$ 33 billion, accounting for 59% of GDP
(approximately USS$56 billion equivalent). In 1994, the outstanding of long-term debt
was US$31 billion. The total debt-service was USS$2.3 billion, comprising US$0.9
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billion of principal repayment and USS1.4 billion of interest payment.  Thus, the debt-
service ratio decreased to 14% in 1994 from 23% in 1990.
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Favironment
Flora and Fauna

Flora

Vegetation in South Sinai is generally scarce under a desert climate.  Grass grows up
temporally after rain along wadis and gullies.  Larger acacia trees are also dotted along
some of the wadis.

Nevertheless, flora of total 480 species is recorded in South Sinai, 389 specics in these
belong to rare species, which have a limited distribution.  Out of these, rare species are
31 endemie, 23 endangered, 16 vulnerable, and three (3) “extinct™ species.

Gebel Catherine, Wadi El Arbaeen, Gebel Musa, the surrouhdi'ng of the famous
monastery and the Wadi El Deir are extraordinarily rich in species with a considerable
amount of endemic. There arc also several endangered and vulnerable species.
About 36.1 % of the endemic species are recorded from Gebel Catherine and the Wadi
El Deir. Morcover 54.5 % of the endangered and vulnerable species are found in
Gebel Catherine, Gebel Musa and the Wadi El Deir.

Fauna

The mammal fauna of South Sinai includes only seven (7) orders composed of 16
tamilies, 26 genera and 34 species.

Maminals

Endangered species of wild mammals include Caracal caracal schmitzi (Caracal),
Panthera paradus jarvisi (Leopard), Capra ibex nubiana (lbex) and Gazella dorcas
{Dorcas gazelle). Vulnerable species include Jaculus orientalis (Greater Lgyptian
jerboa) and Procavia capensis syriaca (Hyrax). 11 species were found to be rare:
Two (2) of them are threatened, that are including flyaena hyaena dubboh (Striped
hyena) and Felis sylvestris tristrami (Wild cat).

Birds

There arc some 264 species of birds that have been recorded in South Sinai on a
temporary transient basis; either on migration during spring and autumn, or as winter
visitors. There are also about 50 species of birds known to breed in South Sinai.
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45 species of herpetofauna is recorded in South Sinai.  There is not any endemic
species of herprtofanna in South Sinai, however 14 species are restricted (o Sinai in
their distribution in Egypt.  Most of these species arc found in the core arca of the
protecied arca,  Uromastyx ocellatus ornatus (Omate dabb-lizard) and Derntochelys
coriacea (.eatherback) in these species are endangered species.  Especially, Caretta
caretia {Red-brown loggerhead turtle) and Chelonia mydas (Green rile) had been

exposed to severe collection for exportation before designation of protected arca.

Sea Flora and FFauna

180 specics of Fish is recorded in the Gulf of Aqaba.  These species belong to 106
genera, S5 families and 15 orders.  Ras Mohamed area has the largest number of fish
specics, being 172 species, followed by Abou Galoum which includes 54 species.
Then, Nabq has the lowest number of 42 species.

Also, 56 coral species belonging to 16 families is recorded in the three sites of Ras
Mohamed, Nabg and Abu Galum; 32 species in Ras Mohamed, 27 species in Nabq and
33 in Abu Galum.

Population and Residential Areas

Population of residential area in South Sinai is estimated at 39,009 m 1996. The
population growth of 1! years (1986 to 1996) shows 10,021 and the population growth
rate have gone up by _34'.6 %. The majority of residential areas are located along the
coastal line of the Gulf of Suez and Gulf of Agaba. Fl-Tur is the largest scttlement in

population size and St. Catherine is also an only large seitlement in the mountain area.
Economic Activities
Economic activities in South Sinai are represented by tourism and agriculiure.

The traditional agriéu_lture in this arca has been practiced for long time.  However,
several decades ago, irrigated farming was introduced to the area, particularly to the St.
Catherine area. The size of agriculture lands was estimated at 480 feddans in 1979,
however, it increased to 1,400 feddans in 1994.

‘The irrigated crop production distributes mainly in the coastal arcas of the Gulf of Suez
and the Gulf of Agaba, particutarly in El Tur, Abu Zenima, Dahab and Naweiba areas.

The primary crops are olives, almonds, palms, vegetables and fruits.
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Historically, tourism in South Sinai was limited to religious purpose.  St. Catherine
with its famous monastery and Gebel Musa have been aimed for long time.

At present, tourism is distributed mainly in the three purposes of sightseeing, nearby
complementary resources, and swimming and diving in resorts.  St. Catherine is a
world-class cultural, sightsecing resource with its famous monastery and Gebel Musa.
Also, the coastal areas of the Gulf of Sucz and Guif of Agaba have been functioned as
resort of swimming and diving. In fact, these arcas arc blessed with rare marine,
terrestrial flora and fauna, pleasant climate, cultural resources and visual resources.
The number of tourists has increased in this several decades.

Other production activities are industry and mining. Petroleum industry (oil and gas)
constitutes 25 % of the national petroleum industry.  Petroleum industry is distributed
in the coastal area along the Gulf of Suez.

Ruins and Cultural Propertics

Significant ruins and cultural properties in South Sinai concentrate into three areas of St.
Catherine Area, Feiran area and Serabit El-Khadim area.

The monastery of St. Catherine is located in a valley at-the foot of Gebel Musa; and it
has been a center of Christian worship trough over 1,600 yéaré, containing one of the
worlds® most ancient and important monastic libraries. In inscfipli'ons of Feiran Area,
the most imposing example is in “Wadi Mukattab” i e. “Valley of the ]l‘lSLI‘lpthﬂ and
the inscriptions in South Sinai are a source of information especially on the ancient
mining and expedition system.  Also, the temple of Scrabit El-Khadem is one of the
very few Lgyptian temples constructed outside the Nile Valley.

Organization and Distribution of Tribes

Original population in Sinai is Bedouins. The population of Bedouin in South Sinai
was estimated at 24,000 in 1996.  Bedouins consist of several tribes.

In the latest 20 years, some activities have been newly introduced to the area and are
practiced by the Bedo.u'ins. These activities consist of irrigation agriculture, guide for
tourists and ﬁshing. New ecdnqmic activities have increased Bedouin’s income and
have changed their life styles. Nowadayé, they live in concrete blocks-made houses
and buy various kinds of goods, visit doctors in Suez or Cairo, send children (o school
in E1 Tur or Nuweiba to continue their education.
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Protected Area in South Sinai

In total 16 protected arcas of Egypt, five (5) protected areas in South Sinat was declared
under the Law No. 102 as shown in Fig. 2.5-1.  They are;

(1) Ras Mohamed National Park
{2) Nabq Protectorate

{3) Abu Galum Protectorate

(4) Saint Catherine Protectorate

(5) Taba Proteclorate

The Ras Mohamed Nationa! Park with an arca of 480 km’ is the first and only national
paik in Egypt. The park includes marine and terrestrial areas at thc Ras Mohamed
peninsula, the island of Tiran and all shorelines to the highest annual tide between the
main Sharm ¢! Sheikh harbour and the southern boundary of the Nabq.

The St. Catherine Protectorate (declared in 1987) has the widest area and includes the 6-
ceﬁlury monastery and the surrounding area. The characteristic of this area is very
rugged High Mountain of Gebel Catherine {2,642 m), Gebel Musa (2,285 m) and Gebel
Umm- Shaumar (2,586 m). These mountains have the highest elevations in Egypt.
Therefore, flora and fauna are rich and include a large number of valuable and rare
species.

The Nabq Protectorate and the Abu Galum Protectorate were declared in 1992, these
protectorates are located along Guif of Agaba
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3.2

3.2.1

Ceneral

Groundwater aquifers in South Sinai appear in the following geological units;
(1) Quaternary Deposits
(2)  Upper Cretaccous Sedimentary Rocks
(3)  ELower Cretaceous Sedimentary Rocks

{(4)  Precambrian Basement Rocks

Previous studies have been executed in the limited arcas such as El Qaa Plain, Wadi
Feiran, Wadi Gharandal and Wadi Sheira, and scarce study has been carried ot in the
central platean arca (Egma and Bl Tih Platcaux). ‘Therefore, most of attention was

paid to the central plateau arca and wadi arcas in this study.

As the results of the Study, well inventories of water sources and a senies of
Groundwater Resources Maps were prepared to evaluate the groundwater resouwrces in
South Sinai.  Simultancously, the Hydrogeological Map and Groundwater Resources
Livaluation Map for North Sinai were updated based on the new data obtained since
1992 when the previous Study was completed.

Well Inventory and Existing Database
Well Inventory

A database system was constructed by WRRI during Sinai Groundwater Resources
Study (SGRS). In order to supplement the database, a scries of inventory survey was
carricd outl by the JICA Study Tecam. Newly surveyed arcas are Wadi Sudr, Wadi
Gharandal, Wadi El Gatf, Wadi Babaa, the castern side of the El Qaa Plain, Wadi Kid,
Wadi Zaghara, Wadi Nasb, Wadi Dahab, Wadi Zalaga, Wadi Saal, Wadi Taba and the
upstream of Wadi E! Arish.

‘The survey covered a tolal of 454 water points consisting of 157 cased wells, 256 dug
wells and 41 springs in 16 different areas.

Well Inventorics of groundwater sources in South Sinai were cstablished as a result of
the survey. ‘the inventories are presented in Table 3.2-1 to 3.2-17.  Location maps
for them are presented in Fig. 3.2-1 10 3.2-17.

In addition, supplementary survey in North Sinai was also carricd out during the Study
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period to update the Hydrogeological Map and Groundwater Resources Map for North
Sinai prepared in 1992, For reference, revised inventorics of éxisling wells and
newly constructed wells aller 1992 in North Sinai are presented in Table 3.2-18 and 3.2-
19, respectively.

iixisting Database

WRRI has been used two (2) types of database software (BADGE and CHRONO)
developed by BRGM for management of groundwater data.  The BADGE manages
time independent data such as lithology and technical data relating to wells and springs,
and is available to deal with statistics, mapping and listing. The CHRONO manages
time series of chemical data and water levels, and makes their lists and graphs.

New system, Maplnfo, has been introduced in WRRIin 1998, 1t is a kind of simplified
GIS (Geographical Information System) and is enable to link with database.
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