R U ST

S e

' JAPAN INTEHNATIONAL COOPERATION AGENCY {JICA}

‘WATER RESOURCES HESEARCH iNSTITUTE
'NATIONAL WATER RESEARCH CENTER
- MINISTRY OF PUBLIC WORKS AND WATER RESOUHCES

L 'THE ARAB REPUBLIC OF EGYPT

© SOUTH SINAI GROUNDWATER RESOURCES STUDY
~ THE ARAB REPUBLIC OF EGYPT

s is’xscumESU.MMAﬁ‘?' .

oy " MARCH 1999
oy J (f\ LIBRARY

1IMMIWM\I ]

J 1149743 [5]

B PACIFIC CONSULTANTS INTERNAT%ONAL TOKYO |
IN ASSOCIATION WITH U |
SANYU CONSULTANTS mc TOKYO |

8§58

CR) |

NE 98-061







JAPAN INTERNATIONAL COOPERATION AGENCY (JICA}

WATER RESOURCES RESEARCH INSTITUTE

NATIONAL WATER RESEARCH CENTER

MINISTRY OF PUBLIC WORKS AND WATER RESOURCES
THE ARAB REPUBLIC OF EGYPT

SOUTH SINAI GROUNDWATER RESOURCES STUDY
IN
THE ARAB REPUBLIC OF EGYPT

EXECUTIVE SUMMARY

MARCH 1999

PACIFIC CONSULTANTS INTERNATIONAL, TOKYO

IN ASSOCIATION WITH
SANYU CONSULTANTS INC., TOKYO



L

In {ﬁig}gﬁgﬁ: Ergjicct costs are estimated based on March 1998 prices with an exchange rate of
US$1.00 = Egyptian Pound (1) 3.39 - Japanese Yen ¥ 128,69

TSI TR

|
i
1149743 (5]

€



PREFACK

In response to a request from the Government of the Arab Republic of Egypt, the Government
of Japan decided to conduct a master plan study on the South Sinai Groundwater Resources Study and
entrusted the study to the Japan Internationat Cooperation Agency (JICA).

JICA sclected and dispatched a study team headed by Mr. Yasumasa YAMASAK], Pacific
Consultants Intemational (PCI) and consist of PCI and Sanyu Consullants Inc., to Egypt five times
between March 1996 and March 1999.

The team held discussions with the officials concerned of the Government of Egypt, and

conducted ficld surveys at the study area.  Upon returiting to apan, the team conducted futther studies
and prepared this final report.

1 hope that this report will contribute to the promotion of the project and o the enhancement of
friendly relationship between our two countries.

Finally, | wish to express my sincere appreciation to the officials concerned of the Government
of the Arab Republic of Egypt for their close cooperation extended to the Study.

March 1999
' .. \'ﬁ'ﬁ— e
/Qﬁ-&% O prlt e
Kimio FUJITA
President

Japan International Cooperation Agency






SOUTH SINATGROUNDWATER RESOURCES STUDY
IN
THE ARAB REPUBLIC OF EGYPT

March 1999

Mr. Kimio Fujita

President
Japan International Cooperation Agency

Dear Sir,
We arc pleased to submit the final report eatitled "SOUTH SINA1 GROUNDWATER
The Study Team has prepared this report in accordance with the contract

RESQURCES STUDY
between Japan International Cooperation Agency and Pacitic Consultants International in association

with Sanyu Consultants Inc.

Fhis report presents the results of the evaluation of the groundwater resources development
In addition, a set of hydrogeological map and

potential and the groundwater development plan.
eroundwater resources evaluation map of whole Sinai Peninsula were prepared as “Water Resources

Maps” and submitted herewith.

All members of the Study Team wish to express grateful acknowledgments to the personnel of
vour Agency, Ministry of Foreign Aftairs, and Embassy of Japan in Egypt, and also to oflicials and
¢ Team.  The Study

. } v S s
- individuals of the Government of Egypt for their assistance extended to the Study Team
leam sincercly hopes that the results of the study will contribute to the implementation of NPDS

{ National Plan for Development of Sinai) and other relevant projects

Yours faithlully,

? !

sumasa ‘:’A\IASAKI

Team Leader
South Sinai Groundwater Resources Study

in The Arab Republic of Egypt
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Background of Study

Egypt is mainly covered by desert and only 4 % of its land is arable, mainly the atluvial plain of
the Nile and its delta.  In order to cope with the rapid population increase and urbanization,
MOICOver, the controlled international water right of the Nile, the government of Egypt has been

pressed into the devclopment of the Sinai Peninsula based on the “National Plan for
Development of Sinai” (NPDS) from 1994 to 2017.

Non. Mediterisnean Se?
'\\ - Ml !ﬂ,d\“{:lﬁfr"\ ’\ = ";C ‘:';s:.‘u::‘( JORGAN
Thete are three alternatives of water sources for | k% L
Sinai  Development, namely, (1) Nile water | | ' N | .
. . ! 0 L Y
transmission, (2) Groundwater development and (3} | f-'é:‘:‘.‘.\
.. - : H THE ARAB REPLBLIC
Desalination of seawater. The second one has so | ¢ OF EGYFI %
. . qi v
much unknown information that it is indispensable |a! N %
ali : . s | N
to evaluate the petential of groundwater resources | | " Y
1 ..
for the development of the Sinai Peninsula. E \,f;‘ \

< Location map of Study Arca >
The potential of groundwater resources in the Northern part of Sinai was estimated within the

“North Sinai Groundwater Resources Study” conducted by Japan International Cooperation
Agency {HICA) in the period between 1988 and 1992, However, the potential of groundwater

resources in South Sinai has not been cvalnated because the available data were limited.

Under these circumstances, the Govermment of the Arab Republic of Egypt requested the

Government of Japan to conduct a water resources development study for South Sinai.

Study Area

The study area covers the South Sinai Governorate (approximately 34,000 km’) as shown in

the opening page (location map of Study Arca).

Obiecti { Stud
"The main objectives of the Study are listed as lollows;

(1) To prepare a series of water resources maps to evaluate groundwaier potential in South

Sinat.



Outline

(2) To formulate water resources development master plan in South Sinai.

(3) To perform the technology transfer to Bgyptian counterpart personnel in the courses of
the Study.

(4) o up-date the hydrogeological map of North Sinai basically based on the data prepared

by WRRI (Water Resources Rescarch Institute),

Conclusion

(1) Through the Study, Hydrogeological Map and Groundwater Bvaluation Map has been
prepared covering the both South Sinai and North Sinai. (Refer to frontispieces and printed
maps) These investigations included the following:

a) Revision of the Geological map for South Sinat.

b) Preparing a complete inventory for all the existing wells in the study area.

¢} Conducting geophysical surveys, which resulted in the preparalion of geoelectric,
profiles for Egma and E! Tih Plateaux, El Qaa Plain and Major wadi arcas, and the

delineation of the basement of the Lower Cretaceous in the Central Sinai zone.

d} A total of 6351m of test wells were drilled concentrating mainly in the El Tih and
Egma plaicau where no test wells had been drilled before.  The well drilling
program included observation of stratigraphy, pumping tests, water quality analysis,

age dating analysis, grain size analysis and fossil analysis.

The compilation of the above mentioned two maps is the main and most important
output of this Study because they serve as the basis for any future groundwater
development and insure efficient use of investment in this field.

{2) The study concluded that the groundwater volume in the Main Block of the Lower
Cretaceous aquifer is about 100 billion cubic meters of good quality water (TDS less
than 1500 mg/l, drinking water quality). Hydrogeological analysis and age dating
analysis revealed that this water is non-renewable fossil water. ~ Istimating that about
14% of this stored water could be tapped for consumption, the available resources could
meet the water demand level of the target year of NPDS of about 50 x 10° m*/year for
more than 280 vears. |

(3) Due to the importance of the équifcr in the E Qaa Plain because it is the main water
resource for the South Sinai Capital of £l Tur City, detail investigation of that aquifer

1
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Outline
was made including computer simulation. - The results of the study revealed that due to

the limited recharge of that aquifer, it could meet the water demand level of El Tur City
in 2007 without serious saline water intrusion.  Water demand beyond that level shoutd
be met through as water resources such as Nile water or desalination of scawater.

A water development scherae based on the water demand of the NPDSis proposed.
Preliminary investigation of the feasibility of the proposed projects has been conducted.
Although the results of the feasibility show that the EIRRs for the proposed projects are
rclatively low, this does nat mean that the proposed projects should be discarded. In
arid zones such as Sinai, the availability of groundwater resources could be one of the
most important factors for the exccution of the projects.  Since the Study concluded
ihat groundwater development potential of the Quaternary aquifer in El Qaa Plain and
the Lower Cretaceous aquifer could meet the water demand of NPDS, the proposed
projects are worth to cxecute as basic infrastructure for NPDS,

An Initial Environmental Examination was conducted for the proposed projects which
revealed that the implementation of the proposed projects will not seriously affect the
environment and thus an Environment Impact Assessment is not required.

Existence of a new groundwater aquifer has been confirmed at the southemn reaches of
El Qaa Plain.

Recommendations

()

)

3)

@

New groundwater aquifer was confirmed in the south El Qaa Plain. However, its
distribution and hydrogeological features shall be studied in detail.

Detailed feasibility study including the assessment of the water supply impact on the
NPDS should be started as soon as possible. Such study should cover both groundwater
and surface as well. The study should include the establishment of groundwater
monitoring system to avoid excessive extraction. The study for wastewaler tecatment
and disposal should be also included in the schemes,

The availability of good quality groundwater at Central Sinai should encourage the
settlement of Bedouin in that arca.  This in retum will have a very positive impact on
the living standards of these people. More comprehensive plans should be prepared
for the Bedouin setilement in central Sinai.

Number of production well is increasing in both South and North Sinai. They are
tapping groundwater in the Lower Cretaceous Aquifer. Groundwater in the Lower
Cretaceous Aquifer is essentially of fossil water although a little recharge is expected

1l
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from the surface water,  Groundwater development of the Lower Cretaccous Aquifer
will lcad recession of groundwater level.  Considering this situation, groundwater
development in Sinai shall be carried out under proper control system. 'lispccially,
careful attention shall be paid to the change of groundwater level in the development.
From this point of view, groundwater level monitering shall be properly continued using
automatic water gauges installed in the Test Wells.

v



Sunmmary
SUMMARY
L INTRODUCTION
1-1 Background of Study
Egypt is mainly covered by desert and only 4 % of its Jand is arable, mainly the alluvial plain of
the Nile and its delta. In order to cope with the rapid population incrcase and urbanization,
moreover, the controlled international water right of the Nile, the goverament of Egypt has been

pressed into the devclopment of the Sinai Peninsula based on the “National Plan for
Development of Sinai” (NPDS) from 1994 to 2017,

There are three alternatives of water sources for
Sinai  Development, namely, (1) Nile water
transmission, (2) Groundwater development and (3)
Desalination of scawater. The second one has so
much unknown information that it is indispensable

THE ARAR REPLBLIU

OF EGYPY
to evaluate the potential of groundwater resources

for the development of the Sinai Peninsula,

The potential of groundwater resources in the
Northern part of Sinai was ¢slimated within the

< Location map of Study Area >

“North Sinai Groundwater Resources Study” conducted by Japan International Cooperation
Agency (JICA) in the period between 1988 and 1992.  lowever, the potential of groundwater
resources in South Sinai has not been evaluated because the available data were Limnited.

Under these circumstances, the Government of the Arab Republic of Egypt requested the
Government of Japan to conduct a water resources development study for South Sinai.

1-2 Study Arca
The study area covers the South Sinai Governorate {approximately 34,000 km?’) as shown in
the opening page (location map of Study Area).

1.3 Obiecti £ Stud
The main objectives of the Study are listed as follows;
(1) To prepare a scries of water resources maps 1o evaluate groundwater potentiat in South
Sinai.
(2) To formulate water resources development master plan in South Sinai.

(3) To perform the technology transfer to Egyptian counterpart personnel in the courses of
the Study.
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(4) Vo up-date the hydrogeological map of North Sinai basically based on the data prepared
by WRRIE (Water Resources Research Institute).

2. GENERAL DESCRIPTION OF SOUTH SINAI
2-1 Geomorphology

Geomorphology in South Sinai is divided into eight (8) kinds of topography: (1) Sinai Plateay,
(2) Et Tih Plateau, (3) Egma Plateau, (4) Sedimentary Hills, (5) Basement Hills, (6) Flat Plain,
(7) Alluvial Fan (including Ll Qaa Plain) and (8) Terrace. The highest peak rises on the Gebel
Catherine at 2,641m ASI..

2-2 Geology

Geology in South Sinai is classified as (1) Precambrian Basement Rocks, (2) Paleozoic
Formations, (3) Mesozoic Formations and (4) Quaternary Formations. The Mesozoic
Formations include the Lower Cretaceous Formation and the Upper Cretaceous Formations.
General situation of geology in the Sinai Peninsular is shown in geological cross section (north
to south) below.

Meditemancan
Sea Lake Gebel  Gebel Tih
Bardawil Maghara Yiallaq Plateau Mount Sinai Red

Lower
Cretaceous

Crefa-Upper

oot Lower

1 i Carboniferous I:rnes!om\ 1

M; . / with manganese ofe volcanic dikes
Faleazoie P: /4 ¥ y

Frecanbrian

[ 4] Crystaltive Sandstone 7= shate o vimestens

basement complex
Faults

= Quaternaty Cu = Upper Crelacoous J = Jurassic Pz = Paleozcic
Ol-Mi=Oligocene/ Miocene €1 = Lower Cretlaceous Tr = Triassic

< Geological Cross section of Sinai Peninsula>
{Rose? und Wolfgang Jahn (1997): Sinat and the Red Sea)

(1) Climate
The climate of the Sinai Peninsula is characterized by desert areas. Outline of it in the

Study arca is listed as following table by monthly average parameters at Nakhl, St.
Cathering, Sharm Bl Sheikh and Nuweiba. It includes extreme aridity, long hot rainless
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summer months and mild winter.  During the winter months some arcas of Sinai
experience briel but high intensity of rainfall that makes wadi beds to overflow and
somctimes causcs severe flush floods which damage the roadways and human lives.

(2) Hydrology
1) Hydrological condition
There is no natural strcam in Sinai. The only source of fresh water is rainfall in the wet
season. The hydrology is governed by the surface water flow through the wadis due to
the rainfall depth, duration and intensities.

<Quline of Climate in South Sinai>

Temperature (°C)| Humidity (3%) Evaporation Wind Speed Sunshine
{mm/day) (m/sec) {hr/day)
é} Min. | Max. | Min. | Max Min. | Max.| Min. Max, | Min. | Max,
i Nakbl 9.6 309 37 L - - 29 14 - -
2 Jan. | Aug. Jun. Feb. - - Jul, Dec. - -
St &5 249 26 45 5.9 17.7 3.6 5.4 )
Catherine | 3an, | Jun. | Apr. | Feb. | Dec. | Jul. | Dec. Feb. -
Sharm  El - - - - 11.6 2538 - - - -
Sheikh - - - - Jan. Jul. - - b - -
Nuweib - - - - - - - . 75 1 124 |
ivetbd : - - . N - ; Jan. [Juo.dui,

2) Analysis of rainfall
The highest daily and annual rainfall was found as 76.2 and 123.2 mm in Sf. Catherine in
1937. In the recent years daily rainfall varies from 10 to 35mm and annual average
varies between 7 to 33mm.  Annual average sainy days (of more than Smm) are very fow,
varies | to 3 days only. The intensity is very high and duration is very short.

0

3) Drainage catchments
The study area is divided into 40 drainage catchments (16 in castern block and 24 in

western block).  Total area is 29,162 knt’. inctuding El Arish catchment.

4) Major and active wadis
Although there are 40 wadis in the area, a few of them are active. They are W. Watir, W.
~ Feiran, W. Sudr, W. Gharandal, W. Sidri, W. Dahab, W. Garf, W. Kid etc. In floods, they
cause damages to the road communication systems and sometime to the human lives.

5) Surface runofT
Main wadis experience flood once in two years. Surface runofl has been calculated
using existing study results. The average annual surface runofl from the castern and
western blocks was estimated as 52.92x10° m¥year and about 9.5 x10° m*/y¢ar, from the

3



W. Bl Arish totaling 62.42x10° m¥year.

rainfall,

6) Calculation of recharge amount

Surmmary

This amount is equal to the 14% of the annual

Amount of recharge was calculated sublracling the assumed evaporation loss and surface
runoff from the total amount of rainfall, According to the calculated highest ratio of
rccharge amount was found in Bl Arish calchment, which is about 67% of rainfall
followed by the western and eastern blocks, 57 and 31% respectively,  In the whole study
area, the average annual shares of recharge, loss and runoff are 253 x10° nﬁyear, 146 x10°
m/ycar and 62 x10°m¥/year, respectively.

2.4 Socio-economic Condition and Prospect
The following socio-cconomic items are sammarized on the basis of the latest information and
data collected in the Study.

< Socio-Ecanomic Condition >

Population Awa o _Population Average Growth Rate
1996 Census  Egypt 59,9,272,392 2.1% (86-96)
South Sinai 54,495 6.5% (86-96)
2017 (NPDS) South Sinai 676,600 13.1% (1994-2017)
National Economy  ftem . Amewnt Real Growth Rate
1996 (Actual) GDP LB225 Billion 4.9% (1994/95-1995/96)
GDP per Capita LE 3,840 {USt1, 130) 8% (1994/95-1995/96) |
2002 (Prospect)  GDP LE 335 Biltion (1998 cons{anl) 6 9% (1997/98.- -2001/02)
o __GDP per Capita LE 5,000 (JS$3,470) 4.8% (1997/98-2001/02)
Inflation Consumer Price 196 (Annuat) Nov. 1996 - Nov. 1997

Wholesale Price

Foreign Trade

3.3% (Annual)

Sept. 1996 — Sepl. 1997

Export LE 12 Biflion Oil, Cotton, Fruits, Garment, etc.
1996 Import LE 44 Billion Foods, Machines, Chemicals, ete.
o Balance _LE -32 Biftion '
Major Itemsof Ol & Its Products LE 5 Billion 37% of Bxport
Foreign Currency  Suez Canal Dues -LE 6 Billien 20% of Ser'vicc.'Export
Earning Tourism LE 10 Billion 32% of Service Export
1996 Private Transfer LE 9 Billion 75% of Transfer
i ODA (Grant) LE 3 Billion 25% of Transfer
Public Finance Revenue LE 61 Billion ;l‘ax Revenue: 38 Billion (63%)
1995/96 Expenditure LE 64 8illion 8% of GDP
4 _Balance LE -3 Billion . 1.3%ofGDP
Household Economy JAvea o ..._Annual Expenditure _Housing & Utility Expenditure
1995/96 Survey  Egypt LE 6,660 LE 660
Sinai LE 5,850 LE 850
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2.5 Present Condition of Lnvironment
South Sinai has a desert climate and its vegetation is scarcee under the climate.  Grass grows

up temporatly afler rain along many wadis and gutlies. 480 specics of flora in all including

pteridophyta, gymnospermae and anigiosperniae are recorded and 389 of (hem are rare species.

*  Mammal: 34 specics of Mammal fauna in South Sinai which include Caracal, Leopard, thex
and Dorcus gazelle arc recorded as endangered species.

¢ Bird: There are 264 species of birds and approximately 50 specics of them breed in South
Sinai.

¢ Replile: total 45 specics of Herpetofauna are recorded in South Sinai and 14 of them are
restricted (o Sinai in their distribution in Egypt.

+  Fish: Total 180 fish species are recorded in the Gulf of Agaba and 95% of tham can be seen
around Ras Mohamed arca.

¢ Coral: 56 Coral Species are found in the three (3) sites, namely, Ras Mohamed, Nabq and
Abu Galum,

e Mangrove: There are five (5) mangrove arcas in South Sinai: onc is in Ras Mohamed
protected arca and others are in Nabqg proteeted area.

Five (5) protected arcas out of 16 in Egypt have been designated in South Sinai as follows.
o  Ras Mohamed National Park

+  Saint Catherine Protectorate

¢ Nabq Managed Resource

e  Abu Galum Resource

¢ Taba Protectorate

3. HYDROGEOLOGY

Main aquifers in the Study Area are occurred in the Quaternary Formations, the Upper
Cretaccous Formations and the Lower Cretaccous Formation. Among them, the most prospective
aquifer is the Lower Cretaceous Aquifer, which distributes in Egma and El Tih Platcau The
Precambrian Basement Rocks acts as a conduit of groundwater to other aquifers,

Through the Study, Hydrogeological Map and Groundwater Evaluation Map has prepared
covering the both South Sinai and North Sinai. Their maps on scale of 1: 2,000,000 are shown in
frontispieces.

3-1 Well Inventory

Well Inventories and Location Maps were constructed covering most of water sources in 16
areas in South Sinai, which include deep wells, dug wells and springs. A total of 454 water
points were listed: 157 cased wells, 256 dug wells and 41 springs.
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3-2 Quatemary Aquifer

The Qualeraary aquifers in South Sinai are distribuled in El Qaa Plain, coastal plains and major
wadis.

1) I}l Qaa Plain
There are three (3) aquifers in B} Qaa Plain.  ‘The first aquifer is unconfined and the
second one is considered to be unconfined to semi-confined.  The third aquifer is leaky
confined,

The first aquifer is only distributed around El Tur, which is exploited by dug wells for
irrigation in the arca.  The water table contour map of the aquifer indicates a possibility that
the aquifer may be a part of the second aquifer.

Most of the boreholes in Ll Qaa Plain were drilled to the second aquifer.  The aquifer has

been developed mainly for irrigation and domestic supply for F1 Tur in the northern part of
El Qaa Plain.

In the third aquifer, there are some observation boreholes and few production wells reaching
the aquifer.

TDS is in a range between approximately 450 and 10,000 mg/l in the whole area and less
than 500 mg/l in the present well fited for domestic water supply to El Tur.

In the southem part of Ei Qaa Plain, the basement is expected to occur at the shatlow depth.
However, one JICA test well (J-7) could confirm the possibility of another aquifer in the
downstream of Wadi Thiman.

The bottom contour and the isopach map of the second aquifer indicate that there are
actually two groundwater basins in the area.  One is in the area northwest of Gebel Safarial
and another is in the lower area of Wadi Mir and Wadi Shadk, which is located in El Tﬁr.
The result of water quality analyéis suggests that the northern part of the aquifer is mainly
recharged from the Sedimentary Rocks in the northern mountains and the southem part of

the aquifer is recharged from the Precambrian Basement. Their hydrogeological data is
shown the below table.
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<Hydrogeological Data on Quatcrnary Aquifer in Il Qaa Plain>

. Specific . . . .| Hydraulic
) Capacity | THSHSII | Conductiviey
(liters/scc/m) Ry rday b (mMday)
Northern part of the
Second aquifer SN R A LS
Southern part of the
Second aquifer 67.2 | _ 4.36 B 989@@_ .—““25 5
‘The third aguifer 34.6 0.54 85 2.0
2) Coastal Plains

Coastal plains are formed in Ras Sudr and Nuweiba,
extracted for domestic and irrigation uses.

(1) Ras Sudr Coastal Plain

In both areas, groundwater has been

Groundwater is extracted by 35 dug wells for private sector.  The well field distributes
in front of the outlet of the Wadi Sudr. The shape of the well field is like an oval
elongated in N-S direction.

Static water level in this area is generally less than 4 mASI, and its TDS is in a range
between 2,450 and 7,624 mg/l.  All TDS values are over the drinking water standard.
Contour line of static water level and 'TDS show that groundwater flows into the coastal
plain from the Wadi Sudr.

(2) Nuweiba Coastal Plain

Nuweiba Coastal Plain is formed in the outlets of the Wadi Watir and other smali wadis.
The plain is composed of three Fan Deposits derived from each wadi. Therc are
Nuweiba City and agricultural farm,

Groundwater is extracted by 30 wells, consisting of 25 dug wells and five(5) cased wells,
Cased wells are constructed in the fanhead, while dug wells are located at the foots of the
Fans.

Static water level, water quality and groundwater extraction rate are classified into the
four (4) groups depending on the tocations as shown below.

< Characteristics of Wells in Nuweiba Coastal Plain >

- SWL TDS Extraction
Well Group (mBGL) | (mg/h) (m/dayhwell)
Cased Well {Fantop of Fan 1) 28.5°-40.15] 1,783 - 9,470 2,500+ .
Dug Well (Northern Fanfoot of Fan 1) | 6.68 - 14.4" 1639"’33[5’1 . 20-8
Dug Well (Southern Fanfoot of Fan1) | 74-11.95 [ 2,741 -8823 |  10-380
Dug Well {Fanfoot of Fan Ilia) 251024 "é"?‘éii"-"“i‘ 1790 1-20

: total extraction of cased wells
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Summary

At all the wells, TDS is over the drinking water standard. Total extraction rate from
groundwater is approximately 3,200 m’/day.

3) Major Wadis

Groundwater has been used in many wadis by Bedouin people for domestic and irrigation.
It is exploited by dug wells through the Quaternary Wadi Deposits, which consist of sand

and gravel.

Most of the Wadi Deposits are underlain and surrounded by the Precambrian

Basement rocks except the Wadis El Garf, Babaa, Gharandal and, the upstream of the Wadi
El Arish and Wadi Walir.
Thickness of wadi deposits, static water level and TDS in major wadis are listed below.
Most wells are dug wells in the Wadi arca, therefore, static water level is within 16 mBGL.
TDS is relatively low in the Wadi Feiran area including St. Catherine, the Wadi Zaghara
and the upstream of the Wadi Kid where it is less than 1,000 mg/l. These areas are

distributed in the Precambrian Basement Rocks area,

where sedimentary rocks are distributed.

< Characteristics of Major Wadis >

High TDS values appear in the area

TDS (m

Asca Thickqess of Wadi SWL (mBGL) 1}
Deposits  (m) Range Average Range Average
WadiFeiran B | -

Taffa 70-170 | 1087-4191 | 1596 | - 257-796| 573
" Oasis Feiran CO15-100 | 11702600 | 1536 | 384-707] §74
St. Catherine - ' . ‘ :
T(shallowwell) TV 2401440 767 | 160-676| 430
C(deepwel) | T 2970-4880 | 3814 | 337.575| 7 4%6
Wadi El Garf . 7521490 | 11.89 788 - 3117 2,032
Wadi Babaa N 5881141 8.52 1,549 - 1,805 1,685
Wadi Gharandal 10 - 50 13.00 3149 | 2045 834 - 2,944 1,625
ipsiream of Wadi . 497-1.1s | 306 3,150-3250| 3,200
Taba area 20 -80 24.50 3243 | 2847 2,131 - 2,800 7,579
)Yadi Watir ' o '
-SheikhAttia | " 20-60 | 430-1430 | 943 |7 640-1,802 1.021
~Wadi El Hathy O 80-100 | 1275-4389 | 2132 | 1,100-1,969| 1,535
Wadi Zalaga 20 - 160 2.82-10.20 5.81 1,241 -2,234 1,735
Wadi Saal About 10 2.60—10.12 6.36 138 - 3,182 1,341
Wadi Zaghara 20 - 160 200-11.67 | 501 609 - 900 725
Wadi Dahab 80 - 240 28.06-35.00 | 3238 2,500 - 3,000 2,750
Wadi Kid About 70
pstream | T TT360-716 T 2 R % ¥ 2
—downstream ) | se2e ) T e
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3-3 Upper Crataccous Aquifer

Limestone in the Turonian (Wata Yormation) is called as “fissured fimestone” and it has been
considered as the main aquifer in the Upper Cretaceous,  On the other hand, many dug wells arc
tapping groundwater from the Sudr Formation (Scnonian) at El Malha arca.

1) Aquifer Condition
Test Wells were drilled at the six (6) sites. (sce Fig.8-1)  Aquifer test by aidifting was

carried out in the section of the Upper Cretaccous to examine the hydrogeological condition
ofit.  The results are shown below.

< Hydrogeological Condition of Upper Cretaceous Aquifer >

well Tested Section Aquifer SWL SWL Qe TDS
(mBGL) 4 mBGL) | (@ASL) | mhoun!  (mgh)
‘ J 2 620 650,,,_,_,_, Turonian.__._ drY... JRTR IR SR
|33 | 382-420 | Turonian | -38*| 548|400 | 2,170
Comacran
4] 380450 ) veonian | dey |- )
Cenomanian
| ’ 5 T | -Atbian cd I S R
36 220-260 Turonian 115.08 595 11.0 2,670

2) Groundwater Level

The Upper Cretaceous Aquiters are classified into confined one and unconfined one.
former is represented by the Turonian aquifer and the latter is the Senonian aquifer

outcrapping out in

Groundwater level of the Upper Cretaceous is shown in table below.

Ei Maiha.

*: Automatically flown out,

< Groundwater Level of Upper Cretaceous Aquifer >

Well Elevation (mASL) | SWL (mBGL) | SWI.(mASL)

)1 . 320 I 50 S .
X 544 1 2380 548
J6 L7101 11508 W39
ElMalha2 640 1450 | 65
Gharandal2 | 290 12070 169
Dug wells in Malha 620-630 3.2-114 _609-627

Artesian flow of groundwater was observed at J-3 during the aquifer test.

time in the whole Sinai that this phenomenon was confirmed.

3) Groundwater Quality

TDS value ranges from 1,572 mg/l to 12,930 mg/1.
of the Drinking Water Standard.

It was the first

Its general, it exceeds the limit valuc

The
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Srntrary

4) Hydrogeological Characteristics of Aquifer

In the Fgma and I Tik Plateau, noteworthy geological structures are recognized from the
hydrogeological point of view. These structures are faults and dykes. 26 groundwater
points were confirmed in the Upper Cretaccous Aquifers.  Except dug wells in El Malha,
other groundwater points arc located near faults.

It is considered (hat groundwater in the Upper Cretaceous is mainly stored in fractures
formed by faults. This is suggested by the fact that groundwater was not confirmed in the
Upper Cretaceous Formations of J-2 and J-4, that were located far from faults.

Groundwater tevel in B! Malha area decreases in dry season and quickly recovers after
rainfall.  This fact means that groundwater in the area is recharged by present surface water
through fissures and fractures developed in the chalky limestone.

3-4 Lower Cretaceous éqniﬁ:[

‘the Lower Cretaceous Aquifer is divided into three (3) independent blocks and one (1) sub-

block by area: (sce Fig, S-2)

¢ Main Block: Main target of the study distribmes in the central part of the study area
(Egma and El Tih Plateaux).

o Sheira Block: Independent from other blocks in terms of hydrogeology, mainly
distributes in the Wadi Sheira.

o Feiran Block: Independent from other blocks in terms of hydrogeology, mainly
distributes in the downstrcam area of the Wadi Feiran.

¢ Gharandal Sub-Block: Connected with the Main Block in terms of hydrogeology with
hindrance on groundwater flow by basaltic dykes, distributes in the
upstream area of the Wadi Gharandal.

While the Sheira Block has been considered as a part of the Main Block, the study
revealed that it is separated from the Main Block by uplifling of the Basement Rocks in
NNE-SSW direction.

1) Aquifer Zone of Main Block
The aquifer of Main Block is divided into following three (3) zones based on the
condition of groundwater (Fig. S-2).

o Dry zone: Zone with a width of 16 to 24 km from the southem fringe of the Main
Block toward the north, where no groundwater is stored.

e Unconfined zone: Next zone to the dry zone, with 6 to 12km width, where

10
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groundwater exists, but the aquifer is not saturated,

¢ Confined zone: Next to the unconfined zone, occupics the most of area of the Main
Block.

2} Groundwater Flow
Groundwater in the Main Block gently flows toward the north in a speed of 0.5 to 2.5
cm/day and flow out to the same aquifer in North Sinai after crossing the Ragabet -
Naam Fault.- Gradicnt of groundwater tuble is approximately 0.4/1000. 1t changes to
more steep in a section between viclis J-3 and J-1. Tt is supported that this is due to the
interference of basaltic dykes intruded between two (2) wells in the E-W direction,

Groundwater in the Sheira Block gently flows to the south: Groundwater gradient is
1.5/1000. Groundwater scems to infilfrate to the Precambrian Rocks in the south.

3} Groundwater Level Monitoring
On the basis of the water level monitoring during this study, approximately 20ci/year
of drawdown was recorded at J-3. It is very important to continue the monitoring and
analyze together with other 4 monitoring stations,

4) Recharge Condition
The Lower Cretaceous Formation distributes higher elevation compared with that of
the Wadi Deposits in the Wadi Zalaga and Wadi Garf which is supposed to be recharge
area. Therefore, it is considered that the Main Block of the Lower Cretaceous Aguifer
receive no recharge or scarce recharge from the surface water.

Groundwater in the Main Block and the Sheira Block are hydrogeologically
independent from other blocks and receive no or scarce recharge from surface water at
present.  Therefore, groundwater development in the arcas wiil causc recession of
groundwater level.

Recharge condition was also studied by isotope analysis. The age of the groundwater
in the lower Cretaceous aquifer ranges from 14,000+ 2,000 Y.B.P to 27,000+2,000
Y.B.P (year before present). It tends 1o be older from south to north in the study area. It
is recorded more than 30,000 Y.B.P in the north Sinai. [t depends on groundwater
movement.

Moreover, the age means that the recharge to the aquifer was mainly done by not
prsent but the ancient precipitation in the Wilrm glacial stage. Scarce contents of
Tritium in it also supported this maltter.
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Hydrogeological data of the Lower Cretaccous Aquifer at JICA test wells are listed in
the following table.

< Hydrogeological Data of Lower Cretaccous Aquifer in South Sinai >

well | swi | DwL D‘;‘mr” g?:;ﬁ" n;'i‘;a!‘\j?; DS
Name | (mBGL) |BGL)| () .Uj’s ,m)y (m%a;;’ (mg/l)
JICA | 312.8] 3179 39.6 22| 9504] 1,206
JICA 2 424.0] 4434 23.0 03] 1092] 1,182
JICA3 284.4] 29038 35.6 1.6 4703 470
JICA 4 501.0] 5012 10.6 25 199 1,047
JICA 6 4385 4393 9.6 37 114.8] 1,520]

5) Water Quality of Lower Cretaceous Aquifer
Water quality of the Lower Cretaccous Aquifer is chicfly good to drink based on the water
quality analysis of it including existing data. TDS of each block is summarized as

follows.
< TDS of Lower Cretaceous Aquifer >
e Measured TDS Vatue (mg/l) -| Remarks
Location - e
_ Lowest {Highest] Average {Well Name)
Main Block : ‘ _
(EI Tih Plateau) 470 | 1,520 Q97 JICA-1t06
Gharandal Sub-Block - - 1,822 ‘Gharandal-1
Nakhl and Themed area| 1,536 | 1,768 1,667 Nakh!-1 1o 8
Sheira Block 1,080 | 1,562 1,173 Sheira-1, 3, 4
Feiran Block 784 840 8i2 Feiran-1, 2

TDS values satisfy the drinking water quality standard in the Main Block, the Sheira Block
and the Feiran block. Although TDS don’t satisfy the standard in other blocks, it is
suitable for agricultural use.

The Paleozoic Formations are outcropped in the upstream area of Wadi Zalaga and Wadi Garf
and completely overtain by the younger formation in Wadi Gharandal area. Then the Paleozoic
Aquifer is recharged by rain and flood water in Wadi Zalaga and Garf. However, its TDS value

is generally much higher than the Drinking Water Quality Standard, for example, 5,060 mg/l in
Wadi Gharandal.

12
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3-6 Precambrian Racks

Some springs are occwreed in the Precambrian Basement Rocks in the area such as St. Catherine,
the Wadi Zalaga and the Wadi Watir arcas.

< Springs in Precambrian Rocks >

Arca Name of Spring TDS (meg/l) Geotogical Situation
St. Catherine El Rabba 160 | Joints in granite }
Wadi Watir | Ain Furtaga 1,088 - 1,368 | F1ssures in pranite and contact
zone with dorelite
Wadi Zaghara Ain Umm Ahmed 5,123 Contact rone between granite
and dorelite

The Precambrian Rocks are generally impermeable, however, groundwater infiltrates to the
fissures, joints and faults formed in the Rocks and flows down reaching the Quaternary Wadi
Deposits.  Thus, the Precambrian tocks act as the sources of recharge and conduit of

groundwater to the Quaternary Aquifers. Basically it is almost impossible to develop
groundwater directly from the Basement Rocks by wells.

4. GROUNDWATER POTENTIAL AND EVALUATION
-1 Q Aquifer in El Qaa Plai

1) Existing Water Balance
The existing water balance in Kl Qaa Plain is calculated as foltows.

Item (10° m’ty)
Recharge 3.9
Extraction 3.4
Discharge to the Sea 2.5
Balance 0.0

2) Groundwater Development Potential and Evaluation
Existing water balance means that the groundwater in El Qaa Plain is keeping balance
between recharge and discharge amount and it suggests that there is no surplus amount of
groundwater for further development in terms of sustairable development. However, it
doesn’t mean that there’s no potentiality of development.
The Quaternary Aquifer in El Qaa Plain stores approximately 12.5 x 10° m’ of
groundwater.

The potential is confirmed by the computer simulation through the five case studies as
follows.

13
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< Condition of Groundwater Simulation for El Qaa Plain > Unit:10° m'fycar
Decrease of Present Inceease of | Discharge

Case Recharge Storage Total Withdrawal | Withdrawal | tothe S§a Yolal
Present{ §90 | 000 | 590 ) 344 | 000 | 247 & 591
_Cz_ls_e _l 1 59 ____3_36_ _ 926 130 3 86_ o210 1 %40
Case 2 _77590 s 201ﬁﬁ_ 792 548_77 - __204___“_. 234 | 7181
Case3 598 | 101 ’JOI 456 (w2249 | 105
Case4 | 590 | 036 | 626 | 365 1 021 | 262 | 627
Case § 590 2.09 7.99 5.48 2.04 242 789

n Cascl to 5, groundwater for domestic water supply is planned to product in the
prospective aquifer area.  In CaseS, plan of irrigation water is added to the Case2 for
prevention of saline water intrusion to the prospective aquifer area from the north of the El
Qaa Plain where saline water is widely distributed.

<Criteria for Water Balance Constraint>

Rank 3:::3;&?;?:;“ Description )
.f\_ 0])1)707(}2 | Not surely sa safe bul al_lowab!e if there is ng_q!t_e__matne plan o
B 1003-001 The aquifer storage will be p0551b'ly depletedin future
C 161l < “The aquifer storage will be probably depleted in near future
<Criteria for Environmental Constraint>
Rank TDS S Description
A {1<1,000 Good : Good quality
8 |1,060-1,500 Allowable : Slightly poor quatity, but not exceed drinking water
quality standards '
C 1,500 < Not allowable : Exceed drinking water quality standards
<Criteria for Environmental Constraint>
@ Rank | - g?;ﬂ dl::id?;!) : Description |
A 000-0.50 Allowable: No problems for practical use
B ]051-2.00 Undesirable : Partly damaged
C |200< Not allowable : Damaged

Results of the model snmulauon of each case are summarized as below:

Case | Pumpage | Add _Watcr Waler Environmental { Economic
(m’/day) (m’lday) ‘Balance | Quality Impact

1 20,000 | 10,585 .UD A NA .G

2 15,600 5,585 | ~UD - G NA G

3 12,500 3,085 A G upD G

4 10,000 585 A G A G

5 15,000 5,585 UD G NA G

Remarks; G: Good, A: Allowable, UD: Undesirable, NA: Not Alfowable

Pumpage: Total pumpage, Add: Additional pumpage
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Both development plans of Cased and Cased are acceptable,  In Case3, additional
groundwater absiraction amounts to about 3,000 m’/day. This value will be a
groundwater extraction potential in the Bl Qaa Plain.  However, it can be cxpected that the
development causes slight influence on the existing dug wells.

Comparing with Case2, the result of Case 5 indicates that extraction for irrigation at the
north of domestic well field is effective to preserve the existing domestic wells.

4-2 Lower Cretaceous éq"“b[
1} Groundwater Storage
Groundwater storage of each block in the aquifer is estimated as follows:

< Groundwater Storage of Lower Cretaceous >

()

Block Area Average Effective Storage?*
(km?) thickness (m) | porosity {x 10’ m’)
Main Block 4,380 240 0.15 98
Sheira Block 675 200 0.15 i3
Feiran Block 50 197 0.15 1.6

*: Strage without groundwater in the unconfined zone,

2} Development Potential of Main Block

In order to evaluate the groundwater development potential of the Main Block, available

volume of groundwater is estimated under the following conditions.

»  Present deficit of water balance is 2.38 x 10° m*/ycar

e  Recharge to the aguifer is neglected considering the safety side.

e Outftow from South Sinai to North Sinai through the Ragabet El-Naam Fault is
estimated as 1.38 x 10° m%year.

¢ Outflow to Gharandal Sub-Block is ignored to make estimation simplified.

»  Groundwater will be developed in the area from Nakhl to its southern adjacent area.

¢ Groundwater table decreases keeping present gradient of water table,

e It is allowed to extract groundwater till water level becomes 400 mBGI. at Nakhl
considering the maximum ability of existing submersible pump.

Supposing the lowering of groundwater table as 201 m from the present level, available
amount of groundwalter is estimated as 13.9 x 10° m?, which is 14 % of the total slorage.
( see Fig. §-3)

Groundwater evaluation map of Lower Cretaceous was drawn in terms of water depth and
water quality (TDS) as shown in one of the frontispieces.
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5. EXISTING WATER USE AND FUTURFE WATER BEMAND
S.1Existing Water Supply Facilitics.
Water sources of existing water supply in South Sinai are classified into three categories.
»  Nile water for Ras Sudr, Abu Zenima and Abu Rudeis along Guif of Suez.
o Desalinated water for Sharm El Sheikh, Nuweiba and Dahab.
e  Groundwater for Bl Tur city, St. Catherine city and rural communities in inland areas,
Actual water production capacity and water demand in 1997 are shown in the table below.
They are 33,820 and 39,289 m*/day respectively. The present deficit of water production
capacity against demand reaches approximately 5,500 m’/day.

5.2 Bxisling Sewerage System
The existing sewerage systems in South Sinai are classified into theee categories as listed
below.
¢ Treatment in wastewater (reatment system.
s Infiltration into natural soil following primary treatment.
» Dispose to the desert by lorries.
Oxidation pond system is applied for all wastewater treatment systems in the cities.

However, in El-Tur City, an activated sludge process is added and treated wastewater is
reused for trees lining a strect,

The future water demand consists of potable water for the residential, tourism, indusirial, and
agricultural use. It is estimated as follows based on “Natienal Plan for Development of Sinai”.
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< Actual water production ¢apacity and water demand in 1997 >
Production] Water Demand in 1997

City Name Water Source Capacily {Residents |Tourists|Others*" |Loss JTotal Balan?c
LEMTor JGroundwater 16,000 (4,014 1120 {1,498 240 }5,872 [128
10260 2041 19590 12561 410 fi4,602 |-4,342
2. Sharm  El[Groundwater o
Sheikh from FI Tur City| 000 1 - -
o fSeawater T fgEgp |
7 poo  |ioss  [1,155 1499 80 2800 |800
1, Dahab Groundwater® | 5007 | 500) |- [Tl T peay| T
o Seawater 2,000 |- S N
I3s60 1,604 2,041 1639 }02_“4386 1826
. |Groundwater*® 2,700} ](2,700] |- - - h2,700 |-
RNeweIbe  Soring Water [2.560 || S SO A S
Seawater L0004 4= |- .
SStCatherine  {Groundwater — 450 [1,296  [674 112 [18 2099____ -1,530
9 6. Abu Rudeis  |NileRiver 12,750  |2,}09 [0 1661 | 110 |2,880 [-130
7. AbuZenima | 2,700 1,580 |0 424 68 12,072 628
8. Ras Sudr Iy 6,100 1,844 |1,066 [1,523 |244 677 1,423
Total 33,820 15,454 [14,646 {7917  [1,272]39,289 [ 5,469
Note:*1: mainly for industria), public office, shops, restaurants [unit: m*day}

*2 : blackish water

< Future Water Demand Based on NPDS > (unit : m¥day)
Conounm: Year | 1997 | 2002 | 2007 | 2012 | 2017
Residents (Urban Area) 7,495 11,040 28,3571 66,390} 152,412
“Residents (Rural Area) | 3217) 34450 5.372] 6,460 7,698
“Tourists (Hotels) | 9338] "16,034] '1'9;83? """ 23.691| 26,728
Industies | 2,140  2,568] 3.210] 3,852 4,494
“Agricutwre | 79,872 36,655| 50,114]  62,357] 73,743
g ) “Others (loss, etc.) | LIT0]  1,654) 2,840 75,0200 9,567,
7 Total 33,1728 71,396] 109,755] 167,769 274,643

6. GROUNDWATER DEVELOPMENT PLAN
5-] D - C l- - N
Several groundwater development plans were proposed as shown in Fig.S-4 and following
table to deal with the future water demand based on *National Plan for Development of
Sinai”,
Water quality required is TDS 1,500 mg/l of Drinking Water Quality Standard in Egypt.
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< Quiline of Groundwatcr Development Plans >

Summary

Development| Target I)ccvglc;;;ti?cnt Service Arca Main Purpose Water Source
Plan Year m‘;’:, dayh){ - OtRe AT of Supply Aguifer
Plan | 57,500Ras Sudr,. Abu Zenima,
2017 Abu Rudeis A Lower Cretaccous
Pian 2 35,000Nuwiba, Taba Residential use o
Plan3 | 2007 5,300 Tur  Quaternary
< A 11,7008 udr B1 Heitan
[ oy [N ] gt | MR
~17C 11,700[Themed
Plan § 5, 25, 50Bedouin Community Common usc Wadi deposits

The daily averages of unit water demands of cach category are as follows.

s Residential Use (urban arca)  :240 liter/capita/day
o Residential Use (rurat area)  :120 liter/capita/day
¢ Tourism Use : 400 liter/capita/day
¢ Industrial Use :107 m*/ha/day

o Agriculture Use : 16.3 m'ha/day

S —

Capacily of the facilities was planned considering the future water demand until 2017 plan
by plan. However, Plan 3 was planned on the basis of the future water demand in 2007
from the eavironmental point of view. There'fore, after 2007, other water sousce such as
River Nile Water should be considered.

Flow diagram of typical groundwater supply system and outline of the plans are shown
below.

Deep Well
(with pump)

Pressure Reduce
Tank (every 100 m
in height)

Pumping
Station

= e

lf:b { Collected Tank

n_ jy flow
~

Gravity flow after

extracted from wells

L Gravity low

Gravity flow afler
pumiped up

Distribution Water
Resenvoir

< Flow Diagram of Typical Groundwater Supply System >
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< Qutline of Facility for Development Plan>

Summary

Povelopment b __Intake Facility .Convg_yancc Facility

qu?cily Intake Well Pipeline PSU‘I;:I;S:]E’ Pipeline | Reservoir

(m/day) No. | Depth (in) [Length (m) " No. Length (m)| {(m") x No.
Plan 1 57,500¢ 92 1,0000 109 1 64| 7,250x4
 Plan2 35,000 56 1,000 700 4 | 181] 7,250x4
Plan 3 5,300 9 155 19 0 9] 1,400x2
Plan 4A 11,700 19 1,000 7 0 0] 360x19
Plan 4B 13,700 22 1,000 7 0 0] 360x22
Plan 4C 11,700 19 1,000 71 0 0} 360x19
Plan SA 5 1 20 0.1 0 0 Sx1
Plan 5B 25 i 20 0.1 0 0 25x1
Plan 5C 50 2 20 0.1 0 0 50x 1

6-3 Management, Operation and Maintenance Plan

Important matters for (he indices of water control are mentioned below, and establishment

and cxecution of them are expressly matters of weight for South Sinai with insuflicient

water sources.

improvement of the water implements

Prevention of waler sources pollution

Establishment of an impartial water tarifl system

Istablishment of management organization for municipalities.

Thorough review of the water quantity and quality control

Diffusion of economization concept to increase water consumplion awareness and

The important matters of daily works, which are indispensable for the maintenance works

and for which even greater cfforts should be made, are as follows.

Detectors for water ineter and automatic control system.

¢ Disinfection facility for direct influence to human bodies

7. PROJECT EVALUATION
2.1.C { Proiect Evaluati
Groundwater development will bear various benefits, both tangible and intangible ones.

As mentioned in NPDS, waler resource is the essential key to its realization. In project
evaluation, nof only tangible factors but also intangible factors shall be evaluated. In this
chapter, evaluation is made concerning the following factors.

s Evaluation by intangible factors

» Economic and financial evaluation {tangible factors)

e Invironmental evatuation

¢ Evaluation of groundwater storage
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7.2 Evaluation by Intangible Factors
Major presumed intangible benefits from the prepared development Plan 1 to 5 arc as
follows.
o Mitigation of overpopulation in Cairo arca by rescltlement
¢ Saving the Nile water
e Others

1) Mitigation of Overpopulation in Cairo Arca by Resetiteraent

Ninety nine percent of the total population is excessively concentrated in the limited
arable land along the Nile River and its defta.  The government of Egypt has been faced
to this problem. One of the main purposes of NPDS is to make sure the resettlement
program from the Cairo area to Sinai.

Groundwatcr potential evaluation revealed that the potential of the Lower Cretaceous
aguifer mects the water demand level of NPDS in target year for more than 280 years.
Therefore, conicibution of groundwater development is estimated to be huge for the
resettlement program in terms of water supply.

2) Saving the Nile Water .

Big projects other than N_PDS ar¢ in progress in El Toshka, Shark El Oveirat, Guif of
Suez and so on. These f)rojecls will require huge amount of water resources relying
mainly on the Nile water. 1lowever, it will cause heavy deficit of the Nile water in
future.

Water demand of NPDS in target year requires an amount of 134,900 m*/day of water
source. If this amount of water is covered by groundwater, same amount of the Nile
water can be saved and used for other projects. At present it is difficult to specify usage
of saved water in other project.  Saving the Nile water itself is considered as big benefit.

3) Others
Other benefits are listed as follows.
¢ Reduction of wa_ter—bomc discases

|

Reduction of infant mortality

Improvement of living standard

Contribution to tourism promotion

Land value hiking
s clc.
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7.3 Economic and Financial Evaluation
1) Economic Evaluation

The results of economic evaluation for cach plans are tabulated below.

< Result of Economic Evaluation >

Project EIRR (%) NPV (LE Million)* BIC*

Water Supply Projects

Planl .22 | . _-124 _. 057
[Plan2 ¢ 33 I -181 0.45 ]
Pian3 24.0 19 2.4}

Irrigation Projects

Plan 4A - 05 -32 0.44

Plan 4B 0.6 36 | 043
Plan 4C 0.5 -32 0.44

Nole: * Discounted at 10%.

The EIRR of Plan 3 is 24.0%, exceeding ten percent of the opportanily cost of capital.

In the report of “Investing in Development, Lessons of World Bank Experience” in 1985,
the water supply project is mentioned as follows: “Water supply and sanitation agencies
serving poorer consumers and providing a basic need have rarely been permitted to carn
returns higher than 6 to 8 percent”. Thus, the rate of 5.2% might be not so low as the
general water supply projects in the developing countries. Incidentally, if the estimated
costs decreased to 45% of the original estimation, the EIRR would be more than 10%.

The EIRR of Plan 2 is 3.3%.  [Incidentally, if the estimated costs decreased to 55% of the
original estimation, the EIRR would be more than 10%.

The EIRRs of the Plan 4 are much less than 10%. From the economic point of view,

accordingly, the viable project is Plan 3 only. In consideration of the speciality in Sinai,
Plans | and 2 might be viable as well.
The Nile River Water is utilised in many arcas all over the country. However, the water
must not be able to completely cover the increasing future water demand.  Considering
this trerid, the benefit of Plan 1 and 2 may increase in future, because the value of Nile
Water goes up due to its scarcity.

As for the imrigation projects, the initial investment and O/M costs of water resources are
t0o high to realise the proposed projects from the economic viewpoint, However, they are
important to promote agriculiural project to raise self-sufliciency rate of foods in South
Sinai.

2) Financial Evaluation
Although the financial evaluation index was calculated for the respective projects, the
FIRR of all the projects were negative. Thus, all the proposed projects would not be
viable, if the projects are based on the “cost-recovery” policy under the present tariff and
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financial sitnation. The total costs are greatly in excess of the revenues from the
management of the proposed projects.  The projects can not be managed without any
financial supports by the government.

In the water supply projects, it might be difficult to raise the rates of water tarifY because
of the NPDS policy.  If so, the following financial support would be necessary, that is,

s the capital costs of the projects are covered by the government and the O/M costs are
covered by 50% of the government.

¢ the rest 50% of the O/M costs is covered by the revenue from the water charges on
beneficiaries under present farifis.  In that case, the FIRR could exceed 10%.
Although this is a heavy burden for the government, there is no way to bring the
proposed projects into fruition.

In the irrigation projects, it might be impossible for the beneficiaries to get the net
returns of three times more than the present ones.  For making the projects having more
than 10% of FIRR, 70% and more subsidies than the all costs have to be committed by
the government.

- R :

The results of IEE (Initial Environmental Examination) for each plan are as follows.

Category Plan | Plan 2 Plan 3 Plan 4 Plan §
A 0 0 0 0 0
B 0 2 2 3 3
C *23 21 21 20 20

A: hnpactisstrong. B Some impact is expected. c Impact is very small.

{*: number means each category numbers)

It is concluded that the environment will not be seriously affected by the implementation
of the development plans. The reasons supporting this conclusion are listed as follows:

o Most of South Sinai consists of scarce natural condition under desert climate; the
habitats of plants and animals arc limited. The development plan is not proposed in such
limited area. Therefore, the natural environment in the Study Area will not be directly
affected by developrnent plan. '

e Facilities consist of smalt-scale sizc and a large-scale reclamation is not needed.

Thus, dcvclopmcnt plan does not seriously affect environment.

s Development plan will rather contribute to the economic activities and the improvement
of public health condition.
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7-5 Evaluation of Groundwater Storage

Total discharge from the Lower Crelaceous Aquifer including future water demand in the
devctopment plan and outflow to the Noith Sinai is 49.45 x 10° m¥/year. An available duration
for planning withdrawal can be calculated as follows.

13.9x 10° m® +49.45 x 10° m'/year = 281 (year)

Therefore, an expected duration of the development plan in the Main Block is estimated to be
281 years after 2017.

On the other hand, since NPDS plans to use surface water for the irrigation use, the total water
demand for the development plan decreases (o 35.91 x 10° m/year.  In this case, the duration is

estimated as 387 years.
7-6 Conclusion of Project Lvaluation

Water is essentially basic requirement 10 promote NPDS. There are three kinds of water sources
such as Nile Water, Desalinated Water and Groundwater. Through above project evaluation, the
potential of groundwater development in terms of quality and quantity was ascertained.
Furthermore, the development price of groundwater is cheapest among them so far. As a matter
of course, the EIRR and FIRR of the proposed groundwater development plans were not
adequate value except for Plan-3 of which groundwater would be withdrawn from the shallow
“Quaternary Aquifer” near the capital cily, El Tur in South Sinai Governorate. Because the
groundwater in other plans would be withdrawn from the deep “Lower Cretaceous Aquifer” in
the undeveloped desert. However, they are rather worth implementing since such water supply
projects would play as one of the most important infrastructures in order to realize NPDS.
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8. RECOMMENDATION

L)

(2)

(3)

@

New groundwater aguifer was confitmed in the south of El Qaa Plain. However, its
distribution and hydrogcological features shall be studicd in detail.

Detailed feasibility study including the assessment of the water supply impact on the
NPDS should be started as soon as possible. Such study should cover both groundwater
and surface as well. The study should include the cstablishment of groundwater
monitoring system to avoid excessive extraction. The study for wastewater treatment
and disposal should be also included in the schemes.

‘The availability of good quality groundwater at Central Sinai should encourage the
settlement of Bedouin in that area.  This in return will have a very positive impact on
the living standards of these people. More comprehensive plans should be prepared
for the Bedouin settlement in centrat Sinai.

Number of production well is increasing in both South and North Sinai, They are
tapping groundwater in the Lower Cretaceous Aquifer. Groundwater in the Lower
Cretaceous Aquifer is essentially of fossil water although a litite recharge is expected
from the surface water. Groundwater development of the Lower Cretaceous Aquifer
will lead recession of groundwater level. Considering this situation, groundwater
development in Sinai shall be carried out under proper control system. Especially,
careful attention shall be paid to the change of groundwater level in the development.
From this point of view, groundwater level monitoring shail be properly continued using
automatic water gauges installed in the Test Wells.
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