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Some springs are occurred in the Precambrian Basement Rocks in the arcas such as St.
Catherine, the Wadi Zalaga and the Wadi Watir arcas.  Their outlines arc as follows.

Wadi Watic

Ain Furtaga

lWadi Zaghara | Ain Umm Almed

_Area | Nameof Spring | TDS (mg/l) |
St.Catherine | BIRabba

G160
1088 - 1368

5123

 dorelite

Geological Situation )

| Joints in the granite

Fissures in the granite and contact

zone with dorclite

Contact zone belween granite and

As shown above, groundwater springs out from the joints developed in the rocks and

contact zone between granite and dolerite dykes. Dorelite dykes in the area are
generatly impervious, therefore, groundwater is dammed up by the dykes and springs
ouf aller reaching to the spring through the fissures and joints in the granitic basement

rocks.

‘The spring, El Rabba is located in a church in St. Catherine. It springs from the joint
of granitc and its TDS is extremely low, 160 mg/l.  Water type is classified as MgSO,
type. On the other hand, Ain Umm Ahmed yiclds groundwater from the contact zone
between granite and dorelite, however, TDS is high, 5,123 mg/l.

As mentioned in Chapter V, intensively developed lineament and dykes are observed in

the Precambrian Rocks in several areas (Fig. 2.2-6).

(A) Ring structure

(B) Area, where minor lincaments are concentrated

(C) Area, where conjugate faults arc well developed

Several springs and/or dug wells are distributed infaround these structures as shown in
Fig. 3.7-1.  They are as follows;

Structure

Area

Spring/Dug well

(B) 5 Minor lineaments

e

{(C) Conjugate fa
! —

(A)] Ring structure.

ulis

AinQaseby

Oasis Feiran

G. Mikeimin/G. Milcihis

_Ain Qaseby, Ain El Malhah
Ain Furtaga, Ain Umm
| Ahmed, Ain El Khudra, etc.
A group of dug wells in
Qasis Feiran and Tarfa

The Precambrian Rocks are impervious, however, groundwater will infiltrate to the
fissures, joints and faults formed in the Rocks and flows down reaching to the

Quaternary Wadi Deposils.

HI- 130
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recharge to the Quateary Aquifers.

Some springs and dug wells scem to be conirolled by the existence of dykes; Dykes
with open cracks will gather gronndwater and dykes with no open cracks will act like a
barrier against the groundwater flow in the rocks.  The groundwater in the Precambrian
Rocks, after all, discharges to the Quaternary aquifers in the wadis.

Basically it is almost impossible to develop groundwater dicectly from the Basement
Rocks by wells. Springs are occurred in the Precambrian Basement Rock area.  In
most case of springs, its origin of groundwater is Precambrian Rocks and it is extracted
from the Wadi Deposits. It is suggested that the Precambrian Basement Rocks act like
conduit for groundwater to the Quatcrnary Aquifer. From this point of view, large
scale of groundwater development in the Precambrian Rocks seems to be unrealistic.

13 - 131
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Type of Groundwater in South Sinai

A total of 56 chemical analysis data were classificd into soven (7) water types: NaCl
type, Na,SO, type, NaHCO; type, CaCl, type, CaSO, type, MgSO, type and MgCl, type.
Among them, the MgCl, type appearcd only in winter scason at Nuweiba,  The result
is shown in Table 3.8-1 and is drawn in Fig. 3.8-1.

Quaternary Aquifer

The major groundwater types of the Quaternary aquifer are MgSO, and NaCl. The
groundwater type of MgSQ, is distributed mainly in the inland of South Sinai such as St.
Catherine, Tarfa, the Wadi. Feiran and several wadis in the east of the El Qaa Plain.

In the area where it covers St. Catherine to the Wadi I'eiran, groundwater is recharged
by the Precambrian distributed nearby.  Five (5) wells, out of six (6} wells in the area,
were classified as MgSO, type in winter. Ll Rabba spring has the lowest TDS of 160
mg/l and it belongs to this type.  Same situation was found in the wadi arcas in the El
Qaa Plain, where groundwater in the three (3) wadis was also in this type except the
Wadi Hibran.

On the other hand, the NaCl type is distributed mainly in the El Qaa Plain and Nuweiba
Coastal Plain.

The most of MgSO, types i winter vary to CaSQ, or CaCl, types in summer.

Considered the situation above, it seems that the MgSO, type represents the fresh water
recharged from rainfall because most groundwater of fow TDS belongs to this type and
rainfall is concentrated in winter.

Upper Cretaccous Aquifer

Most groundwater belongs to the NaCl type.  Only in El Malha arca, groundwater type
varies from MgSQ, type in winter to NaCl type in summer.  Groundwater in £l Malha
area receives recharge from the rainwater.  This situation is same as the Quaternary

Aquifer.
Lower Cretaceous Aquiter

A major groundwater type is NaCl followed by Na,SO, and CaSO, type. The NaCl
type is distributed mainly in Nakhl, Themed, a part of the Main Block and  Wadi
Feiran. Seasonal variation is not clear. '

I - 133



Table 3.8-1 List of Groundwater Types and TDS of Each Aquifer
<Quaternary Aquifer>

e o -“—T\‘.‘J_l'l‘d‘. Atificatian __7_7_ : 7_7_:_7 R }cbruar} 97 1 Avgust97
Nof S Afca Cade Na Well Name Aquifer Water DS Water ™0s
N0} o __{Spring) B (lithology) T (mgy b Type b imgd)

5 26 ElQm 48BB-004 QAAILS Qua'tman (54Gy | CaCl, 420 CaCl, 467

o Aasdnots LA

4RCE-C02 Thiman

Quatenay ($16) |

3UTEIQa T UTURABO0Y T TQAAE T Quate mary(sm)'“"f_ Na,S0, 1085 NaCl s
ll 13 FtQaa - Sobahe Qua
. Quateraary (S1G)
Quaternary (516G) | |

Yax  A3BR-007 QAAD} )
4700002 M Salem 1N ”‘H““‘.‘Qna'eﬂmy (SGG)AWW
ucnon” ) Refaa) [Quatemmary (5+G)

17 1 Feuan

18 1§ Feiran

266 St Cat AIDE002  Haroun Wall  Quatemary {$+0)
27 Sca

227 St Cat T HIDE-0IZ T Rabba Spring | Quaternary (S+6) | M;
3014 Sudi BBCOY A K Khamis  Quatcmnary (S1G) MpSO, 4360 NaCl
2675 Nuweibs  66DB-005  © lemyed  Quaternary (S4G) MgSO, 2092 MgCl,
27721 Nuwciba  66EB-008 A A Hemad  Quaenary (S1G) | NaSO, 3460 | TTRaGi T e
2 b Watir o 66DA001  Fumsgel  Quaternary($1G) | Mpso, - mses | Meso, [ 136y

24 16 Watir "66CE-G0T, Sabch Seleem Quaternary (S4G) | Mg

<Upper Cretaceous Aquifer>

ﬁ_ﬁ Well fdentification February-97 Avgust9?
No Sr] Arca [CodeNo Well Name Aquilce Waler Ds Water 105
b {Spring) (ithelogy) Type (mg) Type (mg} |

__I 40 Sudr  33AB-004  Ain Abou Ragem

Uppv:f Cretaccous (1S)] NaCl 5650 | MNaCl - 6419
-h{A 0'0! A A Selema :

'iigis"é}"'l"‘f: 1648 | Nl |
MgSO, 1512 ) NaCl ¢
e e Py Tt
As of Pumping Test

NaCl 1708

3 ) \Sal‘xa
1 7 F] Tur

S 13 Garanddl

S
4
F

o a3 HIEh e IPRET Crelace US) R ALIS RN 1L
7 16 [1Dh 46AN-001 H('A-é Uppgr Cretaccous (1.5)] WaCl 2952
<Lower Crelaceous Aquifer>
o Well 1dentification February-97 Aupust-97
N01 51 Area Code No. Well Name Aquifee Water DS Water D38
i (lithology) Type (mg/) Type (mgA) |
1 3 Sheira 65SDA-001 Sheira-1 _ Lower Cretaccous {S3) (‘aSO‘ o hsex | CaCh, 1432
2 cecus (55) MgSQ, TR ] NaS0, T s
As of Purnping Test
45BB-001 Lonq{‘rdacmu: (554 CaSO, 1206
Kali ™ Tiid2
45CA-001 Nap SOy
SSEA-001 Na.50,

LLAECLOL  NahET

W Watir 5
__“\’u’,'.\'am

s)| Ma,50, 1068

KA DN

. Tower Cretaceous (5S)}
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Isotope Analysis

Isotope analysis was conducted to grasp characteristic of groundwater, and the results

are listed on Table 3.9-1. Isotope analysis is divided into radiecactive isotopes and
stable isotopes.

Radioactive Isotopes

Tritium, *H, is an unstable isotope of hydrogen with a half -life of 12.3 year. Prior to
1953, rainwater had less than 10 tritivm units (TU: 2H/ *H =10"%).  For example, it
was S TU at Rafaa in North Sinai in 1992 Tritium can be used in a qualitative manner

to determine groundwater age in the sense that groundwater with less than 2 to 4 TU, is
dated prior to 1953,

TU in the groundwater of the Lower Cretaceous is very low, therefore, it is considered
that the Lower Cretaceous Aquifer received no or a limited groundwater recharge at
least since 1953,  On the other hand, it is considered that the groundwater in the El-
Qaa Plain is recharged by recent pr‘ecipitatidn. |

According to the result of radiocarbon dating, the age of the groundwater in the Lower
Cretaceous Aquifer ranges fromﬂM,OOOﬂ: 2,000 YBP to 27,0(}03:2,000:‘{.13.1’. The
age of them tends to be older from south to north in the study area. 1t becomes more
older than 30,000 Y.B.P in North Sinai..

The age of groundwater in the Quaternary Aquifer is less than 1, 600 Y. B.P

Stable Isotopes

In general, five elements; hydrogen, oxygen, carbon, nitrogen and sulfur can be used to

study geological process and surface water. Hydrogen and oxygen are selected in this
study.

Results of stable-isotope studies are expressed as deviation (8) in parts per thousand
(%0) by the following formula.

R —R
5 - sample stadard X 1000

$ fan dard

It the va'lue is positive, the sample is enriched with the heavy isotope relative to the
standard.  Negative means isotopically light.

It - 136

¢



Cluyner HU Fvdrogcology

Water (SMOW).  The comparison is made by means of the parameter &, which is
defined as
(130116 O)

6‘80(%0){ — -, -—I] x 10° JZH(%G):[

o Gy,
(]SOINO)X\:‘(M}‘

ST 1w 10°
CHIH) G

When & 21 is plotted as a function of § "*O for water continental precipitation origin,

an experimental linear relationship is found. H is deseribed by the cquation below
(Yurtsever & Gat, 1981)

S =8.25%0+10.8

This is known as the global metcoric water line.  Continental precipitation samples will
tend to group close to this line.  Precipitation falling in arcas with lower temperatures
will tend to have lower § %Il and § O values.

Fig. 3.9-1 shows that A group is close o the global meteoric line but B group is
somewhat away {rom the line.  J-6 is located between A and B. A group consists of
groundwater in the Lower Cretaceous Aquifer and B group includes the geoundwater in
the Quaternary Aquifer. Then, paleo- teinperature of the groundwaler in the Lower
Cretaccous was cooler than that of B group.  There is another evidence, which supports
above as shown in Fig. 3.9-2.  Relationship between Mean Annual Air Temperature
and § "*0 is expressed as following formula.

8 "0 =0338771T-11.99

On the basis of the figure, Mean Annual Air Temperature of A and B groups ranges
from 8.9°C to 12.5°C and from 16.7°C to 20.3°C respectively. The groundwater of A
group’s aquifers was recharged in about 8°C cooler enviromment than 3 group in the
Wiirm glacial stage.

It is well known that the seawater level went down in glacial stage all over the world.
Fluctuation of seawater level in the Wiinm glacial stage is shown in Fig. 3.9-3.  The
range of the groundwater age in the Lower Cretaceous Aquifer is shown in the figure,

{t indicates that the aquifer was recharged around the climax of the glacial stage.
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Table 3.9-1 Resulis of [solope Analysis
Group, Site T )6 "0 (SMOW]T )} § 11 (SMOW)| Nature | Aquifer | 14C-Age{ycar)
Neckel-5 89 -3.99 | 10,7 -5790] well | LowCretace | 27000+2000
Sadr Al-Hetan 10.5 844|124 5300 well | FowCretace | 260002000 |
JICA-2 10.5 843 10| 5690 welt | low.Cretace | 2320042000
A [JICA-1 10.6 -8.41 | 104 S861 | well Low.Cretace | 20000£2000
nca3 | nia s12] 117 5510 well | Low.Cretace | 21500£2000
Wadi Sheira T 5440 | “well | Tow.Cretace | 22000£2000
_JICA-A4 1251 277701 123 -53.39 | well | Low.Cretace | 18000£2000
Sahl EI-Qaa 12 16.7 -6.33] 20.1 3190 well | Quaternary -
HCA6 17.1 -6.20] 16.1 42.77] well | Low.Cretace | 14000£2000
Sahl El-Qaa 8 174 -6.11}) 19.5 33,30 well Quaternary
B Saint Catherine 17.4 601 | 227 24,60 | spring | Precambrian |
Ain Unm-Ahmied | 199 -5.25) 233 23.00 | spring | Wadi Deposit
Ain Mir 203 -5.131 252 17,70 | spring | Wadi Deposit -
A Lower Cretaceous B: Quaternary or Spring
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Chapror 117 Water Balaree and Developimant Potentinl

CHAPTER1V GROUNDWATER POTENTIAL AND EVALUATION
4.1 Quaternary Aquifer in El Qaa Plain
4.1.1  Existing Water Balance
1} Recharge to £l Qaa Plain
Sources of recharge to the El Qaa Plain are the Precambrian Basement Rocks, the
Mesozoic Sedimentary Rocks and the Wadi Deposits that are distributed in the castemn
side of the plain.  Rain water precipitates mainly on the Precambrian Basement Rocks.
Some amount of rainfall is lost as cvaporation from the ground surface.  Residual
amount of rainwater infiltrates into underground through faults and fissures developed
in the basement rocks.  Some of fissure water reaches the El Qaa Plain and directly
recharges the aquifer. A part of infilirated rainwater recharges the Wadi Deposits.
Groundwater in the Wadi Deposits reaches the El Qaa Plain.
The annual average flow rate was estimated as follows based on the estimation by
BRGM/WRRI (1993b) and Hatem (1996).
. Estimated Recharge
Area Wadi Nz_a_mc {m’ iday) | (m'lyear) |
Linmestone Area o 3
Abu Reymate! 1765 | 64,409
ElRawd | 2732 99,709 |
Thogra o IOSFQ_________ 38,540
UmmGllrdy 1337 7 48,801
. lAbora T 4336 | 158248
Sub-total 1,1225 409,707 |
Basement Area-1 I
_qu'n 4 1928 289 390
_ |Warka 52§_§ i 2[_! _153
. Sub-total ) 1,371.4 500,543
Basement Area-2 ¢ 2N -
Hibran | 1,3247 i 410,509
Mir 1 22553 | 823,196
Mnhy 16542 603,774
Wargan | 3,529.8 1,288,379
Shadak | M.3 _?5_9_3 o1 372 ,160
o Emlaha | 1,3579 | 495,635
~ Sub-total 13,681.2 | 4,993,653
Total 16,175.1 | 5,003,903
2)  Qutflow to Sea

No surface water directly flows out to the sea.  Only groundwater discharges to the sca
near El Tur.  lis amount is estimated as 2.47 x 10° m’/year.

-1



Chapter IV Water Balance and Developrient Potentiol

3)  Groundwater Consumption

The water resources in the El Qaa Plain is consumed for municipal water of El ‘Fur and
Sharm El Sheikh and irrigation water in the plain.

Groundwater extraction in the Tt Qaa Plain was more than 8,000 m’/day (=2.92 x 10°
m*year) since 1984. Extraction rate in 1997 was estimated to be 9,415 m*/day (= 3.44
x 10° m*/year) as shown below.

(unit: m’/day)

“Domestic water | Domestic water for | Irrigation | Dug: wells ST [ -
__forBiTur | Sharm Et Sheikh b 'May) | (mdyeary
6,000 1000 D oasy | 2000 9415 | 344x10*

4)  Water Balance

4.1,2

‘The existing water balance of the il Qaa Plain is calcutated as follows.

5 {x 10°m%)
Recharge (mifyear) 89
Extraction (m/year) | 34
Oulltow to Sea (in*/year) 25

Balance - 0.0

Groundwater Development Potential

As mentioned above, it is concluded that the groundwater in the Ef Qaa Plain is keeping
balance between recharge amount and discharge amount. The result suggests that
there is no‘surplus amount of groundwater for further development in teoms of
sustainable development.

On the other hand, more groundwater development will be required by increasing
population in El Tur and future development in agricultural sector in the El Qaa Plain,
Thecefore, following countermeasures are examined to meet the increasing water
demand. |

(1) to allow a certain degree of decreasing in groundwater level
(2) toallow a certain degree of increase in TDS

(3) to prevent saline water intrusion to prospective aquifer area by constructing new
wells

[ncrease of groundwater extraction may cause negative impacts in the area.
Constraints on water balance, environment and economy are discussed base on the
groundwater simulation.

V-2
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4.1.3  Groundwater Simulation
(1) General Procedure of Groundwater Simulation

Based on hydrogeological investigation, northern part of the El Qaa plain was
selected as simulation arca.  Prospective aquifer area is selected in the area in NNE
dircction from El Tur considering influcnce to the existing well ficld.

Groundwater simulation study is composed of aquifer model construction, calibration,
prediction and evaluation.  An aquifer mode! is constructed with ficld data
manipulated for computer input.  Afler calibrating the model with obscrved data,
prediction of water level and quality is exccuted inputting future withdrawal plans,
Predicting results are cvaluated for development potential considering water balance,
environmental impact and economics.

(2) Simulation Model and Boundary Conditions

The second and third aquifers were modeled in finite difference three-dimensional
manner,

Basic equations applied to the simulation were as follows.
1) Basic Equation for Groundwater Flow

The wunsteady-state, three-dimensional movement of groundwater through
heterogeneous and anisotropic porous media is described by the following partial-
differential equation.

E[mi"‘.)+3 Kyt +ﬁ(xzzf’£]_wzsg°_"
o\ o) ol ) e\

Where, Kxx, Kyy and Kzz: values of hydraulic conductivity along the x, y and z
coordinate axes, h: the pote_ntiometric head, W: a volumetric flux per unit volume
and represents source and/or sink of water, Ss: the specific storage of the porous
media, t: time.

ii) Basic Equation for Solute Transport

The basic equation governing three-dimensional solute transport in groundwater can

be written as follows.

d oC o q oC
—\ D, |- )+ 2+ ) R, =—
6x[ ’axJ r, O GCr LR =

i

Iv-3



Chapter 1} birter Balance and Developmeni Potentiol

Where, C: solutc concentration, t: time, xi: distance along the respective Cartesian
coordinate axis, D hydrodynamic dispersion cocflicient, v;: lincar porc water
velocity, q,0 volumetric flux of water per unit volume of aquifer representing

sowrces (positive) and sinks (negative), C,: concentration of the sources or sinks,
(0 : porosity of the porous medium, X R;: chemical reaction term.

iii) Boundary Condition

Eastern boundary was constant flux and fixed concentration of recharge water.
Northern and western boundary (mountains) were no flux, At western boundary
(Guif of Suez), constant head and constant concentration were employed.  No flux
boundary was adopted at the south,

iv) Input Data

Aquifer constant, pumpage, and recharge rate were inputted for each cell,
manipulating  from hydrological and hydrogeological studies.  Groundwater
pumpage in the Fl Qaa plain amounts to 9415 m¥/day (domestic: 6000 m*/day, water
to Sharm El Sheik: 1000 m*/day, irrigation: 415 m*/day, dug wells: 2000 mn’/day).

Calibration

No variation of water level has been observed since i989, sleédy-slale flow was
calibrated with model.  Salinity is major problem in the El Qaa plain, so then TDS
was selected as waler quality index.  Average distribution of TDS was simulated by
a solute transport model.

vi) Prediction

According to the future development plan, five (S.) cases of groundwater extraction
were predicted.  Domestic use is assumed for cases 1 to 4, and 5 is assumed 1o
develop for irrigation.  Prediction period is 120 years (20 years for increasing
extraction and 100 years for maintaining constant extraction).

Conditions of each Case are as follows. E
I Unit: 10° m’/ycar
| R S | Total | P P2 D | Total
Present | 590 | 000 1500 | 344 | 000 ! 247 | 591
Casel | 590 ; 336 § 926 | 730 | 3.86 i 210 ; 940
Case2 | 590 201 § 792 | 548 ; 2.04 | 234 | 781
Case3 | S.90 ' 1011 701 | 456 | 112 | 249 | 705
Cased | 590 | 036 | 626 | 365 | 021 | 262 | 627

Case5 | 590 : 209 { 799 | S48 | 204 = 242 | 789
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R: Recharge, S: Decrease of Storage (Water released from groundwater storage due

1o drawdown), P1: Present Pumpage, P2: [ncrease of Pumpage, 1: Flow out to Sea

In the above Case 1 to 5, groundwater for domestic water supply is planned to
product in the prospective aquifer area.  In casc of Case §, plan of irrigation water is

added to the Case 2 for prevention of saline water intrusion to the prospective aquifer

arca from the north of the El Qaa Plain where saline water is widely distributed.

vii)Evaluation of Prediction Results

Evaluation criteria applied to the prediction results are as follows.

<Criteria for Water Balance Constraint™>

Rank 3::1‘;13;3252::;“ Description

A 1000-0.02 Not surely safe, but allowable if there is no alternative plan- -
B 1003-0.1 The aquifer storagc will be possibly depleted in future )

C i6.i< The aquifer storage will be probably depleted in near fulur_p_____

<Criteria for Environmental Constraint>

Rank TDS Description -

CA (<1000 i Good: Goed quality |
B |1,000-1,500 Allowable : Slighlly poor quah(y, but not exceed drmkmg water

. lquality standards -
C_ 11,500 < Not allowable : Exceed drinking water quality standards

<Criteria for Environmental Constraint>

Rank [F)n::: d%?f:‘dzl;l) Description
A 1000-056¢ Allowable: No problems for practicaluse )
B 0 SI 2 00 o Undes:rable Parl!y damaged

C |200< | Not allowable : Damaged

Results of the mode! simulation of each case are summarized as bellow:

Case | Pumpage Add Water Water : Environmental EEconomic
(m*day) | (m¥day) | Balance | Quality Impact |

1 120000 10385 | UD | A CNA 4 G

2 |7is000 fss8s i Ub . G NA . G

3| 12500 ; 3085 § A 6 . U G

4 | 10000 585 A G A . G

S i 15000 | 5585 | UD G NA i G

Remarks; G=Good, A=Allowable, UD= Undcswab!e NA=Not Allowable

Pump: Total pumpage, Add: Additional pumpage

From the above results, both development plén of Case 3 and Case 4 arc acceptable.
In Case 3, additional groundwater absiraction amounis to about 3,000 m'/day. This
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value will be a groundwater extraction potential in the El Qaa Plain.  However, it
can be expected that the development causes slight influence on the existing dug
wells.  Results of simulation on water level, drawdown and TDS in Casc 3 and 4 are
shown in Iig. 4.1-1 (1) and (2}, respectively.

Comparing with Case 2, results of Case § indicate that extraction {or irrigation at the
notth of domestic well field is eflective to preserve the existing domestic wells.
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2)
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Chapter " Hater Balance and Dovelopment Poronlial

[.ower Cretaceous

Water Balance

Water balance of the Lower Cretaceous is estimated by following equations:
AS =R - @+ 0Oy @21-1)

where,  AS: groundwater storage increment/deficit, R: recharge to the aquifer,

Q: total extraction and Oy outflow from South Sinai to Novth Sina

As discussed in Chapter 111, recharge to the Lower Cretaccous is negligibly small which
is nearly equal to zero. R is, therefore, considered as zero.

Main Block

Present total extraction from the Main Block of the Lower Cretaceous is 760,000

m'fyear. Oy is estimated as 1.38 x 10° m¥/year using following equation.
O4.6 = I (now sectiony X b Goquiter tnisknessy X K permeatitivg) X { Ah/Ax) (hydeantic gradient)

where, L:100km, b:240mx0.62%=149m and AWAx:04/10600
Therefore, equation (4.2.1-1) is,

AS = 0 (760,000 + 1,380,000) = - 2,140,000 (m*/year)

The result shows that the Main Block decreases its volune a total of 2.14 x 10° w’ every
year.

Sheira Block

A total of 360,000 m*/day of groundwater is extracted by four (4) wells. No pertodical
water level datais available. Therefore, water balance in this area is still unknown.

Feiran Body

In the Wadi Feiran area, six (6) wells are producing 720,000 mm*/day of groundwater.
Furthermore, new production wells are under construction. However, periodical
monitoring of groundwater level is not carried out.  Only extraction data is available.
Therefore, water balance in this area is still unknown.

V-7
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Development Potential of Main Block

Storage of groundwater is estimated as 98 x 10" m®.  Present deficit of water balance is
2.38 x 10* m'/year as discussed above. In order to cvaluate the groundwater
development potential of the Main Block, available volume of gronndwater is cstimated
under the following conditions.

{1) Recharge o the aquifer is neglected considering the safety side.

(2) Outilow from South Sinai to North Sinai through the Ragabet El-Naam Fault is
estimated as 1.38 x 10° m¥/year.

(3} Outflow to Gharandal Sub-Block is ignored to make estimation simplified.

{4} Groundwater will be developed in the area from Nakhl to its southern adjacent
arca.

(5) Groundwater table decreases keeping present gradient of water table.

(6) Ttis able to extract groundwater till water level becomes 400 mBGL at Nakhl
considering the maximum ability of existing submersible pump.

For estimation above, a groundwater profile was p’réparéd ag Fig. 4.2-1. Present water
level of the Well Nakhl-S is 199 mBGL (190 mASL) and that of the southernmost
fringe of groundwater is 275 mASL. When the condition 4) above is applied,
altowable groundwater recession is 201 m.  This recession canses migralibns of water
front about 9 km toward the north from the present location. Fig. 4.2-1 also shows the
total storage of groundwater in the Main Block and exploitable volume against water
level recession from the present water level.

Groundwater potential is a total volume which is stored in the aquifer befween present
water front and shifted water front (9 km north from the present water front). It is
estimated as 13 x 10°m® which is 12 % of total storage of the Main Block.

V-8
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CHAPTER VY EXISTING WATER USE AND FUTURE WATER DEMAND

5.1

5.1

1

Existing Domestic Water Supply and Sewerage System
Water Supply System
Outline of Water Supply System

Domestic water is supplied in eight (8) citics in South Sinai, such as El Tur, Sharm El
Sheikh, Dahab, Nuweiba, St. Catherine, Abu Rudeis, Abu Zenima and Ras Sude.  They
are operated and maintained by Municipalities and New Communitics, Housing and
Public Utilities in the Ministry of Development (hereinafier referred to as MOD).
Sources of domestic water supply are divided into three {3) categories.

(1) Purified Nile water for Ras Sudr, Abu Zenima and Abu Rudeis

{2) Decsalinated sea watcr for Sharm El Sheikh, Nuweiba and Dahab

(3) Groundwater for Ll Tur, St. Catherine, Nuweiba, Dahab and Bedouin
communities

Among them, groundwater in El Tur and St. Catherine is suitable for potable water.
However, that of Nuweiba and Dahab is saline so that it is used for domestic use except
drinking.

Served area, population served, water sources are as folows.

City ey icsident cap)” Tourss capldayy | Woter Souree
Ei Tur N 13.0 16,055 188 groundwater
Sharm EiSheithi 13 | 8163 | 15056 | scawater, groundwater
Dahab | 105 | 4262 | 1,813 | sea water, groundwater
Nuweiba | 85 | 6416 | 3204 | groundwater, sea water
St.Catherine | 3.0 | 4785 i 1058 | gcoundwater
AbuRudeis | 59 | 8436 9 NileRivee
AbuZenima | 19 | 6318 1 0 NileRiver
RasSudr | . 42 | 231 | 1673 | NileRiver

Toral | 484 61,809 29

The water is transmitled to the distribution rescrvoir or elevated water tank from cach
source. Then, it is distributed by gravity.

Ras Sudr, Abu Zenima and Abu Rudeis are supplicd water from the Nile River through
the treatment plant in Suez.  ‘The main transmission pipeline to these citics is ductile
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cast iron pipe of 600 mm diameter.  The pipeline has been extended to El Tur and will
be extended to Sharm Eb Sheikh till 1998, Morcover, another main transmission
pipeline for the Nile watcer is under planning from Suez to Abu Rudeis as a sccondary
pipeline.

In case of the rural communitics of the Bedouin people, water supply is carried out in
the following two (2) manners.

(1) Rural communities near the city arca:  supplied by water tank lorrics
{(Wadi Village, Abu Suweira, ctc.)

(2) Other communitics: supplied by dug wells constructed in and near the
communities

(Wadi Saal, Wadi Nasb, Wadi Isla, Wadi Mir, Sheikh Attia, etc.)
Standard for Potable Water

Unit water demands are decided quoting a similar project “The Urgent Development
Plan of the Suez Bay Coastal Area Development” by MOD.

Standard for potable water supply is Drinking Water Quality Standard in Egypt.
Walter Production and Consumption

The quantity of waler production, consumption by category and losses as unaccounted
water in 1998 are ssmmarized in the table below.
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<Production and Consumption of Potable Water>

[ Unit: mYday]

—————

Production Walerl)unand in 1997 ISurplus/
CtlyNamc Water Source Capamw Rc:-:i'dél-us Tourist Other““ loss " Total !Sl")f;!lcat
Eltor  Groundwater 6000 4014 120 1498 2400 58720 128
Sharm Tl Sheikh [ 10260 2,041, 9,500 2,561:  416) 14,6020 -4,342
Groundwater | 1000, o N
(from El Tur City)| AR AR R
o R Il TNES )
Dahab | 12,0000 1066 1,155  499; g0 12,800, -800
Groundwaler“ ] {500] [500]' o N [500] .
_S—ééxvaier b 2000 R b
Nuweiba D 35600 16041 2040 639 102 4,386 -826
Groundwatert? | [2700) [2.7001 i Doy
Sprig Wt . R S 1 o
Seavi’aier T I T
St.Catherine  [Groundwater | CoL9sl 674l 112 Tis] 2000 1,550
AbuRudeis  [RiverNitle 1~ 500 2090 0l 661 - HO| 2380 130
AbuZenima u ) CLssy 00 42 sl 2071 628
RasSudr | #6100, 1844 L0660 1,523 244 46770 1423
Totab | ] 3380 15454 146460 7917, 1272 39289, 5,469

Note: 1) *1: Mainly for industrial, publlc office, shops, restaurants
2) *2: Brackish water

The water supply quantity compared with the present water demand is gencrally
showing a tendency of shortage in supply. The tofal shortage amounts to about 5,500
m’/day as of 1997. Therefore, a restriction on water consumption is carried out in
Sharm B Sheikh and Nuweiba cities throughout the year.

In accordance with above table, the total water production capacily in the eight (8) cities
is about 33,820 m’/day and more than 97 percent of above capacity is accounted for
urban arca. The water losses, as unaccounted water indicated above, consist of
physical leakage and commercial losses, including the unbilled water consumption
occurring in the residential category as a result of meters in poor operating conditions.

4)  Organization, Operation and Maintenance
(1) Organization

The management of the water supply system including the public sewerage system is
under the responsibility of MOD. However, as a special measure, there are water
supply facilities that are owned and managed by private firms, such as some
desalination treatment plants and pipe distribution network for private hotels in
Sharm El Sheikh city.
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Conceming public water supply system, planning, design and construction of the
major facilitics are performed by MOD, while the construction of small water supply
systems and operation and maintenance for all facilities are conducted by the
respective Municipality, though there are some exceptions.

Division of Responsibility for Water Supply System

The division of responsibility for water supply system is basically formulated
according to the scale and/or degree of difficulty of planning, construction, operation
and maintenance as well as ownership.

Water Tartff
Water Tarift Steucture

The water tariff in South Sinai is basically sct by the South Sinai Governorate.
Although the Municipalities have some authority to set their own tariff.  In effect, a
waler tariff is set based on the following significant factors such as type of water
source, water supply method, water supply capacity and distinction of consumers.

The water tariff structure contemplates imposing the following charge to the

COnsSuUmets:

(1) Fixed Charge for Water and Sewecrage: This charge is independent of the
water and sewerage service reception.

(i)  Fixed “Clienf Charge": This charge is 1o caver the expense incurred by
Municipatities when attending a client like water meter reading, inspection,
elc.,

(iii)  Variable Charge: This charge is based on the amount of water consumption
measured in cubic meters.

Present Water TacitY

‘Fhe unit water tarift of residents is fixed by the amount of water consumption, while
a uniform charge is applied for other type of consumers like commerce, institution
and industries.

Scwerage System

The sewerage system is working in four {4) cities, El Tur, Sharm El Sheikh, Dahab and
Nuweiba. In Sharm El Sheikh, an expansion works of the sewerage system is under

construction.  Construction works are undergoing in other foutr (4) cittes, St. Catherine,
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Abu Rudeis, Abu Zenima and Ras Sudr. No sewerage system is provided in the rural
areas.

The sewcrage system in South Sinai is basically classilied into the three (3) cases
mentioned below,

Case 1 : Collected wastewater is treated in wastewater treatment plant.

Casc2 : Collected wastewater is infiltrated into natural soil following primary
treatment.

Case 3 : Collected wastewater is transported by loirics and disposed in the deseit.

Oxidation pond system is the treatment method used in all the wastewater treatment
plant except the irrigation use, which is the most appropriate in consideration to the
availability of extensive land area in South Sinai and the simplicity of operation and
maintenance requirement of the WWTP.

The treated wastewater is lost due beth atmospheric cvaporation and subsurface
infiltration resulting in no dischatge to sea, river or lake. The treated wastewater is
reuscd for irrigation use although it supplics to the plantation of trces only.

V-5
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5.2 I'uture Water Demand
5.2.1  Future Development Plan

The Sinai Peninsula is one of the strategically important places in terms of development.
The Government of Egypt decided a strategic development plan, “National Project for
the Development of Sinai” (NPDS) in 1994, The target year of the NPDS is 2017.

Future water demand was estimated regarding the NPDS as a given condition.
5.2.2  Estimation of Future Water Demand

1} Estimation of Development in Sectors

The water usage in South Sinai is divided into four categorics: residential use, lourism

use, industrial use and agricultural use.  Future water demand was estimated based on @f}
the following three (3) conditions.

Case Residential Use Other Uses
1 : As planned in NPDS - lAsplanmmed inNPDS
2 160 % value of NPDS As planned in NPDS
| 3| Estimation based on Census data in 1986 and 1996 | As planned in NPDS

(1) Population Growth

As mentioned above, future population growth is ecstimated in three (3) cases
mentioned above. Projection of population growth is shown in Fig. 5.2-1. The
results are shown in the table below.

City Name 1996 2017
Case | Case 2 Case 3 é )
1B Tur oo 14855 G 110,023 66,014 12,227 ’
Urban/Rural | 12,072/2,083 | 104,522/5501 | 62,7137/3,301 | 68,616/3,611
2 Sharm El Sheikh | 197 1 131,846 19,108 179,426
Urban/Rural | 4,799/2398 | 12525476,592 | 75,15273,955 | 17045578971
3 Dahab 0 3,758 | 90,143 | - 54,086 | 22,7965
| | Uiban/Rural | 1,07772,681 |  82,932/7211 | 49,759/4,327 | 1555477211
4 Nuweiba |- L5657 4 113969 i 68381 ; 33841
_ Urban/Rural | 2,405/3,252 | 104,851 /9,118 | 62,911/5471 | 24,723/9,1i§
SSt.Catherine | 4219 |} A3y 32,065 4 6,324
| Urban/Rural 75473465 | 13,034/4345 | 7,820/4345 | 198074345
6 |Abu Rudeis 1 7438 F 10,043 | 10,043 | 16217
i Urban/Ruwral | 4,1527/3286 |  6,026/4017 | 6026/4,017 | 9,730/6487
7 :Abu Zenima 5570 T 6,026 6,026 19,992
|| Urban/Rural ! 2,64572925 | 2,832/3,194 | 2,832/3,194 | 9,796/ 10,196
8§ ‘RasSudr , - 6,501 - 219,776 131,866 9,626
0 Urban/Rural | 1,419/5082 | 195,601/24,175 | 117,360/14,505] 2214/7412
_ Total T 53495 1 699,204 427,688 360,418
| | Udban/Rural | 29323725172 | 635,051/64,153 |384,574/43,114_1303,067 /57,351




)

(3}

(4)

Tourism

The major tourist resort zones in South Sinai are located along the coast area of the

Chagter V
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Gulf of Aqaba and the Gulf the Suez, with an abundance of marine attractions.

most representative one is Sharm El Sheikh followed by Nuweiba and Dahab.
addition, Ras Sudr and its adjacent arca recently show rapid growth in tourism,
Catherine is another atiraction arca close to “Gebel Musa™.

1997 reached approximately 23,000 capita per day.

Its growth is estimated as the table betow.

Total tourist number in

(Unit : capltafday)

B City Name 1997 2002 2007 2012 2017
EtTee 188 451 | 5561 66! | 713
Sharm Ll She;Lh lS ,056 17 718 18,605 ¢ .19 492' ‘20 379
Dahab L1z 4 737 B 6687‘ 8,636 96[1
Nlmeiba B 3 204 | 8 338 l_O 905 13 472 15 183
St, Catherine 1058 | Ls44 | 1,739 1933 1 2,030
Ras Sudr 1,673 4 142 6,611 9,079 11,548

Total 22,992 36,929 | 45,101 53,273 59,465 |

Estimation of Industrial and Other Development

Present main industry in South Sinai is pelroleum, mining, building material

production, and mechanical and electrical appliance

According to the NPDS, development seems to be planned mainly in the field of
mining, chemical and construction material.

However, its figure is not clear.

Estimation of development area in the sector is estimated as follows.

{Unit : hectare)

Cily Name 1997 2002 2007 2012 2017

| BiTur LU S 3 B = 181 21
Ras Sudr 10 12 15 18 21
Total 20 24 30 36 42

Estimation of Agricultural Land Expansion

Existing agriculiural lands are distributed in the Ei Qaa Plain, the Wadi Feiran, the
Ras Sudr Coastal Plain and the Nuweiba Coastal Plain. Expansion of those
agricultural land and development of new agricultural land are planned in the NPDS
as shown below.
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(Uml hcctar»)

Ar-.a ___1996 1997 g{]ﬁ(}gﬁ 2007 _‘2012 2017
HQaa Plam - 3361 346, 36; 346 - 7639‘ 887
\‘r’adlietran 84 87 88 | 93 98, 103
RasSude | 63| &St 157|  214) 264 300
Nuweiba 105 108] U8 156l 210, 294
Abu 70:11111’1 7 0 0 200 21 _ 2] B 2]
Wadi Gharandal 0o 330 45 ssl 63
Ras Nasrani 0 0 55 75 92 105
Dahab 7 S0 o] 1ss 216 2820 315
Wadi Watir o0 67 89  120{ 168
Malha 1 o 0 1211 1es]  203] 23
Matha 2 o 0 b 1esi 203} 231
Malha 3_ 00 199 270 333 378
Themed 0 0 375 LU 628 114
SE(E[LH‘[cnan o 0 0 375 510 6281 714
- Ea}u 588 606! 2,249 3,074!  3.826! 4,524

Iistimation of Future Water Demand
Unit Water Demand
Unit water demands applied to the estimation are as follows.
i Sector Unit water demand
Potable water SN
Utbanarea _____[_)_24 ‘_rg_’!_c_'_ipnta/day
- Ruratarea | 0.12_ m’/capita/day
Tounsm - 040 }!ffvc?pltiajg!a} ]
Induslml i k___inm_.l]l’/ha.f(}_a_y ]
Agriculture 16.3 m’/ha/day

Future Water Demand

Future water demand in whole South Sinai in 2017 is estimated on the basis of the

above unit water demands.

The results are 272,965 m*/day for case 1, 205,307 m*/day for case 2 and 186,558

m*fday for casc 3.

demand in Central sinai.

The itemized results for each case are as follows.

These figures include 36,963 m’/day of agricultural water
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<Iistimated Water Demand of Scuth Sinai in 201 7>

,,,,,,, (Unit: m’/day)

[Case I I Potable | Tourism ; Industry i Othiers | Sub-total Agriculture Total
L Tor 23045285 2247 1AM 29
Sharm [ Sheikh | 30,852~ 831s2] 0, 1,050]
20,769] 1,231
Nu\\elb'l 26 258
St Catherine 3,649

AbuR e —

"""" B SR )t RN ¢ SRR N 53
RasSude | o845 4619 2347 2836
Taba 0 0 147

Total 160,111;  26,728; 4,494 9,567 200,897]

Case 2 Potable | Tourism Industry ; Others | Sub-total JAgriculture|  Total
e 28301348 83412934 14464 32,399
8,152 0;

0
0
0

AbuZenima | 1,063 0
RasSude | 29907 4619] 1348 1, 50241 45,2
[ Taba 0 2942 o 141l 308 0 3,089
Total 97471]_26,7271 2696 6345 133239 3s5.101] 168,340

Case 3 Potable | Tourism ] Industry i Others | Sub-total [Agriculture Total

£l Tur 169011 285 13481 9271 1946}  14,464| 33,925
Sharm El Sheikh | 41,986 81521 0 2507 $2,6451 0| " 52,648
L3846 4zl 38edl 5135 13,99

Nuw elb'i
46190 1348 .16

b 5043 e
fotal 19,6171 26,727 2,696

114,492 149,591

<Iistimated Agricultural Water Demand in Central Sinai>

Unit: ni'/day

Arca 1996 ¢ 1997 | 2002 | 2007 | 2012 | 2017
Malha | 19721 2,690, 3309 3,765
Malha 2 - CR9721 2,690, 3,309 3,765
Malha 3 3,243] 4401 5428, 6,161
Sub-Total 97810 12,046 13,691
Themed
Sudr Bl Heitan

6,112] 8313 10,236 11,638
Total

e = m -
§

6,112 83131 10,236/ 11,638
23,346 26,4070 32,518 36,967

elegee o
iRl
-~
>
0
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CHAPTER VI GROUNDWATER DEVELOPMENT PLAN

6.1

6.2

6.2.1

1)

2)

Basic Concept of Groundwater Development

The water demand in South Sinai is estimated 39,289 m*/day in 1997 except agricultural
use.  On the other hand, capacity of water supply facilitics is 33,820 m*/day which is a
deficit of 5,469 m*/day.

The NPDS intends to increase the total water demand up to 272,965 m*/day in 2017
including agricultural use: 235,998 m’/day for domestic and 36,967 m’/day for
agricultural vse.

This increasing water demand will surge to the Nile River. However, according to
M.B.A. Saad and M.S.M. Farid {1996), the watcr demand in Egypt will increase to 82
billion m? in 2027 while Lgypt’s share of the Nile water is [ixed to 55.5 billion m*/year,
Although other water sources are considered, deficit of water source is estimated 1.7
billion m*/year.

Therefore, it is essential to make groundwater development plan for decreasing the load
to the Nile River as much as possible.

The plan is to cover the newly added water demand for 2017 to the existing water
demand in 1997.

Groundwater Development Plan
Scope of Groundwater Development Plan
Prospeclive Aquifer Area

Considering the potential and water quality of aquifers, following prospeclive aquifer
areas are selected based on the discussion in Chapter IV.

(1) The Main Block of the Lower Cretaceous Aquifer
(2)  The Quatemnary Aquifer in the El Qaa Plain

Service Area

In the Study, the main service arcas are classified as follows.

(1) Domestic water supply to the western side of South Sinai (Ras Sudr, Abu
Rudeis and Abu Zenima)

(2) Domestic water supply to the eastern side of South Sinai (Nuweiba)

VI-1
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Chapter 1l

Pomestic and irrigation water supply to ¥l Qaa Plain (1] Tur)

Damestic water supply to Bedouin communitics

Croundwater Developmeni Plan

Irrigation water supply to Sude Bl Heitan, El Malha and Themed arcas

Service arcas and water sources (development areas) are shown in Fig, 6.2-1 and 6.2-2.

Extraction Valume to be Developed

The estimated total water demand in 2017 is 272,965 w’/day, while the present water

supply capacity

is 33,820 m*/day.

239,145 m/day (=272,965 m’/day - 33,820 m’/day).

‘Therefore, nccessary development volume is

Considering the supply areas and necessary quantity of groundwater, aa_ﬁount to be
developed is allocated each aquifer area as shown below.

um‘sut‘:-r\'ice A_rea Davelopmenl Arca Type of Aqui{ewr"m _Ex"éf,l;é}:;;ate
- Western side of { Western side of the Main Block Lower Cretaceous 57, 500
South Sinai | (southeast of Sudr El Heitan) o
Iastem suic ‘of | Eastern side of the Main Block |
South Sma: “{{(southcastof Nakhl) Lowcﬁrffrcfccout‘sw B 35 000
FlQaa Plam INNEofBlTur i Quaternary - 5,3Q{Lﬁ*ﬁ
Sudr Fl Heltan |In !hg‘_sg_[yu:_e_qrea _lLower Cretaceous g .__‘,41,1,1199;,,,,,,,
H\‘falha arca | Inthe servicearea Lower Cre!aceous {13,760
Themed In the service area . | Lower Cretaccous 11,700

Water Quality Required
Required TDS is decided based on the Drinking Water Standard in Egypt.

For domestic water supply, it is 1500 mg/l. In case of irrigation water supply, it is
generally 3000 mg/l, however, it is also decided as 1500 mg/l because this water is also
supplicd to farmers as potable watcr.

Water Conveyance Route

After exploiting from the production wells, groundwater is scnt to each service areas.
In this Study, the waler conveyance routes are considered up to the distribution tanks
and the study of distribution system is not included.

Following five (5) plans of conveyance roules are to be studied.

(1) Plan l: From the Main Block (southeast of Sudr Il Heitan) to western side of

South Sinai (Ras Sudr)

{2) Plan 2: From the Main Block (southcast of Nakhl) to eastern side of South Sinai

VI-2
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(Nuweiba)
{3) Plan 3: From the El Qaa Plain to 1 Tur
{4) Pland A, B, C: Within the project arca
(3) Plan 5: Within the comununitics

Among the plans above, study of conveyance route is not neeessary in Plan 4 and Plan 5

because water sources are developed within the service area.

three (3) plans were studied.

Plan 1

Therefore, remaining

Ras Sudrt has the largest water demand among the citics in the westemn side of South
Sinai except Sharm Bl Sheikh. To micet its demand, groundwater from the Main
Block shall be sent to Ras Sudr and be connected with the conveyance main of the
Nile water. There are two (2) alternatives: (A) to run along the road from Sudr El
Heitan to Ras Sudr and (BB) to run along the Highway between Nakhl and Suez, then,
reach the junction of Highways about 17 km north of Ayun Musa. Result of

evaluation is as shown below.

Route | Distance j Highest Poinli; Necessary | Access Road " Fasiness of Laying
| 4 (k) (mASL) | Head{m) | Out
A b 64 b 535 0 (pravily) | good easy
B 94 630 5 80 good _easy

_ South _Sinai.

Based eon the evaluation above, the conveyance route A was selected for the Plan 1.
Plan 2

Nuweiba including Taba area has also large water demand in the castern side of
Especially, Taba area is expected to develop as tourists site as Sharm
1 Sheikh. The Plan 2 intends to develop groundwater at the south of Themed and
convey water to Taba and Nuweiba through Naqb avoiding hazardous route of the
Wadi Watir. After reaching to the coastline of the Gulf of Aqaba, water will be
separated for use in Taba and in Nuweiba.

Distance

| Easiness of Laying |

Highest Point | Necessary
Route | 71y 1) (MASL) Head (m) | 6°°% Road Out
A 181 _780 . 300 i casy  |Partlydifficult
I U Difficult to protect
B 189 782 322_ casy against flood

Based on the evaluation above, the conveyance roule A was selected for the Plan 2.
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Chapter VI Growndwarer Development Plon

(3) Plan3

Groundwater dcﬁclopmcnt arca is located about 17 km NNE from El Tur. The

conveyance route will be along the road to the Wadi Hibran. Total length of
conveyance pipeline is 9 kmi.

6.2.2  Design Condition

1) Development Water Capacily

The devclopment water capacity in the target year of 2017 for the facilities plans are
shown in the following table.

Developiment | Development Main Purpose

Service Area

Plan Capacity of Supply
o (111’iday} ﬁﬁﬁﬁﬁ - ' _

Plan 1 57,500 gizg‘f' Abu Zeaima, Abu g i dential use™”
~Plan2 | 35,000 Nuwelba(mcludmg'l‘aba) o

Pln3 | 5300 ElTer ] W
“:VMPIan 4A b 147000 1SudrEl Heitan Agricultureuse

Plan4B | 13,700 [Malha - e

Plan 4C _ 00 T 'I‘h'.med - o Mﬁ" o
 Plan 5 5725150 Bedmun Commumty e Common use

Note:¥1: Residential use is including the fulure water demand for tourism and industrial use.
*2: Capacity in the target year of 2007

2)  Groundwater Development Facility

QOuthine of the development facilities is shown below,

Developmentt _Intake facﬁiliﬁtxmm | Conveyance Facility . _

Plans Capacity Intake Well Pipeline P/S Plpelme , Reservoir
(m*day) | Nos| Depth(m} iLength (km)] Nos |Length{km)| Total Cap (m’)xNoisM

Phnl 57, S00 | 92 “1_000_“ 10e 1 64 ?250)&4

Plan2 | 35000 |56 1,600 | 70 | 4 | 8t [ 7250x4
Plan 3 s300 [ o) 1ss | 19 | o | 9 | 1400x2
PlandA | 1700 19 w0 ;7 Lo I o | 360x19
PlndB | 13,700 |22 | 1000 ¢ 7 0 0 360x22
PlandC | 11,700 19| 1,600 | 7 i 0 | 0 ! 360x19
PansA | 5 |1+ 20 1 01 o | o0 osxi
PlansB | 25 |11 20 | o1 | o0 | o 25kl
PlansC | 50 2 20 ol | oo 0 s0x1

Purification facilities are not included because water sources are extracted from deep
wells.
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6.2.3

Design Criteria

Chapter It Growndwater Development Plan

Unit water demand and water quality are discussed in 5.2.2 of Chapter V and 6.2.1 of

this Chapter, respectively.

Design standard applied to the Study arc as follows.

a. ‘The ligyptian Code of Practice for the Design and Construction of Pipelines for
Water Supply and Sanitary Drainage Nets, MODANC 1990.

b. If the above code is not sufficient to do the designing, the criteria of Japan Water
Works Association will be used as the reference materials.

c.  WHO Guideline.

Other criteria for water works facilities are as follows.

ftem

Ty

Criteria

Pipe materials{collection and
conveyance pipeline)
Connection methods

_Maxnmum inner rpressure

‘Minimum Soil cover depth_

cast iron pipe

| steel pipe: welding and flange type
p = lessthan 120 m

Interval of valve installation
Capacny of the distribution
water reservoir

h = morethan120em "
L = lessthan2km

steel pipe, poly;/_inyl chloride pipe ({i:fiﬁfé)iaﬁanr'i_ﬁaiiléq
ductile cast iron pi plpe u-PVC: socket ty pe

Vi
V2

more than 12 hr (for the urban arca)
more than 24 hr (for the rural area)

il
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6.2.4  Planning of Water Development Facilities

1} Oatline of Facilities

Chapaer Vi

Cresordwater Bovelopment Plon

Outline of cach facilities from Plan 1 to Plan § is summarized as the table below.

Detailed study results such as hydrautic caleulation, list of pipe materials are described
in Chapter X111 of the Supporting Report,

Hem Plan 1 Plan2|Plan3}  Pland 1 Plan3

B o L AA 4B 4C 5A 5B SC
Iutake Facilities . o ) o _ ) ,
Wells (Total) : 920 s6 9 19 22y 1% 1 R 2
Produchon well 26 48, 7 16 19 R L] R | R |
Stand-by well L2 ooso oy 3 3l oy 0 0 0
Water cap"tcsly pera \\-,II m’/day B ?20 S 7200 7200 7200 0 7201 720 5 251 25
. 300 3 30 . 30, 300 30 ot s S
Well depth (Maximum) | 1,000} 1,0000 155} 1,000, 1,000 1,000 20/ _ 20| 20
_Collection pipeline (\ull to Collecuon Tank) v |0y

0.125 10.125 [0.125 - :

l)tamet-cr 00 08 ~03 0.125; 0.125 0.125] 0.040 0080 0.080
Conveyance Faclites ¢+ [ ¢ ¢ |
‘Nol Pumping Station I L . | L - - .
Prnssure reduce tank _ A4 ) I P - - - - -
Conveyance papelme ((‘ollcc{cdlank to Reservo:r) } ~
Diameter 00‘%'9“‘ 0]6; 0.4? - - - - - -
Length | 64l sl 9 - @ - Lo b - -
[)islrlbuIIOn \nturrpseno:r 4 242 2168 _19;' 16 1 12
Capacity 7250, 700 | naoe) 360 360 360, s 25 25

2) Description of Groundwater Development Facilities

(1) Plan 1: Water Supply to Western Side (Ras Sudr, Abu Rudeis and Abu Zenima)

The plan is to supply 5?,500 n’/day of water 1o the western side of South Sinai.
The intake points for the water sources are located in the southern area of Nakhl.
The extracted water will be conveyed to the d_islri'bmion water reservoir located in the
suburb of Ras Sudr through the one (1) pumping station and four (4) pressure reduce

tanks.

The water flow diagram is shown below.
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l‘rg S5uLe R-.duu
Deep Well (1) -(92) ! - BImping —
{with pump) ‘b Collected Tank —J> Sm!mn C,§ Ilﬂg(l; (: ;”: ("\':‘?
[N Lot ¥

U SV S - ——

&4:\_;—,—;; Gravuy Now

Gravity flow after
extrocted from wells

Gravit !1.;\\_-- ‘G-;*.‘::‘:“G“ after T_iiifi ﬁ: r )
’ Coupeup || Do v

The lengitudinal profile of conveyance pipeline is shown in Fig. 6.2-3.

(2) TPan 2; Water Supply to Eastern Side (Nuweiba including Taba)

The plan is to develop about 35,000 m*/day of water for water demand in the eastern
side of South Sinai. The intake points for the water sources are located in the
southeastern arca of Nakhl, The cxtracted water will be conveyed first to the
distribution water reservoir located about 10 km southwest of Taba through the four
(4) pumping station and seven (7) pressure reduce tanks.  An amount of 2,940
m’/day of water is led to Taba and remaining 31,520 m*/day of water is conveyed to
Nuweiba.

The water flow diagram is shown below.

Deep Well {13-(90) {:> [:D Pumpmg Pressure Reduce Tanks
l( {with pump) Collection Tank Stations (n=34) (n =7, every 100 m in height)

ﬂ ’JOIJ\ ity Now ]

-

Gravity flow after - . Gravity flow aller o ﬁ" T
extracted from wells Gravity flow l pumped up Distribution ]

Water Rescrvol

The longitudinal profile of conveyance pipeline is shown in Fig. 6.2-4.

(3) Plan 3: Water Supply to El Tur

The plan is to supply 5,300 m%day of water to Bl Tur. The intake points for the
water sources are located about 17 km NNE from El Tur,  The extracted water will
be conveyed to the distribulion water reservoir located about 8 km NNE of Ll Tur by
gravity.

The water flow diagram is shown below.
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well {1)-( p— .
{with pump) J - i> Collected Tank

F;T\') Distribution
Water Rescuvoir

Gravity flow after Gravity flow
extracted from wells

The longitudinal profile of conveyance pipeline is shown in Fig. 6.2-5.
Plan 4: Water Supply to Agricultural Farms (Sudr Tl Heitan, El Malha and Themed)

The plan is to supply irrigation water and potable water to the project areas: 11,700
m’/day to Sudr El Heitan, 13,700 m*day to El Malha areas and 11,700 m*day to
Themed. Water intakes are located in each project area.  Extracted groundwater is
directly conveyed to the distribution reservoit,

The water low diagram is shown below.

We.:!l (1)-(n) — :> Distribution
(with pump) i Water Resenvolr

um Well rvoirs
Plan 4A : 19 seis
Plan 4B : 22 se¢ts
Plan 4C : 19 sets

Pressurized flow

(5) Plan 5: Water Supply to Bedouin Communities

The plan is to supply water for residential and agricultural uses to Bedouin
communities scatfered in South Sinai.  Groundwater is extracted by dug well and is
led to the distribution tank near the well. '

Considering the size of communities, following three plans were prepared:
Plan 5A: Water Demand 5 m*/day
Plan SB: Water Demand 25 m*/day

Plan 5C: Water Demand 50 in’/day

The water flow diagram is shown below.

VI-8
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6.3

6.3.1

Chapter VI Groundwater evelopment Plan

_ Well S . ,:3 Distribution
{(with pump) T T T T T T T T Y Water Reservoir

Management, Operation and Maintenance Plan
Management Plan

The requirement of consumers on the water supply is that, it is satisfactory with regard
to the water quanlity, quality, and constant supply. In other way, the supplier has to
supply consumers with stable and safe water. As water is one of the basic human
needs which affects preservation and cvolution of the socicty, it is not too much to say
that the water supply project is very important for the social welfare.  Moreover, the
development and/or expansion of water sources which is in accord with the water
supply planning for the future water demand, is an essential element for the
administrative bodies. The establishment of an impartial water tariff syster should be
considered 1o reach early achievements from the above points of view.

From above things, administrative bodies for water works shall take into account that it
is required for each service area to conduct operation and maintenance of the water
works. Administration of these matters must consider the fairness for consumers and
unification of the policy.

Important matters for the indices of water control arc mentioned below, and
establishment and execution of them are expressly matters of weight for South Sinai
with insufficient water sources.

(1)  Establishment of management organization for municipalitics.
{2) Establishment of an impartial water tariff system
(3)  Thorough review of the water quantity and quality control

(4) Diffusion of economization concept to increase water consumption awareness
and improvement of the water implements

(5) Prevention of water sources pollution

V-9



6.3.2  Opcration and Maintenance Plan

Praper operation and maintenance of water works might be difficult due to lack of water

Chapter VB Groundwater Developnent Plan

engineers, related facilitics and budgets in respective municipalities.

and States, should actively partticipate.

1)  Organization and

As an example, the organization for water control department is shown below.
owever, personnel required will depend on the scale and technical outline of the
facilities. The personnet plan will also be related to the employment situation in the

jurisdiction area.

I Director . (j_wi:>

N

N

2)  Operation and Ma

The operation of facilities is conducted for the whole water works from intake to
distribution facilities. Facilities are usually operated 24 hours a day. Therefore, the
working schedule of operation personnel for the water [acilities will be considered in

Personnel Plan

{ Administration ) C.__.$

( Enginecering
___S.ta_fis_.j (::>

Maintcnance :V:\
Division

intenance of Facilitics

Of course central adminisiration such as Governorate

The required matlers and the outline of an
operation and maintenance are given below.

However, it is
desirable in the future to be carried out by a unit organization with proper knowledge
and cxperience of water works.

B e

.General Aflairs
Collection Water Tarift
Financial Affairs

. Contro! of Subcontractors

B G N

. P.!anning
. Desipn

Construction

. Water Rate & Quality Controt

. Operation of the Facilities
. Transportation

Civil & Building
Machine
Electricity
Instrument
Pipeline

three or four shifis a day in addition to the workers in the daytime.

On the other hand, management of the maintenance system should be composed with
personnel from each special field mentioned above.

Vi- 10
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6.4.1

1)

2)

64.2

1)

Chapeer VI Grownheater Developrrait Plun

as an cmergency measures,

The important matters of daily works which are indispensable for the maintenance
works and for which even greater efforts should be made, are ;

(1) detectors for water meter and automatic control system.

{2) disinfection facility for direct influence to human bodics
Implementation Plan and Cost Estimation
Implementation Plan
Organization for Project Implementation

South Sinai Development Authority is responsible for developing water supply system
except developing wells for agdculture,  This auwthority conducts design and
construction of intake facility, conveyance/transmission pipeline, distribution reservoir
and supply pipeline. In addition, conveyance/transmission system for water supply is
operated and maintained by the anthority.

On the other hand, General Directorate of Water Resources in South Sinai, MPWWR
and WRRI basically are responsible for design and implementation of Water Resources
Development Project for agricultural and rural water supply.

Implementation Plan

Implementation plans for the projects are proposed considering the balance of water
demand and supply in the future.  Also it is important to consider efficicncy for water
supply within each area. In addition, it is nccessary to deliberate site conditions,
availability of construction materials, equipment and machinery.  Thus, proposed

implementation plans are shown in Table 6.4-1.

Project Cost
General
The project cost should be estimated under the following conditions.

- The civil works are contracted on the contract basis. The machinery and equipment
required for construction works will be provided by the contractors. Therefore,
depreciation costs of machinery and cquipment are included in the estimated
construction cost.

V- 11
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Chapter Vi Groundswater Development Plan

- The cxchange rates between Bgyptian Pound and U.S. Dollar/Japanese Yen are
adopted based on the average from October in 1997 to March in 1998,
1 USDollar = 339LE = 1333 Yen

- Land acquisition cost is not necessary because project sites belong to government.

Cost Estimation

Unit costs for various items of work should have been analyzed at the time of March in
1998 bascd on the unit costs of similar projects, quotations of contractors and current
market prices. Construction costs arc estimated by these unit costs for individual
components. Costs of temporary and preparatory works for each component are
assumed 10 be included within the costs of miscellancous works.  Project cost includes
contingencies, enginecring and administration cost. Enginecring and administration
costs are assumed as 5 % of the construction cost respectively.  In addition, physical
contingency is estimated at 15 % of capital cost.  These percentages are adopted based
on the other similar projects.

Operation and Maintenance Cost

Operation and maintenance cost consists of the annual salaries/wages of the staff for
O/M, operation cost of pump, repairing/maintenance cost of facilitics, depreciation and
fuel cost for transportation, administration and general expenditure. These costs are
calculated on the basis of the unit costs and information about G/M provided by SSDA,
WRRI and MPWWR.

Summary of Project Costs and O/M Costs

projee | PRIt | QT on | o PrfecCost | O o

’ ’ Pipeline {1,000 L E.) ’ ' ’ T
Plan | 461,500 208,200 665,700 : 11,600
Plan2 | sissoo L 137600 | 673400 | 15100
Pland | 17000 | eseo0 | 82000 | 400
T Rt .2
PandB | 86300 | 22400 | 108700 | 2,50
Pandc | 74500 | 19000 | 93500 | 2000
Panss | 191 - 1 LI R
i L R S 1 I

Cost estimation for each plan is shown in Table 6.4-2 (1) to (3).
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Table 6.4:2 (1) Cost stimatlon for the Project of Ptan 1

Item L Cost (LE} Remarks
(A Well  (Number of Well: 92) 261,312,660
B Collection Pipcline  (Total Length: 109.2km) 23,186,093
C Pumping Station  {Collected Fank: 2, Booster Pump: 1)  § 7,065,738
D Surge Tank  (Number of Tank: 1) 26,659
12 Pessure Reduce Tank (Number of Tank: 4) 796,084
I' Conveyance Pipeline  (Total Length: 64.0kin) 66,860,562
G Distribution Water Reservoir  (Number of Reservoir: 4) 5,610,420
H Total Construction Cost 364,858,216
! Administration Cost 18,242,911 |5% of Above H
E Engincering Cost 18,242,911 |5% of Above H
K Physical Contingency 60,201,606 }15% of Above H~]
Total 461,545,644
Annual Operation and maintenance Cost 11,600,000
Table 6.4-2 (2) Cost Estimation for the Project of Plan 2 o
. Item : Cost (LE) Remarks
A Well . (Number of Well: 56) - ‘ 159,059,880
B Collection Pipeline - (Total Length: 69.8km) 15,591,267
C Pumping Station  (Collected Tank: 8, Booster Pump: 4) 24,422,389
D Surge Tank  (Number of Tank: 4) : 80,284
E Pessure Reduce Tank  (Number of Tank: 7) - 1,209,600
F Conveyance Pipeline  (Total Length: 181.0km) 220,407,077
G Distribution Water Reservoir  (Taba: 2, Nuweiba 2) 2,788.446 |
H Tota! Construction Cost 423,558,943
[ Administration Cost 21,177,947 |5% of Above H
J Engineering Cost 21,177,947 }5% of Above H
K Physical Contingency 69,887,226 |15% of Above H~J
Total 535,802,063
Annual Operation and maintenance Cost 15,059,900
Table 6.4-2 (3) Cost Estinration for the Project of Plan 3 . s
: Item Cost (LE) - Remarks
A Welt  (Number of Well: 9) 5,820,066
B Collection Pipeline (Total Length: 18.6km) 2,535,799 |
C Collected Tank  (Number of Tank: 1) ' 190,092 1
1) Conveyance Pipeline  (Total Length: 9.0km) 4,245,678 |
LI Distribution Water Reservoir  (Numnber of Reservoir: 2) 771,654
F Total Construction Cost 13,463,289
G Administration Cost 673,164 |5% of Above F
H Engineering Cost 673,164 5% of Above F
I Physical Contingency 2,221,443 |15% of Above F~H
Total 17,031,060
Annual Operation and maintenance Cost 411,100
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Table 6.4-2 (4) Cost Fstiriation for the Project of Plan d
Cost Estimation for the Project of Plan 4A & 4C

Item Cost (LI}) Remarks
A Well  (Number of Well; 19) L 5§3,966,745 -
B Pipeline  (Total Length: 6.7km) 1,256,103
C Distribution Water Reservoir  (Wumber of Tank: 19) 3,693,019 ]
P Total Construction Cost 58,915,897
I:” Administration Cost | 2,995,795 |5% of Abave D
F Engineering Cost 2,945,795 |5% of Above D
G Physical Contingency 9,721,123 | 15% of Above D~F
Total 74,528,610
B Annual Operation and maintenance Cost 2,138,100
Cost Estimation for the -Proljcct of Plan 4B B
Item Cost {I.LF) Remarks
A Well  (Number of Well: 22) 62,487,310
B Pipcline  (Total Iength: 7.7km) 1,450,468
C Distribution Water Reserveoir  (Number of Tank: 22) 4,276,162
D Total Construction Cost 68,214,440
E Administration Cost 3,410,722 15% of Above D
F Engineering Cost 3,410,722 |5% of Above D
G Physical Contingency 11,255,383 |15% of Above D~F
Total 86,291,267
Annual Operation and maintenance Cost 2,529,100

VI-15



Table 6.4-2 {(5) Cost Estimation for the Project of Plau S
Cost Estimation for Ila_g_i_’_!‘pkgl ol‘Pl_an_S_é____

Ttem Cost (LE) Remarks
A Dug Well _ (Depth: 20m Number of Well: 1) 109,410 |
B Pipeline  (Total Length: 75.0m} L 4,150
C Distribution Water Reservoir  (Number of Tank: 1) 12,143
D Total Construction Cost 125,703
F Adminisiration Cost 6,285 |5% of Abovo D
F Engineering Cost 6,285 |5% of Above D
G Physical Contingency 20,741 |15% of Above D~F
Total 159,014
| Annval Operation and maintenance Cost 9,100
Cost Estimation for the Project of Plan 5B
_ Ttem Cost (LE) Remarks
A Dug Well  (Depth: 20m: Number of Well: 1} 117,810
B Pipcline  (Total Length: 75.0m) 4,159
C Distribution Water Reservoir  (Number of Tank: 1) 28,925
> Total Construction Cost 150,885
F Administration Cosl 7,544 |5% of Above D
¥ Lngincering Cost’ 7,544 {5% of Above D
G Physical Conlingency 24,896 |15% of Above D~F
Total 190,869
Annual Operation and maintenance Cost 11,100
Cost Estimation for the Projeci of Plan 5C
Item Cost (LE) Remarks
A Dug Well  (Depth: 20m Number of Well: 2) 235,620
B Pipeline  (Total Length: 150.0m) 8,300
C Distribution Water Reservoir  (Number of Tank: 2) 147,850
D Total Construction Cost 391,770
I Administration Cost 19,589 15% of Above D
F Engincering Cost 19,589 |5% of Above D
G Physical Contingency 64,642 |15% of Above D~F
Total 495,580
Annual Operation and maintenance Cost 15,100
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