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Fig. 3.3-4 (2)  Geoelectric Profile in El Qaa Plain ( Line B)
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3.3.2

1}

2)

Chapter 118 Hydrogeology

Coastal Plain

Main coastal plains are formed in Ras Sudr and Nuweiba. Their locations arc shown

in Fig. 3.3-1.  In both areas, groundwater has been extracted for domestic and
irrigation usc.

Ras Sudr Coastal Plain

Ras Sudr Coastal Plain was formed by the Wadi Sudr facing to the Gulf of Stucz.
Agricultural farms are wide spread on the coastal plain.  This arca is also one of the oil
ficlds in Sinai, In addition, new development of tourism is going on, spreading the
area to the north and south,

Groundwater is extracted by 35 dug wells for private ‘sector. - Their ‘invcntory' and
locations are shown in Table 3.2-6 and Fig.‘ 3.2-6, rcs;)ccl'ivcly. The well ficld
distributes in front of the outlet of the Wadi Sudr.  The shape of the well ficld is like an
oval clongated in N-S direction.

Static water leve! in this arca is generally less than 4 mASL as shown in Fig. 3.3-13.
The contour line of water level (mASL) is also drawn in the figure. It reveals that
oroundwater gently flows from east to west with slight gradient, while depth to water
level gradually increases to east.

TDS is shown in Fig. 3.3-14 zmd it is in a range between 2,450 and 7,624 mg/l. Al the
TDS values are over the Drinking Water Standard. In addition, CI, SO,* and Ca®
cantents are over the standard in most wells.

Contour line of the static water tevel and TDS $h0\v that groundwater flows into the
coastal plain from the Wadi Sudr (Refer, Fig. 3.3-13 and 3.3-14, respectively).

Only onc (1) well’s data is available for water type as shown below.

[ : h . Winter (Feb. 199;?) Summer (Aug, 199?}
¥ T NPV S e A O AU Wiiarih U A, Yol = et
§r. I\f’_ Code “_‘_‘; N Name Aqifer Water Type | TDS [Water Type] TDS
14 1 25BC-009 A. K. Khamis ;Quaternary,  MgS0, 4360 NaCl 4565

Water type is MgSO, in winter and changes to NaCl in summer.

Nuweiba Coastal Plain

As shown in Fig. 3.3-1, Nuweiba Coastal Plain is formed in the outlets of the Wadi
Watir (Fan 1), smatl wadi (Fan ), Wadi Sadha k|l Samra (W. Black Samra) (IFan illa)

111 - 64



Chopter Y Hidrogeology

and Wadi Samra El Beda (W. White Samra) (Fan Hb) facing to the Gulf of Aqaba.
The plain is composed of threc (3) Fan Deposits derived from each wadi.  There are
Nuweiba City and agricultural farms in the plain,  Nuweiba City is onc of the most
important tourism sites in South Sinai.  Number of hotel for tourism is increasing.

Groundwater is extracted by 30 wells, consisting of 25 dug wells and five (5) cased
wells.  Their inventory and location are shown in Tablc 3.2-10 and Fig. 3.2-10,
respectively.  Cased well are constructed in the fanhead, while dug wells are located at

the foots of the Fans,  Relation between topography and well location is shown in Fig.
3.3-15.

Static water level (Refer to Fig.3.3-16), water quality {TDS, refer to Figure 3.3-17) and
groundwater exlraction rate are classified into following four (4) groups depending on
the locations.

well Group SWL | TDS |  Extraction
(mBGL) (mg/l) {m’/day/well)
Cased Well (Fantop of Fan ) 285-4015{1783-9470]  2500¢
Dug Well (Northern fanfootof Fanl) | 6.68-144 | 1639-3961|  20-80
Dug Well (Southern fanfoot of Fan ) | 7.4 - 11.95 | 2741 - 8823 10-80
Dug Well (Fanfootof fanllla) | 2.5-10.24 {2788-11790]  1-20

* 1 total extraction of cased wells

[n all the wells, TDS is more than the Drinking Water Standard.  Further, Cl, SO, and
Ca®' contents are over the standard in most wells.

Total extraction rate from groundwater is approximately 3,200 m*/day.
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Chapter HE - Hydrogeolopy

Wadi Arca
Groundwater in many wadis hias been used by Bedouin people. These wadis are,
<Western side of South Sinai>

Wadi Feiran and St Catherine {(Wadi Shcikh), Wadis Garf and Babaa, Wadi
Gharandal

<Pastern side of South Sinai>

Taba arca, Wadi Watir, Wadi Zalaga, Wadis Zaghara and Nasb, Wadis Saat and Safra,
Wadi Dahab, Wadi Kid

<Central Sinai>
Upstrean of Wadi El Arish

The Quaternary Wadi Deposits are distributed as shown in Fig. 3.3-1 and ar¢ the main
aquifer in the area. Groundwater is exploited by dug wells.  Water use is for
domestic and irrigation.  Inventories and locations of dug wells are shown in previous
clause as Table 3.2-2 to 3.2-16 and Fig. 3.2-2 t0 3.2-16.

The Wadi Deposits 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, the upstream of the Wadi El Arish and Wadi Watir. Basement of
the Wadi Deposits in cach wadis is summarized as follows.

Basement Wadi area
Upper stream of the Wadi El Arish
e T T Wadi Gharandal
| Lower Cretaccous to Paleozoic Sandstone | Wadi El Garf, Wadi Babaa
Wadi Feiran, St. Catherine, Taba area,

Wadi Watir, Wadi Zalaga, Wadi Saal,

Wadi Safra, Wadi Zaghara, Wadi Nasb,

— s D e R A — JE—

Eocene and Upper Cretaceous Limestone

Precambrian Basement Rocks

~In order to supplement the geophysical survey results by WRRI and to confirm the

thickness of the Wadi Deposits, the TEM survey was carried out in six (6) wadis.
Location of the TEM survey points is shown in Fig. 3.3-18.  Thickness ol aquifer in
cach wadis is estimated based on the field survey, existing survey results and the TEM
survey results.  The TEM survey results are presented as Fig. 3.3-19 (1) to 3.3-19 (3).
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Chapter It Fvdrogeology

! ocation T Resistivity No.of i Thickness of Wadi
om0 Pofile | Swivey Point | Deposits_ (m)
Wadi Feiran . 44 -
Tarfa LD 70170

-Oas1s l"cnran . EF _ (!6) 15100

-Mokattab__ AU C R R €1 )
_-Downstream to I Qua Plain | 11 (10) 20120
Wadi Yl Garf and Babaa - - S
Wadi Gharandal R R 20 | 16-50
Upstrcam ofWadl I‘i Amh - 7 - e
Tabaarca - b - .26-80
Wadi \\’aur 7 . 12 o

\V"ldl }\hauwa ) N 4) 20-60

_-Wadi El Hathy el O W 8.0
| -SheikhAia ] P @ j 20-60
| Wadi Zalaga_ AU R I S S
CAnUmmAbeed | Q) @y TlTseewe '3
» -l_lS'iwam I T S I ) I ~60-110
Wadi Saal oo 4 . Aboutl0
WadiZaghaa  j KL i 10| 20-160
WadiDahab 0 M 1 20 | 80-240
| Wadi ludr T - About 70 N

o Total 15 Profiles 115

The Wadi Deposits are 10 to 240 m in thickness. The maximum thickness is less than
100 m in the Wad Gharandal, the Taba area, the Wadi Khareiza, Sheikh Attia in the
Wadi Watir, the Wadi Saa! and the Wadi Kid. It is more than 100 m in other wadis.
In the Wadi Dahab, the maximum thickness reaches 240 m.
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Chapter HE

Static water level and water quality (TDS) in cach area is as shown below.

Arca

H)'( ff{;\i,’ﬂ():‘(]&]

SWL (uBGL) TDS (mp!l)
range i average range average
‘Wadi Feiran _ ‘ o
-T'nrl'a 7 IO 87 41 91 1596 257-79 ;513
-03515 l‘etran o C11.70-2600 | 1536 384 - 707 379
S1. Catherine o D
(shallo“ m.ll) - 240-1440 § 7 67 - 160 - 676 130 _
-(deep well) 29.70-48.80 | 38.14 337-575 456
WadnlIGarf 77 ‘,2 l490 7 I.l_89 _ ?88 317 ¢ ___2032___
Wadl Babaa S, 88~ a1 8.52 _ 1519 1805 : 1685
Wadl Gharandal _ 13 00 3149 20 45 834 2944 G 1625
_Upsmam of\Vadn i ] Ansh‘ ‘ 4 9? 1! IS ) 8 06 ) ‘____3150 3250_ o _320{)
Tabaarea 24 50 32 43 ] 28 A7 2131 - 2800 7579
WadiWatic ] - A
_ -Sheikh / Allla S ____4__3_0 14 30 943‘_ o 640 - 1802__ L1
-Wadi Ei H'nhy oy 1275 - 43 89 21 32 __1100 1969 | 1535
WadiZalaga | 282-1020 | S8l 1241-2234 | 1735
WadiSaal C260-1012 | 686 138-3782 | 1341
WadiZaghara 1 200-1167 | SO1 | " 609-900 | 7S
‘Wadi Dahab 28 00 35 00 32 38 .2500 3(}00_. o 2750
Wadikid T e
) -upstream o ) 3 60 7. 16 538 o337
-downstream 5029 - -

Most wells are dug wells in the Wadi area, therefore, static water level is within 16

mBGl..

TDS is rélatively low in the Wadi Feiran area including St. Catherine, the Wadi Zaghara

and the upstream of the Wadi Kid where it is less than 1000 mg/l.

distributed in the Precambrian Basement Rocks area.

area where sedimentary rocks are distributed.
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Resistivity Profile in Wadi Area (2/3)
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Chapter Il Hydrogeology

Upper Cretaceous Aquifer
General Featares

The Upper Cretaceous Formations are mainly predominant in the central platean area
(Egma and El Tih Plateaux) overlying the Lower Cretaceous Formation and are overlain
by the Tertiary Formations. The Formations are also distributed in the Wadi
Gharandal and the Wadi Feiran.

Upper Cretaceous Sedimentary Rocks are divided into four (4) geological units by age.

-

Age i Formaton  :  MainFacics
Senonian | Sudr Formation chalk
| Maallah Formation| mard
Tuwronian ] Wata Formation ~hmestone, dolomitic limestone
Cenomanian | Galalah Formation | limestone

Among them, limestone in the Turonian is called as “fissured limestone™ and it has been
considered as the main aquifer in the Upper Cretaceous.  Groundwater in the Turonian
Limestone is extracted in the Wadi Sheira, the Wadi Gharandal and the Wadi Sudr.

Furthermore, many dug wells are tapping groundwater from the Sudr Formation at El
Malha arca.

Well Inventory for Upper Cretaceous Aquifer

A total of 26 groundwater points was confirmed. They consist of three (3) cased wells,
16 dug wells, five (5) springs and two {2) hot springs.

Inventory of wells reached to the Upper Cretaceous is shown in Table 3.2-17 and their
locations are shown in Fig. 3.2-17, together with other wells that reached the Pre-
Quaternary.  Wells, which have information on the Upper Cretaceous Aquifer, are
shown in Fig. 3.4-1.

In addition, six (6) JICA Test Wells penetrated the Upper Cretaceous Aquifer.  They
are listed in Table 3.2-1 (17).

Supplementary Geological Survey

Data on the Upper Cretaceous Aquifer was scarce in South Sinai, especially in the El
Tih and Egma Plateau arca.  In order to study the Pre-Quaternary Aquifers, test wells
were drilled at the six (6) locations.  All the wells reached the Upper Cretaceous
Aquifers. Locattons of those wells are presented in Fig. 3.4-1. Lithology and test
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results are presented in Fig. 3.4.2.

Aquifer Test by airlilling was catried out in the section of the Upper Cretaccous to
examine the hydrogeological condition of the Upper Cretaccous Aquifers.  The results

are shown below.

, Tested Section . SWL SWL Q.. | TDS
Wl Ry | AT Gy | mAsL (m¥hour) | (mg/l)
L 402-500 | Tuwronian |  71.08 49 55 2,790 |
32 1 620-650 | Turomian ;  dry | T TR R
J-3 0 382420 | Turonian | -3.8* 548 400 ¢+ 2,170

. Coniacian i
Ja 3804501urom«3n -y i
1-5 Cenqmanian dry |
6 220260 | Tweomian | 11508 | 5951 110 | 2,670

*: automatically flown out.
Configuration of Aquifer

The Upper Cretaceous Formations crop out in the total area of Ligma Plateau.  Figure
of the Upper Cretaccous was obtained by the HCA Test Well Drilling as mentioned
above.

Thickness and top of the Upper Cretaceous are presented in Pig. 3.4-3.  Thickness of
each age of the Upper Cretaceous is summarized as follows,

Age VX 3233734717151 36 [Sheira-t! Average |

. Maastrichtian 1700 140; 60 0 40

.E 4 e S ST M - ST
E E_g:;::.gs::sn L ,]}0 120 . ‘69 168 0 R 140 129 373

A §C0t1iacian 55 36, 72 0 30
Toronian 175, I5)| 194 380 s0, 80 208, 81
Cenomaniaﬂ . 370; 280; 2761 430; 230, 320 207 302
Total UCH* 880: 7471 771] 1078, 3100 610 544 706
UC: Upper Cretacecus {unit: m)

In South Sinai, the Upper Cretaceous aquifer appears in Senonian and Turonian. The
Senonian is from 40 to 170 m in thickness. It decreases toward the south and increases
to the north.

The Turonian, main aquifer in the Upper Cretaceous in South Sinai, is between 80 and
380 m in thickness, averaging 181 m.
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Groundwater Tevel

The Upper Crelaccous Aquifers are classitied into confined one and unconfined one.
‘The former is represented by the Turonian aquifer and the latier is the Senonian aquifer
cropping out in Et Malha.

Groundwater level of the Upper Cretaceous is shown in table below and in I'ig. 3.4-4.

Well [ Elevation (nASL) | SWL @_111_3_91_ ) | SWL(mASL) |
oo b s | 7108 | 449
16 T 1 T 11_5_03.____“ - S
FlMatha2 1 640 | 1450 | 625
Gharandal 2 290 b 12070 0 0169
l")ug\\cllsmMalln o 32114

Artesian flow of groundwater was observed at J-3 during the aquifer test.
Groundwater antomatically flowed out from the top of the casing without airifling. It
was the first fime in the whole Sinati that this phenomenon was confirmed.

No confined layer overlies the Senonilan. Aquifer, therefore, lhé aquifer: is considered as
the unconfined one. On the one hand, the Turonian Aquifer is considered as the
confined one because head of groundwater is much higher than depth of aquifers in
those wells that were penctrated into the Turonian Aquifer.

Gradient of piezometric head in the Upper Cretaccous aquifer is 1.7/ {000 between §-6
and J-3, and 4.8/1000 between J-3 and J-1. It is considered that this change of gradient
is due to the influence of dolerite dykes intruded into the Upper Cretaceous. Influence
of the dolerite dykes to the groundwater is discussed more detail in the section 3.5
Lower Cretaceous Aquifer.

Groundwater Quality

Groundwater quality of the Upper‘Cretaceous Aquifers is shown in the Table 3.2-17.
Distribution of TDS is shown in Fig. 3.4-4 together with water level.

TDS values of upper Cretaceous aquifer vary from 1,572 to 12,930 mg/l and they are
unsatisfying the Drinking Water Standard. However, TDS is relatively low in El
Matha and south of Nakhl.

Ton contents of Ca?*, Mg, Cl and SO, are in excess of the drinking water standard.
g 1 8

Water type of the Upper Cretaccous Aquifers is shown in Fig. 34-5. Most
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groundwater is the NaCl type.  No seasonal variation was confirmed except Ll Malha,
Groundwater in El Malha is the MgSO, type in winter and NaCl type in summer. 1t
scems that this variation is due to the recharge by rainwater in the winter scason.

Hydrogeological Characteristics of Aquifer

In the Egma and Bl Tih Plateav, noteworthy geological struclures are recognized from
the hydrogeological point of view. These structures are fanlts and dykes. 26
groundwater points were confirmed in the Upper Cretaccous Aquifers.  Except dug

wells in El Malha, other groundwater points are located near faults as shown in Fig. 3.4.

0.

It is considered that groundwater in the Upper Crelaceous is mainly stored in fracturcs
formed by faults.  This is suggested by the fact that groundwater was ot confirmed in
the Upper Cretaccous Formations of J-2 and J-4, that werc allocated far from faults.

Another remarkable issue is the change in gradient of piczometric head as mentioned in
3.4.5. This is caused by fault and dolerite dykes which run in E-W direction between
J-3 and J-1.

Groundwater level in El Malha area decreases in dry season and quickly recovers afler
rainfall.  This fact sugpests that groundwater in the area is recharged by present surface
waler through fissures and fracturcs developed in the chalky limestone.
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