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Well Location ( St. Catherine )
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Well Location ( Taba Area )

Fig.3.2-8
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Fig.3.2-12  Well Location { Wadi Zaghara and Wadi Nasb )
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Chapior E - Hydrogeology

Quaternary Aquifer

Distribution of the Quaternary Deposits in South Sinai are divided into thyee (3)
categories by their sedimentary environment, Bl Qaa Plain, Coastal Plain and Wadi
Arca. The Quaternary Aquifers occur in thosc Quaternary Deposits.  They are
considered as tocal aquifers except 151 Qaa Plain and are used by Bedouin people

Distribution of the Quaternary Aquifers is shown in Fig. 3.3-1.
El Qaa Plain
General Features of the Basin

The Bl Qaa Plain is the most representative Quaternary sedimentary basin in South Sinai.
The plain is located in the southwestern part of the area and covers an area of 1,930 km?,
The plain is bounded in the east by the uplifled Precambrian Basement Rocks, in the
northern half of the west part by Gebel Hamam Saidna Musa and in the southern half by
the Suez Bay. Main wadis flowing into the basin are W. Gibah, W. Hibran, W. Mir, W.
Islaand W. Thiman. The total area of hydrological basin reaches 3,900 kaY’.

El Qaa Plain is ranked as the high priority development area in South Sinai. The
groundwater in the Quaternary aguifers are considerably exploited to mect the water
demand of domestic water use in El Tur and Sharm El Sheikh, and irrigation use in the
plain.

More than 60 wells, consisting of test wells, productive wells and piezometers, have
been drilled in the plain, however, most of wells are now not in use or abandoned except
WRRI’s and TAAMIR’s wells because most of agriculture farms were abandoned due
to inadequate management of well facilitics.

Well Inventory and Well Location are presented as Table 3.2-1 to 3.2-17 and Fig. 3.2-1
to 3.2-17 in the previous clause 3.2.

Hydrogeology of El Qaa Plain

Thick Quaternary Deposits cover the El Qaa Plain overlying the older formations such
as the Tertiay, Mesozoic, Paleozoic and Precambrian.  The Quaternary Deposils are
calle as the El Tur Group and consist of mainly sand and gravel with clay. Thickness
of the deposits reaches 1600 m or more.  The El Qaa Plain is divided into two (2) arcas
by a inferred Fault which runs through the Wadi Ista.
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Chapter Il Hydrogeology

Geological data is rich in the northern of the El Qaa Plain, while it is scarce in the south.

A geological cross scction in N-S dircction is shown in Fig. 3.3-2,

Geological

description of cach formation is presented in the table below.

<Hydrogeological description of formations in El Qaa Plain>

Period Formation

Thickness (m)

Description

Quaternary Sabkha Deposits

Holocene

- Wadi Deposits

Distributed in the limited area at northwest
of El Tur. Unexploitable aquifer.

Distributed in some wadi vatleys, Mainly
sand with small gravel. No aquifer in
general but the arca around El Tur,

" Gravel Deposits
Pleistocene

Distributed in the whole I Qaa Plain.

Composed of three parts; Upper, Middle,
Lower,

>100inthe

central area

Upper; Coarse gravel with sand. An aguifer
occurs at the shallow in the limited area

arpund El Tur. Generally high electric

resistivity value (>100 ohm-m) indicates no
water

About 100

Middle; Coarae 10 medium sand and gravcl
with interbeded clay. 2™ aquifer occurs.
Most of ~ production . wells  extract
groundwatér  from the aquifer. No
distribution in southern El Qaa Plain, where
basement likely occurs at the shallow depth.
Showing medium electric resnstmty value
(10<50 ohni-m).

>1000
depending on
the location

Lower; Sand and gravel wnh clay and sitt.
3 aguifer occurs. - Less productivity than
2™ aquifer. Showing low electric resistivity
value (<10 ohm-m) in general. Probably
low quality of water.

Terrace Deposits

Tertiary --- Paleozoic

Mainly distributed on the northwestern
border of El Qaa plain in contact with Gebel
Quabiliyat,

Distributed in the mountainous region on the
north and northwest side of El Qaa Plain,
Remnant oceurs in Gebel Safariat. Mainly
limestone.

No wells except oil exploration welis
reached the formations in the plain.,

Precambrian

Metamorphic rocks and igneous rocks.
Distribuled in the mountainous region on the
castern side of El Qaa Plain and in the
southemn area of the plain in places. Resulis
of geophysical prospecting detected the
basement rocks at shallow depth in the south
of El Qaa Plain.
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Chapter I hdrogeology

(1) Northern Arca

In the northern arca, the Quaternary Deposits are divided into following three (3)

units.
~Unit [ Thickness [~ titholegy
 Upperlayer | 100 minmaximum |  gravel withsand
_ Middlclayer | about 100m | sand and gravel with elay )
Lower layer (unknown) | sandand gravel with siltand clay

Three (3) aquifers are known in the El Qaa Plain, the first, the second and the third.
Their schematic section in the E-W direction is shown below.

-W- -H-
ASL.m
-
Dug Wik - 300
- 200
Gulfof 160
Suez
5
B8
BSC{'“CDI_ P
Tertiary- " o
Cretac ’
tetaceous . L 100
I [
p
- 200

<Schematic Section of Ei Qaa Plain>

The first aquifer occurs in the limited area along the downstream of the Wadi El
Awag near El Tur and Wadi Village.

The second aguifer occurs in the middle layer mentioned above and consists of cearse
to medium sand and gravel. It is the most prospective aquifer in the El Qaa Plain.
Most of wells were constructed reaching the second aquifer.

The third aquifer occurs in the lower layer and consists of sand and gravel.  Several
wells reached to this aquifer.

(2) Southern Area

The Quaternary Deposits in the southern area become almost one (1) unit and is
composed mainly of sand and gravel.

HI -39



Chapier [Tl Hydrogeology

No fresh groundwater was found in the southern part of the El Qaa Plain in the past.
Three (3) test wells were drilled by WRRI, however, the results were dry or saline.
Oaly saline groundwater has been extracted by a peteoleum company, PETROBEL,
by two (2) wells located about S ki inland from the coast.

On the other hand, fresh groundwater has been extracted by Bedouin people in the
Wadi Ista and the Wadi Thiman that flow into the southern part of the El Qaa Plain.

The TEM survey and Test Well Drilling by the Study Team confirmed the existence
of fresh groundwater aquifer in the southern part of the Il Qaa Plain as mentioned
following clausc.

Geological Survey

The Transient-Electromagnetic (TEM) survey was conducted in the Study for the
Quaternary Deposits to supplement the existing geological data.  In addition, onc (1)
test well was drilled in the south of the El QQaa Plain to confirm the existence of an
aquifer which was detected by the TEM survey.

(1} Transient-Electromagnetic (TEM) Survey

The TEM survey was performed for 202 stations set on seven (7) survey lines.
Spacing of survey station was 1 km in general, while 0.5 km of spacing was applied
in the southern half of the survey line B to detect possablhlles of existence of fresh

groundwater aquifers. Location of the survey lines and stations are shown in Fig.
3.3-3.

Resistivity profiles along the seven (7) survey lines and two (2) horizontal profiles
were drawn based on the observed apparent resistivity curve at each station. They
are shown in Fig. 3.3-4 (1) to (5).

Geology of the survey arca is classified into four (4) layers in terms of apparent
resistivity.  The thickness, resislivity and estimated lithology of each layer are
summarized below.

~ Layer Thickness (m) | Resistivity (ohm-m) Lithology

Ist Layer 'jabout10 —  imorcthan$0  isandandgravel
2nd Layer ; about 80 j10-20 jsandandgravel |
31d Layer | more than 1000 _ t10orless sand  with silt and clay
dinLayer |- more than 50 ‘basement rocks

Among four (4) layers, the 3rd layer is lack in the south of the area, while the 4th
layer is not recognized in the north of the area.
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The 2ad layer is considered as the most prospective aquiler in the area.

Remarkable discontinuous resistivity structure is recognized, which divides El Qaa
lain into twa parts, the north and the south.  The boundary between both arcas is
considered as an inferred fault located on the extension of the valley of the Wadi Isla.
The basement rocks occur in a comparative shallow depth in the southern side of the
inferred fault, while it is very deep (more than 1000 m) in the northern side.  This
situation is shown in geoelectric profite of Line B (Fig. 3.3-4 (2)).

It has been considered that there is no fresh groundwater aquifer in the south of the El
Qaa .P'lai'n. However, the TEM swivey revealed the existence of a layer of which
resistivity is same as that of the 2nd layer as shown in Fig. 3.3-4 (1) and (2). It was
confirmed by test well drilling that a fresh groundwater aquifer also distributes in the
south of the El Qaa Plain.  The result is mentioned in the next clause.

Fig. 3.3-4 (4) and 3.3-4 (5) are horizontal resistivity profiles at depths of ¢ mASL
(sea level) and -100 mASL, respectively.

At the sea Tevel (Fig. 3.3-4 (4)), the 2ud layer is widespread in the northern part of the
El Qaa Plain. Low resistivity zong, the 3rd layer distributes near El Tur.  On the
other hand, the area of the 2nd layer becomes small at 100 m below the sea level (Fig.
3.3-4 (5)) and the low resistivily zone (the 3rd layer) occupies more than half of the
northern part of the plain.

Extremely low resisivity zone (less than 5.6 chm-m) distributes along the coast in the
south from EI Tur. It suggests the existing of the sca water intrusion to the
aquifers.

Test Well Drilling

One (1) test well, J-7, was drilled in the southern part of the El Qaa Plain to confirm
the TEM survey result, existence of groundwater aquifer.  The test well location (J-
7} is shown in Fig. 3.3-3 together with the TEM survey lines.

The test well was drilled in the Quaternary Deposits up to the depth of 250m,
however, it did not reach the basement rocks, Lithology is sand and gravel.
Screen was installed in the section between 196 m and 236 m.  Static water level
was confirmed at 148.99 mBGL. The geological column and other logs of the well
are shown in Fig. 3.3-5.

The result of the pumping test is summarized in the next table.
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3)  Aquifer

(D

Configuration of Aquifer

Location and size of the aquifers of the El Qaa Plain were estimated based on the
TEM survey results and the result of - test well along with the existing data.

The aquifers in the El Qaa Plain extend in two (2) arcas from the northern part of the
plain toward the east of El Tur and mountain foot area about 22 km east from ¥l Tur.
The former is the main aguifer in the area and the latter is 'nc\l'.fly confirmed aguifer.
Their locations arc shown in Fig. 3.3-6.

The base (bottom) of the main aquifer and its isopach map were prepared as Fig. 3.3-
7 and 3.3-8, respectively.

Northern Part

Two (2) aquifers are recognized in the area, the first aquifer and the second aquifer.
The first aquifer occupies a limited area in the Wadi Awag near El Tur and Wadi

Village. The second aquifer is the main aquifer and is widespread in the El Qaa
Plain.

The main aquifer (the second aquifer) is distributed in the widé arca between about
13 km from the entrance of Highway o the north-cast end of the plain. and near El
Tur. It is about 60 km in length with about 10 km of width, Therefore, the main
aquifer occupies about 678 km®.  The bottom of the main aquifer varies in a range
from -20 mASL to deeper than -100 mASL. The deepest place is found at about 15
km NNE from El Tur. Another deep bottom place is located in about 13 km east
from Gebel Safariat, where it is -80 mASL.

The static water level and the range of screen installed in each well are shown in
Fig.3.3.9. Range of screen concentrates in a horizon between about 20 mASI, and -

70 mAS1L,. This fact reveals that most of wells are exploiting groundwater in the
second aquifer.

Southern Part

The aquifer was detected by the TEM survey and confirmed by the Test Well Drilling.
The distribution area is near the outlet of the Wadi Thiman as shown in Fig. 3.3-6.
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The bottom of the aquifer in the southern part has not been confirmed because the test
well did not reach there.  Judging from the drilling result, it is lower than 80 mASL.
The arca of the fresh groundwater aquifer is estimated at approximately 79 knt’,
Hydrogeological Characteristics of Aquifer

The prbspeclive aquifers are mainly composed of sand and gravel. Based on the
existing data and the Test Well drilling, hydrogcological tactors of aquifers are
summarized as follows,

Yield Specific Transmissivity Hydrautic
. Capacity Conductivity
e (M) [ (Ushw) 3 (mifday) | (miday)
Second aquifer 20-115 0.33-6.11 106 - 2150 46-76
(northemparty | (average36.7) | (average2.64) | (average768) | (average23.9)
Second aquifer 48.6--101.5 0.53-9.23 81 -2639 27715
Gouthernpary) 1 (average672) | (average 436 ¢ {average 989) | (average25.5)
Third aguifer 203 -520 0.08 - 1.07 9-523 028-523
(average34.6) | (average0.54) | (average 85) | (average2.0) |
J-7 (Southern part of
the Fi Qaa Plain) 6.0 . 0.07 093 1.64

4)  Groundwater Level and Quality

H

Existing Groundwater Extraction

At present, 14 wells are exploiting groundwater from the sccond aquifer.  Seven
wells of them are for domestic water supply to El Tur and two (2) of them are for
domestic water supply to Sharm E{ Sheikh. And the remaining five (5) wells are for
irtigation in the plain.  Further, 29 dug wells are used for private farms and some of
them are supplying water to Sharm El Sheikh.

Although no flow meter is working at the wells, exteaction amount from the main
aquifer is estimated as following table.

Year |  Numberofwells - |  Average groundwater extraction (m/day)
Trrigation | Domestic Irrigation Domestic _Total
wn v 2 3 4 %00 b L7000 0 2200
1984 | M4 | 6 | 5350 1 3200 | 8550
1987 14 9 16540 i 6500 | 13040
1990 1 14 9 4 2310 4 7960 1 10270
1992 10 8 830 7,790 8,820

In addition, dug wells yield an amount of 2,000 m*/day of groundwater.
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Total extraction in the 11 Qaa Plain in 1997 is itemized as below.

~ (unit: m*/day

‘Domestic water for | Domestic water for lrvigation : ”I')hu'g’\;';:_l_f;i Total _{Tn‘/day)
Bt | Sharm El Sheikh USSR S
6,000 _ 1,600 451 (2,000 9415 o

Furthermore, some amount of groundwater is led 1o a facility near the Highway from
the Wadi 1sla and transport to Sharm El Sheikh by lorries.  Its amount is estimated at
50 to 60 m*/day.  Annual total extraction reaches 3.44 x 10° m*/year.

Groundwater Level

Static water level in the Bl Qaa Plain has been periodically observed by WRRI.  The
results are shown in the following table.

zgﬂéfgmme) 1089 | 1990 | 1991 | 1992 | 1994 | 1995 | 1996 | 1997

43, 43CB-001 - l-gl _!_8_1 u_2_0_9 __l_g_s,l,_gp - l:93 WA,I7§_ .
RIWR1 | & 0020 028, -021! 0.05] 000 -0.18|
44; 48CB-002 | 865 870! 854, 844; 847| 851| 836| 820
RIWR2  p ] 005 0161 -0.10] 003] 004] -015; -016
50; 48CC-003 | 15.05| 1451 1441 1438 1434} 1432 14361 1427

T7 b .054; 000 -003] -004] 0021 004] .-0.09
52, 48CC-005 j_ 19.03| 1901 | 1897+ 1884| 18.66| 18667 19.41| 18.46 ]
| RIWR 1B 1 002] 004} -0131 0a8] o000] 05| -0.95

Upper raw: Average water level in the year.
Lower raw: Diflerence from the previous year.

The above table shows long-term change of groundwater level between 1989 and
1997. Judging from the table, groundwater level tends to decrease gradually.
Annual average decrease is 6.3 cr/year since 1989.

Based on the observation result of groundwater level, two (2) contour niaps of water
tevel were prepared.  One is in February 1997 (Fig. 3.3-10 (1)) and another is in
September 1997 {Fig. 3.3-10 (2)). No difference was confirmed between the both
results.

Static water level is 25 mASL in the central area of the El Qaa Plain (near Gebel
Safartat) and 5 mASL near El Tur.  Gradient of water leve! is 0.6/1000.

Based on the analysis of water level, groundwater flow is considered as shown in Fig.
3.3-11. . Two (2) apparent groundwater flows arc recopnized. Oane is from the
north of the plain or the upstream of Wadi Amag. toward the south and another is
from the Wadi Hibran and Wadi Mir originated in the Precambrian Basement Rocks.
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Both streams merge at the north of Wadi Village and flow down toward El Tur.

Dug wells are concentrated in two (2) arcas, Wadi Village and the south of 1 Tur.
Growndwater level is in a range from 5.2 to 13.9 mASL in Wadi Village and from 1.1
to 13.6 mASL in the south of El Tur. Those dug wells are tapping groundwater
from the first aquifer, however, water level of those dug wells are concordant with
that of the sccond aquifer.  “therefore, the first aquifer is considered as a part of the
second aquifer.

Groundwater Quality

Water samples were collected from 38 wells in February (winter scason) and August
(summer scason) in 1997.

Two (2) maps were prepared for distribution of TDS: One is for winter scason (Fig.
3.3-12 (1)) and another for summer scason (Fig. 3.3-12 (2)).

Generally, TDS increases from the northeastern side of the plain to the southwestern
side. Range of TDS varies from 425 to 7403 mg/l in winter and from 452 to 10,273
mg/l in summer. TDS decreases in winfer and increases in summer.

A low TDS area (fess than 500 mg/) is distributed in an area about 15 km NNE from
Bl Tur.  The area in winter is wider than it in summer. The area involves the well

fteld for water supply to E} Tur.

Judging from the distribution and seasonal variation of TDS, groundwater in low
TDS is recharged from the wadis through in the Precambrian Basement Rocks such
as the Wadi Hibran and Wadi Mir.  On the other hand, groundwater in high TDS is
suppl.‘ied from the Mesozoic Sedimentary Rocks distributed in the northern side of the
Et Qaa Plain. No conlribution of the Abu Durba area (mountain range in the
western side of the plain) is recognized to the recharge of groundwater in the plain.

Compared with the Drinking Water Standard in Egypt, most of TDS is within the
standard cxcept of the coastal arca in El Tur. In such area, some wells show high
contents of Ca®’, ClI' and SO,”, and TDS more than the standard,

Groundwater in the plain is classified into five (5) types as the table shown below.
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s o | v nr | S0 it
26 43_3;307;4 QAAIS —  |Quaternary]  CaCl, 4.20 CaCl, : 467
30 148BB-0081QAA21  |Quaternaty]  CaCl, | 4901 NaCl . 611
37 | 48-BI0I6 5 (QAA29 Quatcrnary|  CaCl, - _..‘..‘425 . CaClg 1. 432
S-2* [47EC-001 |W.Hibran  [Quaternary] CaCl, | 900 CaCl, | 1424
S-3* | 47EC-002 |W. Mir Quaternary| _ MgSO, | 685| CasO, | 533
S-4% 1 48CE-002 |W. Thiman  !Quatemnaryl MgSO, | 8341 - .dry
'S {A8CE-001 {W.lsra !Quaternaryl  MgSO, | 765 NaCl 796
17 148AB-003 QAAS . Quaternaryi  Na,SO, ‘”_1085 _ NaCI 1485
13 48AD- 019 iEl Hag SOb’lh(‘: Quaternary] Na,S0, | 1250 CaSO, 11643
2 |37DE-001 (P73 Quaternaryl  NaCl | 42307 NaCl | 4435
7 U37EE-001 QAAT0  |Quatemary| NaCl | 1680| NaCl | 2147
24 {43DBB-006,QAAI2  iQuatemnary] NaCl | 588] NaCl | 653
40 {48CB-005 |Abu Kalam  |Quaternary|  NaCl | 2124 NaCl 1899
26 ___48CB 012 M Abu Salem Quaternaryt  NaCl - | 3280 NaCl | 2320
v b - Hammam MusaQuaternary! ~ NaCl 9378 NaCl 1572
28 4SBB-00? QAA23 Quaternary NaHCO, 448 NaHCO 481

MgSO, type appcars in the Wadi Mir, Thiman and Isla in winter season.
type changes to CaSO, or NaCl type in summer.

Note: * shows the serial No. of spring.

This water
CaCl, type is dominant in winter in

the existing well field. NaCl type is widely distributed in the area where TDS is
more than 1,500 mg/l.

{4) Groundwater Storage

i) Estimation of Groundwater Storage

The second éqﬁifcr (the main aquifer) is composed of 'sand and gravel with silt and
clay. Then, the effective porosity is ¢stimated as 0.15. The saturated volume of
the aquifer is approximately 83.6 x 10° m’.  Therefore, total .groundwater storage is
estimated at 12.5 x 10° m’ in the northern part of the El Qaa Plain.

Estimation of Groundwater Recharge

The change of groundwater storage, d(J, is given by following formula.

dQ =4 -dh Sy
where, A is the area in which change of water level is observed,
h is the change in water level,

Sy is the specific yield or effective porosity of the aquifer.

From September 1994 to May 1996, the change of water level was as shown below.
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- S , e (unit: em)
Sep. 91 [Dec.94 {Mar.95 [Jun. 95 1Sep.95 [Dec.95 | Mar. 96 | .M_a_}-_ﬂé__]

=T g

+0.22 1005 14008 4006  .-008 .00 1096

Total increase of groundwater storage during the above mentioned period is

caleulated as 36.6 x 10° m’. In addition, annual extraction of groundwater is
estimated as 3.4 x 105w’

Therefore, total recharge amount is estimated as 40.0 x 10° m/year.

On the ofher hand, observed rainfall in St. Catherine was as shown below,

. . . ~_ (unit: mm)
Jan.| Feb.j Mar] Apr.| May| Jun.| Jull Auvg | Sep.! Oct.] Nov.| bec.

1993

1995 |

127 007 591 00! 001

| 1691 125 ] 01

02 29 581 351 00 | T 00 o0l 92

The catchment area of the Wadi Awag is 1934 km®.  Then, total amount of
precipitation is calculated as 80 x 10° m’.

Therefore, it is assumed that the second aquifer received approximately 50 % of total
volume of precipitation in the period.
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