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Lower Cretaceous Aquifer
General Features
General Features

The Lower Cretaccous Malhah Formation overies the Jurassic Formation and is
overlain by the Upper Cretaceous Formations.  The Lower Cretaceous is represented
by quartzose sandstone and shale. The sandstone forms aquifer and it is the most
prospective aquifer in the Study Arca.  Thickness of the Lower Cretaccous is about
from 200 m to 300 m although it changes from place to place. The most significant
aquifer occurs in the quarizose sandstone and its thickness is generally more than 100
m.

The Lower Cretaceous Sandstone has been considered as the most prospective aquifer
in Sinai, however, actual study and development have been continued mainly in the
marginal arca of the Sandstone such as Wadi Gharandal, Wadi Feiran and Wadi Watir |
(including W. Sheira). Therefore, the area on the Egma and El Tih Plateaux
{(hereinafter referred to as “Main Block™ in this report) was the vast virgin area in terms
of hydrogeotogical information.

The Lower Cretaceous Aquifer is divided into following three (3) blocks considering
the hydrogeological situation as shown in Fig. 3.5-1.

(1) Main Block: Aquifer distributed in the El Tih and Egnia Plateau except Wadi
Sheira arca.

(2) Sheira Block: Aquifer distributed in the Wadi Sheira and the upstream of the
Wadi Watir hydrogeologically isolating from the Main Block.

(3) Feiran Block: Aquifer distributed in the downstream arca of the Wadi Feiran
without any hydrogeological connection with other blocks.

In addition, (4) Gharandal Sub Block was identifted in the Wadi Gharandal area with
hydrogeological connection with the Main Block.

Well Inventory for Lower Cretacecus Aquifer

Wells reached the Lower Cretaceous are shown in Table 3.5-1. In addition, oil
exploratory wells were drilled in South Sinai as ilustrated in Fig. 3.5-2. Among
them, cight {8) wells penetrated to the bottom of the Lower Cretaceous as shown below.
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Well Name ~ Coordination  WellName Coordination
. ~lat. | Long Lat. | Long, |
NoJ-1* 129" 42°31*] 33° 39'08” |Gharandal-3 29° 2003 | 337 131
No.J-4* 1297 26'21"| 34° 02'56" f\ylm Musa 1 £29° 53'09" | 32° 38°58"
No.J-5*  |29° 20'187| 34° 2241" [Ayun Mll'ia 2 "3‘29°7 5308 32° 40°20"
NoJ-6* 129" 1940 33° 36'48"” |Abu llamth Nol 1297 STSTT L 330 387
Sheira-1  |29° 20°047 | 34° 35°38” [El [lamra No.} 29° S8’ 18" | 32° S4'p2"
Feiran-1  [28° 47127 ] 33° 25°52” [Ayun MusaNo.14 | 29° §1'30" | 32° 42°30"
Feiran-2  128° 4645’ 33° 24735 Wa“di Baba Well | 29° 00%27” | 33° 13'30"
Feiran-5  |28° 47°187| 33° 242" [Naklel-l  [20° 55045 ! 33" 4201”

Geophysical survey by Schlumberger method was executed in the Main Block.
Furthermore, six (6) test wells were drilled by the Stady Team to grasp the

hydrogeological characteristics of the Lower Cretaccous Aquifer.

Dretails of the

surveys arc presented in Chapter V oand Chapter VI respectively in the Supporting

Report.

The geology of the Study Area is classified into seven (7) layers in terms of apparent
resistivity as shown below.

Drilling log of Test Wells are shown in Fig. 3.5-3 (1} to 3.5-3 {6).

summarized as follows.

Layer Resistivity Rang Estimated Lithology Geological Interpretation ]
{ohm-m) o

] 5-71 sand and gravel, limestone Quaternary Deposits (Q)

. R | oo EgmaFormation(Te)
2 1 13 shale ~ iEsna Formation (Tp)
|3 “_ 7.3 chal!\ marl ) VSudr Formation (Ks)
4 1 4- 92  ilimestone o M_a_taljah Pormanon (Km)

5 -19 (rarely 98) limestone, shale, sandstone Wata Formation (Kw)

o ] 7 o Galala Formation (Kg)
| 6 _ 36 9% sandstone, shalc :Malhah Formation (Kml)

7 180 -4100< sands!onc basemen! rocks  iPre- Q_rela\.cous

Drilling results are

31 12 3 1 4 1 s a6
Etevation (mASL) S0 ] es7 | saa [ 7as b om0 | 710
Dritling Depth (m) | 1250 | 1,200 | LIse | 1,130 - 555 900
Top of L.C.(mBGL) 890 { 1,050 | 771 . 816 310 . 610
Bottomof L.C.(mBGL) | 1,110 | 1,200+ | 1,000+ | 1,108 | 500 ; 790
Thickness (m) 220 | 150+ | 229+ 261 | 190 | 180

Pumping Test by submersible pump was carried out to evaluate hydrogeological
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characteristics of the aquifer.  Results are shown below.

Well WL | PWL Discharge [Specific Capacily] Tramsmissivity|{ TDS
Name [(mBGL)I(mBGL)| Rate (m*/h) {(I/s/m) (m’/day) (mgh)
JICAL | 3128 3179 396 22 9504 | 1206
ICA2 | 4240 4434 230 03 0 1092 | 1,182
JICA3 {  284.4) 29038 356 ; 16 1 4703 | 470
JICA4 | 5010, S0L2y 106 % 25\ 199 1 1,047
JICA G 438.5] 4393, 96 | 3.7 1148 1,520

3.5.4  Configuration of Aquifer

1} Main Block

The north side of the Study Area is almost bounded by the National Highway (Sucz-
Nagb Road). Shape of the Main Block is trapezoidal, of which longer side is about

100 km long and shorler side is about 5 km long and distance of both side is 60 km
long as shown below.

SIL Sudr Bl Heitan

Nakh!

Themed
Nagb

98km

approx. 4,380 km?

G. Dalal
VAN

< Schematic Area of Main Block >
The area of the Main Block is roughly estimated as 4,380 km’.

The Lower Cretaceous Aquifer was figured out as follows,
- Yop of Lower Cretaceous (Fig. 3.5-4)
- Bottom of Lower Cretaceous (Fig. 3.5-5)
- Isopach of Lower Cretaceous Aquifer (Fig. 3.5-6)

The Lower Cretaccous in the Main Block generally increases its thickness toward the
north: It is 180 m thick at Well No. J-6 and more than 261 m at Well No. J-3.
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Sheira Block

The Wadi Sheira arca, in the southeast of Nagb, is also wnderlain by the Lower
Cretaccous Formation.  The formation is cut by faults in both eastern and western sides,
theretore, the arca forms a “graben™.  Therefore, the Sheira BBlock is hydrogeologically
independent from other blocks. It is approximately 36 km long and 17 km width.
The area of the Sheira Block is about 600 km?,

Feiran Block

The Lower Cretaceous Aquifer is distributed in the down stream of the Wadi Feiran,
covering about 160 km? of area.  Thickness is in a range between 203 to 286 m,

The Feiran Block is hydrogeologically separated from other blocks as well as the Sheira
Block,

Groundwater Level

In the Main Block of the Lower Cretaceous Aquifer, static water level (piezometric
head) was confirmed by five (5) JICA Wells for the first time in the Main Block; they
were, I-1, J-2, J-3, J-4 and J-6.

Groundwater level was shown in Fig. 3.5-7 (1) and 3.5-7 (2). Groundwater gently
flows down from south to north (from the fringe of Egma Plateau to Nakhl).
Confirmed water level is 272 mASL at J-6 and 244 mASL at J-4, that arc located in
most southern locations. In northern part of the Study area, it is 203 mASL at J-1 and
233 mASL at }-2. At Nakhi area it ranges from 190 mASL to 208 mASL.

Gradient of water level is calculated as below.

Well  SWL(mASL) Distance (km)  gradient
No. J-6 272 0 i
‘Ne.J3 | 260 | 275 1 04/1000
CNeJ-l | 203 L 200 | 291000
CNakhs | 190 1 310 | o4s1000

Groundwaier gradient from the south to the north is generally less than 1/1000.
Significant change of gradient appears between J-3 and J-1.  Groundwater gradient is
2.9/1000 in this section. This is rather large compared' with other sections.
Geological map indicates that there is a series of basaltic dykes between J-3 and J-1
running E-W direction. These dykes act as a kind of dam: because they are generally
massive so that groundwater flow is prevent o across them.
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This phenomena was also confirmed in the scction between J-6 and Gharandal-1 where
another series of basaltic dykes intrude in NW-SE dircction.

well | SWL , distance gradiénl
No..l»éj 2120 { B
gljﬁr‘anda!-li 1918 | 45 | 1L8/1000 |

Gradient is 1.8/1000 in this section, while it is 0.4/1000 in the 'Maih Block.

The Wadi Gharandal arca is in the western marginal area of the Main Block. Static
water level here is 78 mBGL and 192 mASL.  Drawdown is small, 9.6 m.

The Wadi Sheira and the Wadi Watir (Sheira Block) is isolated from the Main Block
from geological and hydrological point of view (Fig. 3.5-1). The Sheira Block is
lectonically subsided by two (2) faults running in the N-S direction.  On the other hand,
the Basement Rocks are uplifted between the Main Block and the Sheira Block.  Water
level in the Sheira Block is more than 400 mASL.  In contrary to this,' water level in
the castern side of Main Block is less than 270 mASL.  There is a significant gap of
water level between both areas. 7

In the Sheira Block, groundwater level is 467 mASL at Sheira 2 and 421 mASL at
Sheira 3. Groundwater flows gently toward the south with 1.5/1000 of gradient,

The Wadi Feiran area is isolated from other blocks of the Lower Cretaceous. Water
level is from 38 m to 67 mBGL and 203 mn to 286 mASL. Drawdown during
extraction is generally small, in a range between 5.9 mto 16.5 m.

It was the first attempt to conduct test well drilling for the Lower Cretaceous Aquifer on
E} Tih Platcau and to install Automatic Groundwater Level Monitoring Equiphlent for
long term monitoring.  Groundwater level is measured every an hour.  This
monitoring result has very important and interesiing aspect b_eéause El Tih Plateau is
virgin area for the aquifer study from the hydrogeological point of view. Furthermore,
there is no withdrawal from the aquifer not like Nakhl area. This means that it is
possible to monitor the natural condition of groundwater movement in the aquifer,

Fig. 3.5-8 shows fluctuation of the groundwater table at J-1 and J-3. J-3 can be
representative of ]ﬁoﬁitoriﬁg results because of its whole yearlong duration.  About
20cm of natural drawdown was clearly recorded in the period between November 1997
to November 1998. On the other hand, no change of groundwater fluctuation was
observed at J-1 during two-month and half. It may be affected by hydrogeolagical
structures such as intrusion of dykes and faults.
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<Correction of water Jevel at Nakhl area in North Sinai: Previous Project>

Groundwater level at Nakll arca in the previous Project were corrected on the basis of
data analysis and field survey. Duing this survey, the Study Team got accurate
clevation and coordination of reliable wells around Nakhl from hydrologicat point of
view. As groundwater is developed at Nakhl area afler the completion of the previous
Project, reliable data were accunilated at present by WRRI.  According to the results,
static water tevel is in a range from 190 mASL to 208 mASL.  There is about 60 m of
difference in the data between the oil exploratory wells and newly constructed
production wells.

In the construction of North Sinai Hydrogeological Maps in 1992, gronndwater level
data at Nakh! arca were derived from oil exploratory wells because no other data were
available at that time.  They were as follows:

Well Name SWL (mASL) |
Darag-t 263
'Nekhl-t | 269
Nakhl-2 ™ 260

Previous data were carefully reviewed in the Study to solve this problem.  As the result,
it was concluded that data from oil exploratory wells were less reliable compared with
the wells supervised by WRRY, although oil exploratory reached the Lower Cretaccous
Formation.

Furthermore reliable data is available at present, those data from oil exploratory wells
were omitted in the construction of Hydrogeological Maps.

Groundwater Quality

TDS of the Lower Cretaccous -Aquifer is presented in Fig. 3.5-9.  TDS of each block is
summarized as follows.

Lecation - 7Megs§ur_e<__i TDS Value (mgflit.) Remarks
| Lowest | i Highest Average (\\’el[ﬂg_me)
 Main Block (E{ Tih Plateau) |~ 470 ¢ 1,520 , 997 | JICA-1te6
Gharandal Sub-Block |~ © -1 182 | Ghorandal]
Nakhl and | Themed area I_ 5__36 i l 68 | l 66?__ i Nakhl-1to 8
SheiraBlock | 1,080 ! 1,562 | Sheira-1,3,4
Feiran Block 781 | 840 _Feiran-1,2

TDS values satisfy the Drinking Water Quality Standard in the Main Bllock, the Sheira
Block and the Feiran block.  Although TDS do not satisfy the standard in other blocks,
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it is suitable for apricultural use.

The data of chemical analysis arc plotied in a piper diagram as shown in Fig. 3.5-10.
Most data are plotted in the ficld of Noncarbonate hardness type.

Water type and TDS are summarized as the table below and are shown in Fig. 3.5-11.

9_:;1_\‘___ _Area Code No. | WellName | Water Type TDS (mg/l) |
41 | BITih  |4sBB001| . JICA-1 | CaSO, | 1,206
2 P EBITh_ | SSCA001] _ JICA-2 |~ MNaCl | 1182
43 | EITih  145CA-001]  JICA3 | NaSO, | 470
44 & EITih ] SSFA 00] _JICA4 | NaSO, | L0647
46 | ElTih | 46AB 00]_ _ JICA 6 f o NaCl 1 1,520
27 ”Nakhl o 44[‘0 OOI. Nakhl l b NaCl l690__‘ o
- 28 | Nakh fj{lﬁDC -001 Nakh?-"! '“ CaSO; o 630_____‘_____
30 | Nakhl  144DD-001} 'Nekht4 | MNaSO, | 1,536
31 | Nakhi  144DD-002: Nakhl-5 [ NaCl | 16i4 o
32 | Nakhi  ]44DD-003] Nakhl-6 | NaCl | 1634
33 | Nakhl  |44EC001] Nakhk7 | NaCl | 1,182
34 ¢ Nakhl | 55BD- 002 Nakh!S NaCl RN
35 i Themed |S5BD-0021 Th;mg_c_ll 1. NaCl boms
3 ['Sheira  }65DA-001| Sheira-l | CaSO, | 1,562
9 | W.Walir 1S6BE-001| Sheira3 | CaSO, | 1,080
10| W.Watir |S6BE-002| Sheirad | NaSO, | 1,068
14 | W.Feian |37BE-001} Feiran-l | NaCl |~ 784 |
{5 | W.Feiran |37BE-002| Feiran2 | NaCl | ~ 840
25 Ayun Musa | 24EC-011 Ayun Musa-1 | MgSO, 2,599

The most predominant water type is NaCl type. It is distributed in the Nakhl and
Themed area and in the Wadi Feiran,  Following to NaCl type, Na,SO, and CaSO, types
are distributed in the El Tih Plateau.

Groundwater Age

In order to analyze the recharging mechanism, stable isotope and radio-isot:ope were
analyzed exisling wells and JICA wells, eight (8) wells in table. C-14 ages are shown
in Fig. 3.5-12.  C-14 ages including North Sinai are summarized in the following table.
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Well No.

] NO 16 Bl Bruk

Shetra 1 -
Ayun Mum B
Nakhi-5

Sudr Il Heitan

Jﬁ-l

*%

JNO 19 Anf[ 4 N'aga B

Shelra ](KmS:S) S

o Gakusyum University, .hpan
Atomic Energy Authority, Nationat Center for Nuclear Safety and Radiation Control, Egypt

Chapter H1

U C-MAgeBP) [ Remarks ]
29,690 & 1,190] Gak*-15769
34,780 < | Gak*-16033
22,350 £ 2,160] Gak*-16032
30 000 < B ~Issar 1981 .

27,000 £ 2,000 ABA** Egypt

26,000 £ 2,000] AEA**, Lipypt
22,000 = 2,000 ABA** Lgypt
20,000 £ 20000 ABA** Lgypt

| 23200 £ 2,000 AEA*, Ligypt

21,500 & 2,000 ABA*% Egypt

118,000 £ 2,000, ABA** Egypt

14,000 £ 2,000] AEA**, Bgypt ]

hyelroyeology

In South Sinai (including adjacent area), C-14 age of groundwater ranges from 21,500
y.BP at J-3 to 27,000 y.BP at Nakhl-5. The oldest age appears at Ayun Musa spring of

which age is more than 30,900 y.BP.

In North Sinai, the age becomes more older: it is

29,690 y'.BP at J-15 (El Bruk-1) and more than 34,780 y.BP at J-19 (Araif El Naga).

These data indicate that groundwater in the Lower Cretaceous Sandstone was recharged

more than 20,000 years ago when the area had received more rainfall than present.

Based on the above data, velocity of groundwater flow in the Lower Cretaceous Aquifer
is estimated as shown in the tables below.

Location C-14 Age | Distance | Accumulated | Velocity | Velocity
{y.BP) (km) | Distance (km) | {(m/year) | (cm/day)
Outcrop 0.0 0.0
-3 21,500 425 425|198 054
Nakhls T 00 300 T oas a0l 249
- INo.16 El Bruk 29690, 2000 1125 743 2.04
Location C-14'Age | Distance | Accumulated | Velocity 5 Velocity*
(v.BP) {km) | Distance (km) | (m/year) : (cn/day)
Qutcrop e 00 ]
-12 23,200 75.0| 42,50 323 089
- JNo.1 Q‘an}zl Naga| 34,780, 85.0, 1275|734 20l

It is the most striking feature of above assumption that the velocity of groundwater

shows much difference between in South Sinat and in North Sinai.

In the western part

of the Main Block, the velocity of groundwater is 0.5 cin/day between outcrop (recharge
area in the past) and Well J-3, while its 2.5 cin/day between J-3 and Nakhl 1-5.

After Nakhl-3, it is 2 cm/day.

Hi-95
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between outerop and J-2.  However, it becomes fast, 2 en/day in the section from J-2
to J No. 19 Araif El Naga in North Sinai.

Hydrogeological Characteristics of Aquifer

The Lawer Cretaceous is generally composed of qi:artzosc sandstone facics, shaly facies,
and interealation of sandstone and shale. The Jurassic Formation also consists of
sandstone and shale. In most case, both formations arc separated by shaly facies. s
thickness ranges from 15 mto 40 m in the Test Wells.

Main Block

The Lower Cretaceous Formation and underlying formations crop ont in the sottthern
fringe of the Egma Plateau along as the Wadis Zalaga and the Wadi Garf as shown in
Fig. 3.5-13.  Eroded surface of both wadis reached the horizon of the
jurassic/Paleozoic. Therefore, elevation of the Lower Cretaceous is higher than that of
the Wadi Deposits.  The Wadis Zalaga 1s on¢ of the active wadis, therefore, the Wadi
2 aghara area is supposed to be main n,chargc area to Pre Quaternary aqunfers as well as
the Wadi Garf area. As shown in ﬁg 3.5-13, the Qu'ltermry Wadi Dep051ts directly
overlies the Jurassic Formation in most places in the Wadi Zaghara and its tributaries.
The Lo_\\"cr Cretaceous Sandstone crops out along the wadi, mainly at the lower part of
the ¢liff. The channel of the wadi is filled by soft silty sediments of the Quaternary
and it is underlain mainty by the Jurassic Formation. The Lower Cretaccous
Sandstone has a few chances to contact with the Quaternary Wadi Deposits.

The hydrogeological features described above suggest that the Lower Cretaceous
Sandstone cannot be recharged by the flood water, while the Jurassic Formation is
directly recharged by the flood water occurred in the wadi area.

As results of discussion above, although the Lower Cretaccous cannot receive a direct
recharge from flood water, there is a possibi!ily that the Lower Cretaceous has a chance
to be recharged from other sandstone in the southern area of its distribution after other
sandstone is saturated by groundwater.

Contrary to this situation, no gf011nd\vater Jeakage can be recognized between the Lower
Cretaceous Sandstone and other sandstone exccpt faulted areas. This is supported by
the water quality data. TDS value is generally less than 1,500 mg/l in the Lower
Cretaceous S'andstonc, while that of the Jurassic and the Cambrian Formations are more
than 5,000 mgA. Turthermore, logging data of Test wells indicate that TDS is much
higher in the Jurassic Aquifer compared with the Lower Cretaccous Aquifer.
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2} Sheira Block

The Sheira Block is basically formed by faults and it is hydrogeologically independent
from the ofher blocks. A geological profile of the Sheira Black is shown in Fig. 3.5-14.
The Lower Cretaceous Formation is completely overlain by younger formations.
Groundwater age by C-14 is 22,360 y.BP and 22,000 y.BP. It suggests that
groundwater was recharged in ancient age.  Extremely low content of Tritivm (0.1
T.U) means that no or scarce groundwater is recharged to the aquifer.

Contrary to the Main Block, groundwater table of this Block inclines to the south with
1.2/1000 of gra‘diéht. The south of the Block contacts with the Precambrian Basement
Rocks in which Ain Funaga Spring occurs about 17 km south from the southern end of
the Block. Allhough, it rains less than only 20mnv/year in the area, Ain Furtaga spring
yields groundwater continuously. Considering the above situation, groundwater in the
Sheira Block may supplics groundwater to Ain Furtaga in some extent through fissures
and faults developed in the Basement Rocks in addition to in the arca, although Ain
Furtaga will receive recharge from the Basement Rocks..

3) Feiran Block

The Feiran Block is distributed in a narrow area in the downstream of the Wadi Feiran.
The Block contacts with the Precambrian Basement Rocks in the east and cut by faults
in the west. It seems that groundwater in the Feiran Block is stored in a small area. it
size is estimated as about 90 km? (== 6 km x 15 km). In some part, the Block is directly
overlain ‘by the Quaternary Wadi Deposits. A schemalic section is presented below;

Upstream ——

Felran-1 Feiran-3 /
PC

Feiran-2

-

Al
o

x

(Schematic Section of Wadi Feiran)

The Precambrian Rocks were densely intruded by dolerite dykes elongated in mainly
NNE-SSW direction. Therefore, the Precambrian Rocks can act as conduit of
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groundwater which is infillvated to the fissures and joints developed in the rocks.
Iydrogeological situation above will make the Lower Cretaceous Formation easy to be
recharged through both the Precambrian Rocks and the Quaternary Wadi Deposilts.

Differentiation of Groundwater Zone

On the basis of analysis on groundwater level and gradient of the aquifer, three (3)
groundwater zone were differentiated as shown in Fig. 3.5-15.  Schematic scctions of
groundwater are presented as Fig. 3.5-16.

Bascd on the figures above, three (3) aquifer zone in the Main Block were differentiated
as follows;

(1) Dry Zone: Till about 16 to 24 km north from the outcrop at the fringe of El Tih
Plateau (hercinafler boundary with unconfined zone is referred to as
“gronndwater front”).

(2) Unconfined Zone: Till 6 to 12 km north from the groundwater front
(hercinafler boundary with unconfined zone is referred to as
“confined front™)

(3) Confined Zone: All the arca of Main Block ekcept dry zone and unconfined
zone. [t distributes in the north of confined front.

Difference of Groundwater Quality between the Lower Cretaccous and other
Aquifers

TDS value of the Lower Cretaceous Aquifer is from 470 to 1200 mg/l while that of
other aquifers are generally more high. '

This phenomenon could be explained by diflerence of recharge amount to cach aquifer.
Sandstonc of the Lower Cretaceous and older formaﬁbn were deposifed in the
condinental margin, therefore, no saline water was generally stored in them. In the age
of Upper Cretaccous, transpression caused the depo’sitioﬁ of limestone. So far as
limestone is a kind of marine deposits, it can be sfated that the area was under sea water
during the Upper Cretaccous age. It means that groundwater in sandstone was
contaminated by saline water from the sea.

After the Egma Formation deposited in Eocene, the area was uplifted and rivers cut
decp valleys eroding limestone of the Eocene and Upper Cretaceous ages. When
croded surface reached the top of the Lower Cretaceous Sandstone, it was the start of
recharge to the Sandstone by flood water which was fresh water, and it ended after
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crosion surface reached the bottom of the Sandstone.

C-14 ages of groundwater in the Lower Cretaceous is between 14,000 y. BP and 25,000
y.BP in South Sinai. It is just around the acme of the W”urm Glacial Stage and is said
that this period was rainicr than the present, so called “Pluvial Stage”. During this
petiod, the Lower Cretaccous Sandstone received enough fresh water from the surface
water and water quality in the Sandstone accordingly became fresh.

The Jurassic to Palcozoic Sandstone had no chance to encounter surface water until the
Lower Cretaceous Formation had been completely eroded in the Wadi Zalaga and Garf
arcas. Thus, finish of recharge to the Lower Cretaceous aquifer means start of
recharge to the older aquifers.

The Jurassic to Paleozoic sandstone was covered by the Wadi Deposits which consist of
sand, gravel and silt.  In the recharge area, silty material is dominant in the deposits so
that recharge to the sandstone is prevented in a certain degree,

Thus it can be said that the Jurassic to Paleozoic sandstone has not received enough
recharge of fresh water by surface water.

Process mentioned above caused the difference of water quality between the Lower
Cretaceous and the Jurassic to the Paleozoic Formations.

Estimation of Groundwater Storage

Groundwater storage of the Main Block of the Lower Cretaceous is estimated based on
the isopach map' and profiles assuming the aquifer thickness as 60% of the total
thickness of the Lower Cretaceous Formation and effective porosity as 0.15. The
results are as follows.

Area Storage (x 10° m’)
MainBlock ¢y 9%
SheiraBlock 4+ 13
Feiran Block 1.6

Groundwater Extraction

Groundwater in the Lower Cretaceous is used for domestic and/or irrigation water
supply. Extraction rate in each area is summarized as follows.
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Area Nutuber of Extraclion | Itrigation Arca
S Production Well | (u'year) . (feddan) |
Wadi Ghatandal ¢ 3 .. 240,000 _ 1500
Sudr El Heitan 1 ..40000 0 10
Nakhl 6 _.480000 1 300
Themed 3 240,000 150
Sub-Total 3 1,000,000 600
Wadi Feiran 6 720,000 300
‘Wadi Sheira 4 360,000 150 o
ot [ 23 12,080,000 ,050

Extraction of groundwater from the Main Block is estimated as,
Q Total Extraciion = liOOOaOGO mslyear
Groundwatcr Potential Area

A groundwater resources evaluation map was constructed based on the results of the
Study as shown in Fig. 3.5-17. Selected evaluation criteria are groundwater quality
and depth of groundwater table from the ground surface (mBGL) due to following
reasons.

(1) Groundwater quality is the most important criteria for both drinking and irrigation
use.

(2) Groundwater level (mBGL) controls availability of submersible pump and operation
cost of extraction.

(3) Depth of aquifer from ground surface will affect ‘conslruclion_ cost of wells.
However so far as the Lower Cretaceous is concerned;- neccssary dr_illi'ng depth is
around 1000 m. Even if there is a difference of depth, it is within 100 m,
Therefore, this factor is not selected to evaluate the sandstone of the Lower
Cretaceous.

{4) Thickness of aquifer is not selected. Although il is gcnefally:importan't factor in
selection of well locations, it has less importance to evaluate the Lower Cretaceous
Aquiter. Because the aquifer is generally more than 100 m thick in the entire area.
It is enough to install screen in the well. In this case, difference of aquifer
thickness will attect less to yield of wells.

(5) Aquifer constants such as pemleability and transmissivity are also important factors
that control yield of wells. In the sandstone of the Lower Cretaceous, cross
bedding and lamination are well recognized. Therefore, grain size distribution
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{requently changes in the seclion.  On the other hand, yield of wells during

pumping test was more than 30 m’/hour. Large difference among wells are not
recognized.  In general, facies of the sandstone changes so frequently because it is
of the continental margin deposit. It will not allow to make zoning of aquifer
constants. Heterogeneity of aquifer is reflected in water quality.  Therefore, it is
possible to take this factor into consideration as water quality. Thus this factor is

not selected.

Evaluation table is shown below;

Groundwater

i il i v
Depth (mBGL)
TDS Less than | 100-200 | 200-300 | 300-400 | More Beiter
(mg/l) 100 than 400
S |Less than 1000 Si Sii Siii Siv ] 4
A |1000-1500 Al Ail Aiil Alv -
B |1500-2000 Bi Bit Biii Biv -
C 12000-2500 Ci Cit Cini Civ -
D |More than 2560 D Dii Diit Div -
k 4
< pWorse
Better Worse

Based on the criteria above, groundwater potential areas are estimated. At present the
maximum capacity of submersible pump is of 400 m head.

(1) Condition 1; TDS: less than 1500 mg/l.  Groundwater level: less than 350 mBGL.
‘This area is suitable for drinking water supply.

Prospective area is a triangular area wide spread in the southward
from Nakhl of which area is about 1,050 km® as shown in Fig. 3.5-18.

(2) Condition 2; TDS: less than 3000 mg/l,

This area is suitable for irrigation water supply.

Groundwater level: less than 350 mBGL.

Prospective area is a lriaﬁgixlar area wide spread in the south of
Nakhl of which area is about 2,500 km’ as shown in Fig. 3.5-19.
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Table 3.5-1  Hydrogceological Data (Lower Cretaccous)
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Numbes of Sample

Area
Main Block | Existing Well 3
i JICA Test Well 5
Gharandal Sub-Block ]
Sheira Block 3
Feiran Block 2
Total 19

Fig.3.5-10  Piper Diagram
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Groundwater Evaluation for Irrigation {Lower Cretaceous)
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Chapter Nt Fhydrogeology

Paleozoic

The Paleozoic Formations are widely distributed in the upstream arca of the Wadi
Zalaga and the Wadi Garf. The Paleozoic Formation is completely overlain by the
younger formation in the Wadi Gharandal area.  Distribution of the aquifer is cut by
the fault in the west and continues to the Et Tih Plateau area in the easl.

The well Gharandal-3 reached the Paleozoic Formation. Its facies is sandstone.
Groundwater level is 96.9 mBGL, while the screen was installed from 656 to 770 m
depth.  Thus, groundwater in the Paleozoic aquifer is confined.

TDS value of the aquifer is 5,060 mg/l which is much higher than that of the Drinking
Water Standard. lon comgpositions of groundwater in the Wadi Gharandal are also
piotted in Fig. 3.6-1 together with that of the Upper Cretaceous and the Lower
Cretaccous aquifers.  They are plotted in the similar position. It is suggested that
groundwater of these aquifers are mixed cach other. [t may be caused by the
geological turbulence in the area.

The Palcozoic Formation is also confirmed in other wells, Sheira-1 and J-5.  However,
screen was not installed in these wells.

In addition, some dug wells may collect gré)imdwater in the Paleozoic Formation in the
Wadi Garf, however, most of dug well in the area arc dug into the Quaternary
Formation. The Palcozoic Aquifer is recharged by rain and flood water in the Wadi
Gatf because the Aquifer crops out widely in the catchment area.

As mentioned before, the Paleozoic Aquifers may be recharged by surface water in the
Wadi Zataga and the Wadi Garf.
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