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Geomorpho]ogically, the El Saff area is classified into six
geomorphic units, namely structural plateau, isolated hills,
piedmont plain, alluvial fans, Nile flood plain and hydrographic
basins. It is dissected by four main canals with different ground
elevations. Three of them (El Hager, El Kashab and El Gabal)
carry River Nile water with salinity ranging mainly from 220
ppm to 380 ppm (fresh water), while the other (El Saff Canal)
carries treated industrial and wastewater released from the cities
of Helwan and El Tabin, with salinity ranging from about 620
ppm to about 830 ppm (fresh water).

There are two main aquifer systems in the study area,
belonging to Quaternary and Eocene units. The Quaternary
aquifer system is located in the western part, while the Eocene
aquifer system is restricted to the eastern part. They are
hydraulically connected with each other through fauits and
intergranular flow. The Quaternary aquifer system can be
differentiated into Nilotic and alluvial aquifers. The Nilotic
Aquifer occupies a narrow strip adjacent to the River Nile. It is
recharged mainly from the River Nile, irrigation systems and
the alluvial aquifer, which produce a variation in groundwater
salinity from 288 ppm (fresh water) near the River Nile to 2040
ppm (brackish water) in the eastern part. The alluvial aquifer
occupies the alluvial fans of the main wadis and extends
eastward to the piedmont plain. It varies in thickness from about
30 to 60 m. It recharged mainly from the El Saff and El Hager
Canals, and the Eocene aquifer system. Groundwater salinity in
the alluvial aquifer ranges from 1040 ppm to 2950 ppm
{brackish water).

The Eocene aquifer system can be differentiated into
Upper Eocene and Middle Eocene aquifers. The Upper Eocene
aquifer is located at the high relief areas of the piedmont plain
with groundwater salinity ranges from 2410 ppm to 5360 ppm
(brackish water), where it recharged mainly from El Saff Canal.
The Middle Eocene aquifer occupies most of the eastern part of



126 Ahmed F. Yousef

the study area. It is recharged mainly from the eastern
watershed area and the El Saff Canal especially in the northern
part, as indicated by the variation of groundwater salinity
between 2750 ppm (brackish water) and 13000 ppm (saline
water).

Most of the surface water samples are suitable for
drinking purposes except the El Saff canal water samples, while
most of the groundwater samples are not suitable except the
Nilotic aquifer adjacent to the River Nile. On the other hand,
nearly all the surface and Nilotic aquifer water samples are
suitable for irrigation of all crops, while most of the alluvial
aquifer water is satisfactory for salt tolerant crops, but the
Eocene waters are mainly not suitable for irrigation.

Keywords: Surface, groundwater, reclaimed, El Saff, Eastern Desert, Egypt.

Groundwater in Egypt is of vital importance for domestic, agricultural and
industrial water supply. In the El Saff area, groundwater is the main water
supply for different purposes of the main populated villages such as Al
Agwaz, Gamaza El Kobera. Gamaza El Soghra, Tksas and El Shorafa. The
study area lies south of Cairo between latitudes 29° 33' 00" to 29° 46' 00"
and longitudes 29° 30" 00" to 30° 26' 00" (Fig. 1). It is bounded by River
Nile to the west and the Red Sea waler divide to the east.

Topographically. the study area has ground elevations ranging from
about +095 m in the eastern part to about +20 m above sea level near the
River Nile. It has relatively steep slope in the eastern part and it changes
westward to become of gentle slope. The variability of slopes is due to the
effect of a fault system oriented mainly NW-SE,

From the climatic point of view. the study area has an arid climate and
is characterized by very low rainfall, high temperature and high evaporation.
Where, the mean maximum temperature ranges from 25 °C to 36 °C in
summer scason and the minimum ranges from 16 °C to 15 °C in winter
season. The main rainfall ranges from 2 to 5 mm/year and the relative
humidity is 50-60%.

Structurally, faulting is the dominant element in which the area is
affected mainly by two fault systems trending E-W (Mediterranean) and
NW-SE (Clysmic) as seem in figure (2). Minor associated folds have been
recognized in the eastern portion and are oriented NW-SE.

The study area has attracted the attention of different workers for
regional geomorphological and geological views (Attia, 1954; Said and
Beheiri, 1961; Said, 1962, 1975 and 1990; and Gharieb, 1990); for
groundwater prospecting (DRC, 1994; and Khaled and Al Abaseiry, 2003);
for regional hydrogeologic setting (Abdel Shafy et al, 1986; RIGW /
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IWACO, 1998; and Awad, 1999); and for groundwater pollution (Awad et
al., 2002). These works did not take into consideration the impact of
geomorphological, structural and geological aspects on the groundwater
occurrence, distribution and quality in the El Saff area. Also, they did not
detect the sources of recharge, the relationships between the groundwater
aquifers and the surface water, and the use of the water resources for
different purposes. Thereby, these points become the main objective of this
work.
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Fig. (1). Location map of the studied area.
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MATERIALS AND METHODS

The present study was based on the following:
1- Geologic map (after Said, 1962).
2- Topographic maps (scale 1:50 000).
3- Satellite images.
4- Available composite logs of shallow and deep wells.
5- Detailed field observations and measurements.
6- Collection of water samples representing surface water and groundwater
aquifers. :
7- Chemical analyses of the collected water samples.
8- Literature.

RESULTS AND DISCUSSION

1- Geomorphology

Based on the geologic map (Fig. 2), topographic maps (scale 1:50
000), SPOT and TM satellite images (Fig. 3), field observations and
literature, a geomorphologic map of the study area was made (Fig. 4). It is
divided into six geomorphic units, including structural plateau, isolated hills,
piedmont plain, alluvial fans, Nile flood plain and hydrographic basins. They
are discussed as follows:

Structural Plateau occupies the western edge of the Red Sea drainage
divide. This area is characterized by the presence of Gabal Al Jalalah al
Bahariyya (+ 695 m), Gabal al Hayy (+521 m) and G. Maskharah (+458 m),
from south to north. They are separated mainly by a NW-trending main fault
system. The plateau is composed of middle Eocene rock. They are dissected
by numerous tributaries.

Isolated hills are located west of the structural plateau. This unit is
characterized by the presence of Gabal al Tur al Asfar (+215 m), Gabal Ash
Shihaiyybh (+202 m), Gabal Shihaiyybat Abu Knufs (+194 m) and Gabal
Hisan Maijjli (+168 m). These peaks are also separated by the main NW fault
system. They are composed mainly of limestone belonging to Upper Eocene
in the southern part and Middle Eocene in the northern part. They are
dissected by many tributaries that debouch their water through three main
wadis, namely; al Warij, al Hayy and al Khamilat from south to north.

The piedmont plain is present west of the isolated hills. It has variable
elevations, ranging from about +137 m in the eastern part to about +56 m in
the western part. Grain size varies from boulders, gravels and coarse sand in
the eastern part to coarse to medium sand in the western part of Pleistocene
age. The alluvial sediments are derived mainly from the eastern high

mountains during rainy seasons. The plain is dissected mainly by al Warij, al
Hayy and al Khamilat wadis.
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Fig. (4). Geomorphological map of El Saff Area, Eastern Desert, Egypt.

Alluvial fans are located at the mouths of the al Warij, al Hayy and al
Khamilat wadis, where the coalesce to form a bajada. They are characterized
by ground elevations varying from +24 m to +45 m and are bounded to the
west by the El Hager Canal. They are composed mainly of medium to fine
sand. Deposition of these fans occurred mainly during rainy seasons in the
Pleistocene Epoch. There are a series of sabkhas in the study area that are
located in low lying positions between the alluvial fans and Nile flood plan.
They are composed mainly of fine sand, silt and clay covered by a thin salt
crust. They are formed due to the intersection of water table with
depressional areas.

The Nile flood plain is located adjacent to the River Nile. It is
characterized by ground elevation ranges from +23 to +21 m with smoothly
undulating topography. It is composed mainly of gravel and sand of
Pleistocene age, overlain by Holocene silt and clay deposited by River Nile
floods.

There are three main hydrographic basins, including the al Warij, al
Hayy and al Khamilat wadis, occurring from south to north. They are
elongated in shape and are strongly controlled by the structural framework of
the area. They allow rain water from heavy storms to pass towards the Nile.
2- Geologic Setting

According to the geologic map (Fig. 2), the main outcropping
geologic units in the study area belong to the middle Eocene, upper Eocene,
Pliocene and Quaternary. The middle Eocene rocks occupy the eastern part
and are composed mainly of limestone with thin lenses of shale, while the
upper Eocene rocks are located only in the southern part and are composed
mainly of limestone with sand and shale layers. Pliocene rocks are located
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also in the southern part of the area and are composed mainly of shale with
lenses of sand. On the other hand, Quaternary sediments occupy most of the
western part of the study area, which can be differentiated into Pleistocene
and Holocene units. The Pleistocene sediments lie to the east and are
composed mainly of gravel, coarse sand and medium sand, whereas, the
Holocene sediments are located around the River Nile and are composed
mainly of silt and clay.
5- Surface Water

The studied area is dissected by four main canals (Fig.1) with different
ground elevations (Table 1), which are used to irrigate the cultivated lands at
different levels. Water flows by gravity from the relatively high lands to the
relatively low lands. Three canals (El Hager, El Kashab and El Gabal) carry
River Nile water. They are used to irrigate the old lands adjacent to the River
Nile. The water salinity of these canals increases at low flow from about 220
ppm to about 280 ppm (Table 1) except at the end of El Hager Canal that
reaches about 1520 ppm where the canal in this area acts as a drain for
groundwater.

TABLE (1). Chemical analyses of the surface water in El Saff area in

_ppm.
o g2 |3
g o E % g g g ) y > Zlal| A ® =
2 %;é 5
1 River At the start 25.00 |0.37]220.00|7.80| 6.00 | 41.00 | 6.00 |25.00| 2.40 | 2.00 |217.70
2 Nile At the end 19.00 | 0.63 | 377.00 |[7.50| 7.00 | 85.00 [11.00/30.00| 45.00 | 65.00 [217.70
3 El Gabal 23.00 |0.37 | 220.00 |7.60| 5.00 | 43.00 | 6.00 {24.00{ 3.00 | 1.50 |217.70
4 Bl Atthestart | 24.00 |0.37 | 221.00 |7.40| 5.50 | 50.00 | 5.00 |19.00| 3.10 | 0.90 |217.70
5 Kashab At the middle| 23.00 |0.40 | 241.00 |7.50| 5.90 | 60.00 | 4.00 [18.00| 10.00 | 3.50 [221.00
6 At the end 22.00 | 0.47]281.00 |7.70] 7.80 | 75.00 | 3.00 [17.00| 28.00 | 8.00 |(217.70
7 | Atthestart | 25.00 | 0.38 | 227.00 [7.40| 7.40 | 45.00 | 6.00 |22.00] 3.00 | 3.00 |217.70
8 El Hager At the end 22.00 |2.541523.00|7.50|53.00|385.00|30.00{90.00{470.00| 130.00 |550.00
9 Atthe start | 86.00 |1.03|616.00|7.50{11.10/135.00|24.00|40.00|205.00| 30.00 |217.70
10 | El Saff | Atthe middle| 82.00 |1.38 | 828.00 |7.80|16.00(172.00|28.00|55.00{280.00( 60.00 |217.70
It At the end 80.00 | 1.38]829.00 |7.60|16.20|184.00[30.00(58.00{290.00| 90.00 |217.70
Ec= Electric conductivity TDS= Total dissolved salt K= Potassium
Na*= Sodium Ca’= Calcium CI'= Chloride
SO, = Sulphate HCOj = Bicarbonate

On the other hand, the El Saff lined canal has a ground elevation
ranging from +86 m at the start to +80 m at the end (Table 1). The main
source of the canal is the release of the treated industrial and wastewater
from the cities of Helwan and El Tabin. It is used to irrigate the newly
reclaimed lands in the eastern fringes of the El Saff area that are

characterized by ground elevation ranging from about +30 m to about +30m.
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It has a water salinity of 616 ppm at the start of the canal, increasing along
its course to 829 ppm, probably due to the effect of groundwater seepage
from the Eocene Aquifers through fissures in the canal lining.

The same phenomenon is recorded in the salinity of River Nile, which
increases from about 220 ppm at El Saff to about 380 ppm at the
downstream ‘end of the area. The increase of salinity, which reaches 580
ppm, may be due to groundwater discharge into the river
3- Groundwater

Based on composite logs and well logging of the available shallow
and deep water wells (Fig. 5). hydrogeologic cross sections (Figs. 6 and 7)
and chemical analyses of the selected water points according Rainwater and
Thatcher (1960) methods (Tables 2, 3 and 4) as well as literature, there are
two main aquifer systems in the studied area belonging to Quaternary and
Eocene (Fig. 8). They are discussed as follows:

a- Quaternary Aquifer System

The Quaternary aquifer system is located in the western part of the
study area (Fig. 8) and can be differentiated into two aquifers according to
the source of sediment, namely Nilotic (Prenile and Protonile) and alluvial.
The Nilotic aquifer occupies a narrow strip adjacent to the River Nile. It
consists of Pleistocene sands and gravels with thickness ranging from a few
meters in the eastern part to about 150 m adjacent to the River Nile. The
aquifer has two units separated from each other by a clay layer. Water
quality is represented by 11 water samples (Fig. 5 and Table 2). The top of
the aquifer is hydraulically connected with the River Nile, irrigation systems
and the alluvial Aquifer. This is indicated by the variation of groundwater
salinity that ranges from 288 ppm (fresh water) near the River Nile to 2040
ppm (brackish water) in the eastern part. On the other hand, the deep layer is
hydraulically connected with surrounding deep aquifers having water salinity
ranges from 1578 to 1580 ppm (brackish water).

The Alluvial aquifer occupies the alluvial fans of the main wadis and
extends eastward to the piedmont plain. It is composed mainly of boulders,
gravels and coarse sand in the eastern part and changes westward to become
mainly coarse and medium sand that is derived mainly from the eastern
marine rocks. It has a thickness ranging from about 30 to 60 m. It is
represented by 12 water samples (Table 3). It is recharged mainly from EIl
Saff and El Hager Canals and Eocene aquifer system (relatively high
groundwater salinity). This is indicated by the variation of groundwater
salinity that ranges mainly from 1040 ppm to 2950 ppm (brackish water).

b- Eocene Aquifer System

The Eocene aquifer system can be divided into Upper Eocene and
Middle Eocene aquifers. They are hydraulically connected. The upper
Eocene aquifer is located at the high relief areas of the piedmont plain. It is
composed mainly of limestone with sand and shale layers. It is represented
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by four water samples (Table 4). It is recharged mainly from the El Saff
Canal and the eastern middle Eocene aquifer. These appear from the

variation of groundwater salinity that ranges from 2410 ppm to 5360 ppm
(brackish water).

20° 29°
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[ Surface water
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Fig. (5). Location map of the selected water samples of El Saff area,
Eastern Desert.
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TABLE (2). Chemical analyses of the Nilotic groundwater aquifer in El

Saff area.

o g

=
L é E <2} ) o)
£ 1822 |3| 8 x|z | & & |a]| é a
2 cz| E (28 lgglg8g|=la| | 2 L2 I @
= | 8% e |2 [EEIBE 23 g = g ) = =
2 (=2 | € |32 |7&|° 1% % |8l % |E
#lEg|F || € RO T S =

g z

P
2 | 24 | 10 | 7 |048| 288 |76]390] 65 | 11 | 19 | 32 | 40 | 185
3| 24 | 10 | 7 049|292 |78 |430] 70 | 10 | 18 | 35 | 45 | 180
14 | 22 | 25 | 12 | 066|395 | 7.5 |[470| 89 | 16 | 20 | 61 | 50 | 210

>
IS
)
'
[=}
i

098 | 582 | 7.8 | 546 | 110 24 55 150 50 260

16 23 12 121 [ 733 | 7.4 [ 998 | 114 40 70 140 180 262
17 22 48 1.51 | 908 | 7.5 | 5.80 | 240 30 40 270 80 349
18 28 12 6 2.64 | 1578 | 7.7 |14.00| 410 36 100 600 200 300

0
w
(=
(=N
(=

10 | 210|1580| 7.5 | 740 | 338 36 60 360 330 218
21 2.10 [ 1580 7.5 | 5.00 | 360 | ,24 60 340 330 262

[ =]
(=}
n>
(%]
<
[=]

21 22 16 8 1.95 | 1830 | 7.7 | 470 | 250 55 75 410 120 305

22 24 15 8 341 (2040 | 7.5 [39.00 398 110 132 900 200 262
Ec= Electric conductivity TDS= Total dissolved salt K*= Potassium
Na'= Sodium Ca'= Calcium CI’ = Chloride
SO, = Sulphate HCOj5 = Bicarbonate

TABLE (3). Chemical analyses of the alluvial groundwater aquifer in El

Saff area.
g .5
ce - = <) + <) = o w|g =
z| =5 =5 | & TR
: 88 I
g g
23 30 13 1.5 1.68 | 1040] 750 3.0 250 35 50 | 180 | 300 | 300
24 39 36 8 2 1200 | 7.80 | 5.6 270 36 | 100 | 350 | 300 | 218
25 37 16 4 257 | 1539750 | 14.8 280 60 155 [ 603 | 220 | 217
26 24 27 19 264 | 15781770 | 10.1 390 28 120 | 400 | 410 | 330
27 38 50 22 422 |2530(7.50| 105 650 96 | 100 | 980 | 450 | 260
28 36 36 10 424 | 2540|760 | 7.0 850 24 60 [1100| 305 | 290
29 63 36 28 424 |2540 | 760 8.6 780 30 | 110 | 890 | 520 | 370
‘ 30 36 25 16 43 2570|740 7.0 800 36 | 100 | 1040 | 550 | 131
} 31 42 4] 12 451 12710[7.80] 6.2 600 90 | 200 | 1150 | 300 | 280
32 28 65 6 459 | 2750|740 | 39 810 36 125 | 970 | 530 | 349
33 23 20 6 493 |2950|7.80 | 15.6 750 71 | 200 | 1150 | 500 | 360
34 24 42 16 1644 | 9870|770 | 8.6 2300 | 360 | 670 | 4800 | 1200 | 174
Ec= Electric conductivity TDS= Total dissolved salt K*= Potassium
Na*= Sodium Ca'= Calcium CI" = Chloride
S04 = Sulphate HCO;" = Bicarbonate
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TABLE (4). Chemical analyses of the Eocene Aquifer System in El Saff

area.
173 = - =
= B o 5 ®E g 2
R - (- S g282l80l8nlE2|55
= |E Ez23| =gzl d | 2R R 2l e Ol
TlFRIEE| B RLSS|EC|ER|Z BB BT EET|ETES
17| =g" 8| 2258
35 - 42 72 24 4.02 | 2410 |7.50| 5.40 | 640 36 180 | 840 | 500 | 349
36 2‘2’: 64 36 24 547 | 328017.50| 3.10| 1130 12 60 | 1220 | 630 | 340
37 g 5 39 45 11 2 | 3710 [7.60]10.14| 800 72 420 | 1600 | 600 | 218
38 44 45 13 8.99 | 5360 [7.40| 5.85| 1400 | 120 | 360 | 2400 | 750 | 262
39 43 72 18 4.59 12750 |7.40| 5.50 | 470 114 | 310 [ 1200 | 320 | 300
40 74 10 73 5.31 | 3400 [7.96{49.00| 400 160 | 420 | 400 | 1800 | 205
41 z 78 11 75 6.4 | 4100 [7.88|98.00| 450 109 | 660 | 950 | 1500 | 195
42| & 39 30 18 6.89 | 4120 |7.50] 6.90| 980 96 | 340 | 1763 | 600 | 305
43 = 70 60 27 7.37 | 4400 |7.80[11.70| 1320 | 108 | 140 | 1900 | 750 | 262
44 g 7 12 76 1.31 16600 7.911.00] 1725 | 268 | 520 | 1650 | 3450 | 250
45 5 76 12 75 15.78 10100 7.4 [47.00| 1800 | 435 | 800 | 2350 | 400 | 287
46 | © 90 150 60 20.3 |12180(7.50| 9.90 | 3400 | 312 | 560 | 5100 ] 1700 | 1300
47 51 42 10 21.1 [12670|7.60[23.00| 3000 | 540 | 600 | 6000 | 1600 | 131
48 80 15 75 20.32 [13000] 7.3 [ 10.00| 3500 | 268 | 550 | 2100 | 6650 | 240
Ec= Electric conductivity =~ TDS= Total dissolved salt K'= Potassium
Na'*= Sodium Ca'= Calcium Cl'= Chloride
SO,” = Sulphate HCO5 = Bicarbonate
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Fig. (8). Groundwater Aquifers in El Saff area.

On the other hand, the middle Eocene aquifer occupies most of the
eastern part of the study area. It is composed mainly of limestone with sand
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and shale layers. It is represented by ten water samples (Table 4). It is
recharged mainly from the eastern watershed area and the El Saff Canal
especially in the northern part. This is indicated by the variation of
groundwater salinity that ranges from 2750 ppm (brackish water) to 13000
ppm (saline water).

From above discussion it can be concluded that all the groundwater
aquifers are hydraulically connected with each other through faults and
pores. However, the variation of groundwater salinity is due to the variation
of the salinity of aquifer sediments and the main source of recharge. These
relationships are illustrated by water table and groundwater salinity maps of
the study area presented below.

The ground elevation of the water sampling points have a relatively
gentle westward slope ranging from more than +100 m in the eastern part to
about +21 m in the western part of the area(Fig. 9). The water level map of
the study area (Fig. 10) is strongly controlled by the ground elevation (Fig.
9) and highly affected by the water recharge -from the irrigation canals (El
Saff, El Hager, El Kashab and El Gabal), River Nile and the eastern
watershed area. The water level ranges from about +76 m in the eastern part
(near the El Saff Canal) to about +4 m near the River Nile in the western
part.

The ground water salinity is highly affected by the salinity of the
source of recharge (Fig. 11). This is reflected in the restriction of the high
groundwater salinity (7000 ppm to about 13000 ppm) in the east, which is
recharged mainly from the eastern watershed area. On the other hand, the
recharge from the El Saff fresh water canal decreases the groundwater
salinity to about 2000 ppm. Westward, the irrigation canals (El Hager, El
Khashab and El Gabal) and the River Nile decrease the ground water salinity
to about 300 ppm.

4- Hydrogeochemistry
a- Major cations and anions

From the chemical analyses of the collected surface and groundwater
water samples (Tables 1, 2, 3 and 4) and the hydrochemical ion contents in
the study area, the source of groundwater recharge and the type of sediments
in the groundwater aquifers can be interpreted, as mentioned before. The

following relationships are illustrated in figs. (11-16):

i- The distribution of calcium, sodium and chloride ions (Figs. 12, 13 and
14) shows high concentrations of these parameters in the east, decreasing
toward the west. :

ii- The relative similarity of HCO; in the study water samples due to the
River Nile is the main source of recharge and the groundwater aquifers is

hydraulically connected. That might explain similar values obtained for
HCO; at table (1).
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ili-The dominant sequence of ion content in both surface water and the
Nilotic aquifer is Na + > Ca ++>Mg ++ - Cl -> HCO; -> SOy --, while the
dominant sequence within the other aquifers is Na +>Ca++ > Mg++ - Cl
-> S04 --> HCO; —.

iv- The main salts present within the Eocene aquifer system are NaCl and
MgSO., which change westward to NaCl and CaSOy due the effect of the
recharge from the eastern watershed area. In the alluvial aquifer, the
dominant salts are mainly NaCl and Na,SO,, due to the effect of the
recharge from El Saff fresh water canal. The recharge from the irrigation
canals (El Hager, El Khashab and El Gabal) and the River Nile produces
salt contents of NaCl and Ca(HCO;),.
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Fig. (9. Ground elevation map of Fig. (10). water level map of El
El Saff area. Saff area

b- Diagenesis of Groundwater

Plots of the hydrogeological and hydrochemical analyses on the
diagram of Piper (1944) and the diagram of Sulin's (1948) (Figs. 15 and 16)
indicate that the water quality of the surface water and the various aquifers
are controlled by infiltration (meteoric type). However, the chemical
composition of the aquifer systems reflects the role of aquifer sediments

only.
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5- Water Resources Evaluation
With regard to the suitability of water quality for drinking, domestic
and irrigation purposes, the following conclusions can be made:
a- Evaluation of water quality for drinking and domestic purposes
According to the international standards (Table 5) proposed by the
World Health Organization “WHQO” (1971), all the surface water samples are
suitable for drinking purposes except Sample no. 8 of the El Hager Canal
and the El Saff water samples that contain relatively high salinity and a high
percentage of microbiological content. On the other hand, although the
groundwater within the Nilotic aquifer adjacent to the River Nile is suitable
for drinking purposes, groundwater from the other aquifers is not suitable
due to its high salinity and the presence of some microbiological content.

3 Zurface water

O gxtr;;[n ary Aomfer System 100
+ IMilotic &ouifer
O Allumal &eufer

SQ,+Cl

@ Eocene Aquifer System &0 N\, 60

Ca+Mg

Fig. (15). Piper Diagram of the studied water samples.
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Fig. (16). Sulin Diagram of the studied water samples.

TABLE (5). International Standards for drinking by the World Health
Organization (1971).

Substancs or Undesirable effect Highest desirable level Maximuo
characteristic permissible level
TDS Gastrointestinal 500 mg/] 1500 mg/l
PH Corrosion 7.5t08.5 65t092
Total Excess scale formation 100 mg/l Ca CO3 500 mg CaCO3
hardness
Calcium Excess scale formation 75 mg/ 200 mg/l
Hardness tests, gastrointestinal Less than, 30 mg/l if there 1.5‘
P SR 250 mg/l sulphate. If there is
Magnesium irritation in the presence of 150 mg/l
sulohiate less sulphate, (Mg) up to 15 =
P 0 mg/l may be atlowed
Gastrointestinal irritation where
Sulphate magnesium or sodium are 200 mg/l 400 mg/l
present
Discoloration deposits and
Iron growth of iron, bacteria turbidity 0.1 gl L /Ormmg/]

b- Evaluation of water quality for livestock and poultry

According to standards of National Academy of Science and Natjonal
Academy of Engineering (1972), the following classes are deduced (Table
6):
1-All the surface waters are excellent for livestock and poultry except sample
no. 8 of the El Hager Canal and the El Saff Canal samples that are very
satisfactory.

i~ Most of the Nilotic and alluvial aquifer water are very satisfactory for all
classes of livestock and poultry, whereas the Eocene Aquifer System water
samples are satisfactory for livestock but may cause temporary diarrhea.
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TABLE (6). Guide to the use of saline water for livestock and poultry
(National Academy of Science and National Academy of

Engineering, 1972).
Character
TDS (mg/l)
Less lr::/ll 1000 Relatively low level of salinity. Excellent for all classes of livestock and poultry.
1000 to 2999 Very satisfactory for all classes of livestock and poultry. May cause temporary and
mg/l mild diarrhea in livestock not accustomed to them or watery dropping in poultry.
Satisfactory for livestock, but may cause temporary diarthea or be refused at first by
3000 to 4999 . )
mg/l animals not accustomed to them. Poor water for poultry, often causing water face,
increased mortality and decreased growth, especially in turkeys.
Can be used with reasonable safety for dairy and beef cattle for pregnant or locating
5000 to 6999 . . . .
mg/l cows, swine and horses. Avoid use for pregnant or locating animals. Not acceptable
for poultry.
Unfit for poultry, for swine. Considerable risk in using for pregnant or locating cow,
7000 to 10000 horses or sheep or for young of these species. In general. Use should be avoided
mg/l although older ruminants, horses, poultry and swine may subsist on them under
certain conditions.
Over 10000 mg/! Risk with these highly _sglme water are so great that they can not be recommended
for use under any conditions

c- Evaluation of water quality for irrigation
The classification of U. S. Salinity Laboratory (1954) is used in the
present study to evaluate the water samples analyzed for irrigation purposes.

This classification depends on the relationship between the sodium

adsorption ratio (S.A.R.) and the electrical conductivity (EC) of the water

samples. The plotted water samples on the diagram (Fig.17) give raise the
following result: '

i- Water of medium salinity and low S.A.R. (C,S) that can be used for the
irrigation of most crops includes most of the surface water samples and
Nilotic water samples nos. 12, 13 and 14.

ii- Water of high salinity and low S.A.R. (C;S)) that can be used for the
irrigation of most plants and is suitable for all soil texture includes the El
Saff water samples (nos. 9, 10 and 11), and the Nilotic groundwater
sample nos. 15 and 16.

iii- Water of high salinity and medium S.A.R. (C;S,) that can be used for the
irrigation of relatively sensitive plants includes Nilotic groundwater
sample nos. 17, 19 & 21 and alluvial groundwater sample nos. 24 & 23.

iv-Water of very high salinity and medium S.A.R. (C4S2) that are
satisfactory for salt tolerant crops and soils of good permeability with
special leaching includes Nilotic groundwater sample no. 22 and alluvial
groundwater sample no. 25 as well as Middle Eocene sample no. 39.
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v- Water of very high salinity and high S.A.R. (C4S83) that is suitable for
irrigation under ordinary conditions includes water sample no. 18 of
Nilotic aquifer and 26, 27, 31 and 33 of the alluvial aquifer and sample
no. 35 of the Eocene Aquifer.

vi- Water of very high salinity and very high S.A.R. (C4S3) that is not
suitable for irrigation under ordinary conditions includes water sample
nos. 28, 29 and 30 of the alluvial aquifer.

vii-The remaining water samples that have high electric conductivity (more
than 5000 micro mohs) should not be applied for irrigation purposes.

Na
Hazard 100 500 1000 5000
T ==
Very g wface water -
H|g|11 O Surface water 30
S4 Quaternary Aquifer System
26} w Nilotic Aquifer
i o * Altuvial Aquifer
HS'3gh T o Eocene Squifer Svstem .
=] 120
18] Foe
e e B
Mediium T T ~ !
52 -
= e -._é |
10— T * 10
Low F__“‘-——-______ _ O s L
$1 ""-——L______ S X o
0,8 1%
# ﬁ o ) X Ty |
0
100 250 750 2250
Condudivity imicomhos/cm at 25 C)
I C1 (Low t C2 (Mediumy I C3 (High) fC-i (Very High) I
Salinity hazard

Fig. (17). Diagram for the classification of water resources for irrigation
purposes (According to U.S. Salinity Laboratory Staff, 1954).

SUMMARY, CONCLUSIONS AND RECOMMENDATIONS

The present work is concerned with the impact of geomorphological
and geological factors on groundwater occurrence, distribution, and water
quality in the El Saff area. 1t is also concerned with detection of the sources
of groundwater recharge; the relationship between groundwater aquifers &
the surface water; and the use of water resources for different purposes. It is
based on analysis of geologic maps, topographic maps, satellite images,
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available composite logs of shallow & deep wells, detailed field observations
and measurements, collection of water samples representing surface water
and groundwater aquifers, chemical analyses of the collected water samples
and the literature.

Geomorphologically, the study area is classified into seven
geomorphic units: including high mountains, isolated hills, piedmont plains,
alluvial fans, Nile flood plain, sabkhas and hydrographic basins. It is
dissected by four main canals at different ground elevation. Three of them
(El Hager, El Kashab and El Gabal) carry River Nile water with salinity
ranging mainly from 220 ppm to 380 ppm, while the other (El Saff Canal)
carries drainage water of treated industrial and wastewater released from
Helwan and El Tabin Towns having salinity ranging from about 620 ppm to
about 830 ppm.

The two main aquifer systems in the study area belong to the
Quaternary and Eocene. The Quaternary aquifer system is located in the
western part, while the Eocene aquifer system is restricted to the eastern
part. The Quaternary aquifer System can be differentiated into Nilotic and
alluvial aquifers. The Nilotic aquifer occupies a narrow strip adjacent to the
River Nile and is recharged mainly from the River Nile, irrigation systems
and the alluvial aquifer which produce a variation in groundwater salinity
ranging from 288 ppm near the River Nile to 2040 ppm in the eastern part.
The alluvial aquifer is located in the alluvial fans of the main wadis and
extends eastward to the piedmont plain. It is recharged mainly from the El
Saff and El Hager Canals, as well as the Eocene Aquifer (relatively high
salinity). It has groundwater salinity ranges from 1040 ppm to 2950 ppm.

The Eocene Aquifer System is differentiated into Upper Eocene and
Middle Eocene aquifers. The Upper Eocene Aquifer is located at the high
relief areas of the piedmont plain with salinity ranging from 2410 ppm to
5360 ppm. The Middle Eocene aquifer occupies most of the eastern part of
the studied area and with groundwater salinity varying from 2750 ppm to
13000 ppm. It is recharged mainly from the eastern watershed area and the
El Saff Canal, especially in the northern part.

There is a direct relationship between the surface water (El Saff Canal,
El Hager Canal and El Kashab Canal, as well as the River Nile) and the
groundwater aquifers. The River Nile and the El Kashab Canal are the main
source of recharge of Nilotic Aquifer. El Saff canal is the main source of
recharge in the alluvial aquifer and the El Saff canal is the main source of
recharge in the Eocene Aquifer especially in the northern part. On the other
hand, all the groundwater aquifers are hydraulically connected with each
others through faults and pervious sediments. The variation of groundwater

salinity is due to the variation of the salinity of aquifer sediments and the
main source of recharge.
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Most of the surface water samples are suitable for drinking purposes
except El Saff canal water samples, while most of the groundwater samples
are not suitable except the Nilotic Aquifer adjacent to the River Nile. On the
other hand, all the surface waters are excellent for livestock and poultry
except that of El Saff Canal samples that are very satisfactory, while most of
the groundwater samples are very satisfactory for all classes of livestock and
poultry except the Eocene Aquifer System water samples which are
satisfactory for livestock but may cause temporary diarrhea. Nearly all the
surface and Nilotic Aquifer water samples are suitable for irrigating all
crops, while most of the alluvial aquifer waters are satisfactory for salt
tolerant crops but, the Eocene water is mainly not suitable for irrigation.

Therefore, the following recommendations may be stated:

i-  Detailed shallow and deep groundwater exploration in the eastern part
to detect the extension, thickness and potentiality of the Eocene Aquifer
System. .

ii- Detailed deep groundwater exploration in the area of alluvial aquifer to
detect the Pliocene aquifer and its potential yield.

iii- Drilling several observation wells to monitor the groundwater aquifers
from chemical and biological point of view.

iv- The smell of the groundwater samples seemed to have some
microbiological pollution from the El Saff Canal and septic tanks of the
scattered villages, thereby the groundwater must not be used for
drinking purposes.

v- The El Saff Canal should be perfectly lined to prevent seepage of water
to the groundwater aquifers.

vi- El Saff Canal water should be treated or mixed with Nile water before
using for different purposes.

vii- New water resources planning should be conducted based on he results
of the recommend works.

ACKNOWLEDMENT

The author would like to thank Dr. Ibrahim H. Himida, Professor of
Hydrogeology, Ex- Chairman of Desert Research Center and Dr. Alan E.
Kehew, Professor of Hydrogeology, Western Michigan University for their
very helpful reviews.

REFERENCES

Abdel Shafy, E.; B. Mabrouk; and M. Shehata (1986). Geological studies on
Quaternary sediments in El Saff area with some regional

Egyptian J. Desert Res., 57, No.1 (2007)



146 Ahmed F. Yousef

hydrogeological emphasis. Bull. Fac. Sci., Zagazig Univ.,
Egypt, No. 30, p. 52-76.

Attia, M. 1. (1954). Deposits in the Nile valley and the Delta. Mines and
Quarries Dep. Geol. Surv. Egypt, Cairo, 356 pp.

Awad, S. R. (1999). Environmental studies on groundwater pollution in
some localities in Egypt. Ph.D. Thesis, Faculty of Science,
Cairo University, Egypt.

Awad, S. R.; N. E. El-Arabi; J. B. Khalil and A. E. Eweida (2002).
Hydrogeology, hydrochemistry and pollution of groundwater in
El Saff area, Egypt. Third Proceeding of the International
Conference of Groundwater Level Control Inside Urbanized
Areas, Faculty of Engin., Mansoura Univ., Egypt. p. 266-277.

DRC (Desert Research Center) (1994). Geoelectrical prospecting on the
groundwater in the area East of Ghamaza (South Helwan,
Egypt), an Internal Report. Desert Research Center, Egypt.

Gharieb S. E. M. (1990). Geological and geomorphological studies on the
limestone, East of Nile, Beni Suef and Minia Governorates. M.
Sc. Thesis, Faculty of Science, Cairo University, Egypt.

Khaled, M. A. and A. Al Abaseiry (2003). Geoelectrical study on the
groundwater occurrence in Wadi El Newiya area — El Saff —
South Cairo — Egypt, Egyptian J. Desert Research, Vol. 89, p.
111-122.

National Academy of Sciences and National Academy of Engineering
(1972). Water Quality Criteria. Report Prepared by Committee
of Water Quality Criteria at Request of US. Environmental
Protection Agency, 594 p, Washington, D.C., U.S.A.

Piper, A. M. (1944). A graphic procedure in the geochemical interpretation
of water analyses. Trans. Am. Geophy. Union, Vol. 25- 6, p.
914 — 923, Washington, D. C., U.S.A.

Rainwater, F. H. and L. I. Thatcher (1960). In "Methods for collection and
analysis of water samples". U. S. Geol., Water Supply, 1454,
301 pp.

RIGW/IWACO (1998). Environmental Management of Groundwater
Resources (EMGR): Identification, priority setting and selection
of area for monitoring groundwater quality. Technical Report
TN/70.00067/ WQM/97/20, Res. Instit. For Groundwater
(RIGW), Egypt.

Said, R. (1962). “The geology of Egypt”. Elesvier, Amsterdam, 377 PP.

Said, R. (1975): Subsurface geology of Cairo area. Memoires deL. Inst.
d’Egypt, Tome soixante, le Cairo, 70 p.

Said, R. (1990). “The Geology of Egypt”. A. A. Balkema, pub. Comp.
Rotterdam,734p.

Egyptian J. Desert Res., 57, No.1 (2007)



GEOLOGY OF GROUNDWATER RESOURCES ............... 147

Said R. and S. Beheiri (1961). Quantitative geomorphology of the area to the
east of Cairo. Bull. Soc. Geogr. D’Egypt, Tome. 34, p. 125-150.

Sulin’s, V. A. (1948). Condition of Formation, Principles of Classification
and Constituents of Natural Waters. Particularly Water
Petroleum Accumulation. Leningrad Acad. Sci., Moscow,
U.S.S.R (In Russian).

U.S. Salinity Laboratory (1954). Diagnosis and Improvement of Saline and
Alkaline Soil. S.S. Dept. of Agriculture, Hand Book, No. 60,
160 pp.

World Health Organization “WHO” (1971). International standards for
drinking water. Geneva, World Health Organization, 70 pp.

Received: 25/12/2005
Accepted: 28/11/2006

Egyptian J. Desert Res., 57, No.1 (2007)



148 Ahmed F. Yousef

cuall Jlad il (ki o ol jilans YEPQATTEN
paa cagd pid ¢ jauall

s gy 3aaf (g 558 daal

nmn = 5l = iy plaall = ol jaall Sipny K pa - Linglgnl o

SN A A Aagh oa A sy se e Claa g R () Cuall ddkaie s o
GBS o gl il gal  padmill L o) R el g sl ¢ smnll Jdl A 5 jual
) agia D L Y prhad Al diliae Cuadie CI3 dgud ) g 5 Aay i Akl
e YA 5 Y. o o B Lealie Aa sha g Jill el (e 3T (Lalad) 5 GLEAY
gc\:\m_“j @uﬂ]‘ b pall slis (g (g2 (m]‘) G AN de il Leiy (a.n.u: glzm) Cgakall
Os—alall (B e 5a AYe (a5 Y dsa Gu o T ealie da sl cnll 5 O sl 3l
(e ol

=Ll Al AU Laa g Al 5ol dilaiey A gad) AN Gty Gaellas s
Ul AN L B Al e el 6 aal g 63 W) G AN U Al e Sl A aad s (g3
G gebo) O Al 0SS L suall aluey G54l BN sl A (e LS san Al
G 2y 5 Jaill el Baadlall Jay plll Jady Ll AN L ol o) AN Ll o 3
Ol (e 5a YAA G aaliae din gl 5t Y o Lea ol 3305 50 g 5y el
OAY L LGl G (DU Aalle sy bl 86 a Yofe ) il e (Rke olse)
Co Gl B 5l gahy L el Jedl (b ey Dy el g ) Jady Aild il
G Vet e dinsle i N Lad od Lae ¥ G 3a0 iy salally caall ¢ 5
(PR dadle olae) o salall 3 e 3a YO

e Y A bl s DA (e 05Sh CasY  JAN Bl
TS obe Aaslas (i senll Jeud) (e dadi yal S (g (5 sball i) A 2al 5y
cua b de 5 e bl 3R Cua (DL dalle ol) sl s 0T 5 YEY .
Oa Llle (535 5 Al dsdaiad (358 ¢ el sdaes Jan W1 Cpu WY O iy Leiy
& oal e ey 1385 L JLadll 6 sl 8 il de i ) ddlia) 4380 o pall (gl ol
ola) slall (B e m VYo en 5 (DLl Aadle olie) Gsalall (B g 3 TVO L o anliae da sl
(Al

4 gl olaall adans Lain cCinall de 5ol Tacle o ill dallia dyadaud) olpall alins (

sbaall aana (5 Al &all o il edl ABadlal Ll AN olus facle il Aalla ye
A e a5 sl Lein Jaaladdl 23S (5 ) dadla Ll o) JA0 ol s dpsdand)
ol dalla e ¥l AN Ui sle plaae W s plall Jeaii A Gpaladll

Egyptian J. Desert Res., 57, No.l (2007)



