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The present work aims to study the hydrogeological settings of the topmost
aquifers along the area lying West of Samalot (El-Minia Governorate). To
achieve this target, the field geomorphologic features, the geologic exposures and
structures are investigated. The subsurface successions are detected through the
collected data of the drilled wells from the rigs of the Arab Contracting drilling
Company (ECDC) during the field investigations. In addition, the archival data as
well drilling reports and well log charts from the office of this company. The
groundwater level in these wells and along the nearest eastern irrigation water
canal is recorded. Pumping and recovery tests are carried out on six wells. Thirty

three groundwater samples are collected and are subjected to chemical analysis.
The Middle Eocene (Samalot Formation) fractured limestone is the available
water bearing rocks in the investigated area. The maximum penetrated thickness
reaches 225 m. It occurs under free water table conditions. The geometry of the
aquifer is controlled by the fracture density, caving and fissuring. The depth to
water ranges between 109.43 m to the West and 14.30 m to the East. The
groundwater flows to the east and northeast towards Abo Edahab irrigation canal
which acts as a discharging area rather than recharging one. An annual drop in
water level occurs. It ranges between 0.5 m and 2.45 m. The aquifer
transmissivity ranges between 4394.9 m?/d and 3515.929 m?/d (high potentiality)
along the eastern parts. However, it ranges between 274.68 m’/d and 15.13 m%/d
(moderate potentiality) in the western parts. Most of the analyzed groundwater
samples are of sodium chloride and some of sodium sulphate water types. Some
recommendations are given in order to best use of the available groundwater
wells and the future exploration for new occurrences.

Introduction

Horizontal and vertical expansion of the new
communities and reclamation projects are the main
strategic targets of the Egyptian Government. The
exploration and evaluation of the water resources with
special emphasis to the groundwater in the desert
outskirts represent the backbone of these development
projects.

The area of study occupies a portion of the Western
desert fringes of Samalot (EI-Minia Governorate) (Fig.
1). It includes the western old Nile alluvial terraces and
the eastern part of the limestone plateau. It receives
some of the internal migration of inhabitants locking for
new lands for cultivation activities. The area of study
extends between longitudes 30° 20" and 30 ° 45" E , and
latitudes 28° 10" and 28° 30" N. El- Minia area is

* Corresponding author.
E-mail address: Dr_Ali.salem@yahoo.com

characterized by arid climate of warm winter and hot
summer. The annual mean rainfall intensity reaches
19.6mm.
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Fig. 1: The location of the area of study.
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Geomorphologic setting

The geomorphic units are given (Fig. 2) using the
topographic maps (scale: 1:50000), the geologic maps
and field investigations as follows:

1- The limestone plateau

The limestone plateau covers the western part of the
investigated area. It is bounded by a structural scarp. Its
surface slopes eastward with elevations range between
+175 m and +90 m (Fig. 3). It is structurally controlled
by step faults introducing the rift of the Nile basin.
Around Darb EIRouby road, the plateau surface is
interrupted by some structural isolated hills as Abu
Rouh (+180 m), Basalt Hill (+102 m) and Abu Sedhom
(+132 m). The western desert road (Cairo-Assuit) and
the sand dune strain cross the eastern portion of the
limestone plateau in N-S direction. The surface of the
plateau is dissected by some drainage lines which run
eastward. To the east of the sand dune strain, the
limestone plateau disappears beneath the old river
terraces and Recent Nile sediments.

2- Old alluvial plain (River terraces)

The old alluvial plain is a Transition zone between the
cultivated lands (recent flood plain) and the high lands
of the limestone plateau. The elevation of the old
alluvial plain ranges between 10 m and 25 m above the
recent flood plain. It is also covered by coarse sand and
gravel which is considered as quarrying areas.

3-Recent alluvial plain

It occupies the area between the old alluvial plain
eastward till the current Nile river channel. Its surface
slopes northward with elevations range between +25.5 m
and +26.5 m. It is also striated by the main irrigation
canals which flow northward (EI- Ebrahimiya and Bahr
Youssef) and their tributaries in different directions.
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Fig. 2: The geomorphologic units.
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Fig. 3: Topographic features profile (Digital elevation model).

Geologic setting

The geologic succession of the investigated area and its
vicinities are previously studied by many authors,
among them are; Said ™ Ezzat Bl Khalifa ™
Mansour and Philobbos !, Strougo !, EI Sayed !,
Abdel Aziz © and Abdel Baki ). The geologic setting
in the area of study is discussed as based on the previous
works, field investigations, geologic map ™ and the
subsurface geologic data of the drilled wells (Fig. 4).
The stratigraphic succession in the area of study is given
from older to younger as follows:

1- Eocene rocks

The Eocene rock units are the oldest exposed rocks in the
area (Fig. 5). Upon the positive structural elements, the
Eocene succession may be subjected to weathering and
erosion activities or deposited with low thickness so, it
thins in Nashfa uplift (95.4 m; Nashfa well) (Fig. 6), 4.
However, the Eocene rocks thicken along the negative
structures, where they deposited with high thickness and
have been preserved as in Abu Mahariq graben (534 m-
NB7-1 well). The thickness of the Eocene increases
towards the Nile rift .
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Fig. 4: Well location map of the area of study.

Locally, in the investigated area, the oldest exposed
Eocene rocks belong to the Samalot Formation. Samalot
section outcrops with thickness about 20 m and extends
in subsurface for about 225 m (records of penetrated
wells). The well logs of the drilled wells (Fig. 7) are
used to construct a correlation chart, which reveals that
the area is dissected by step faults towards the Nile rift.
These faults have throws range between 50 m and 35 m

Eastward (Fig. 8). Samalot Formation is composed of
soft, massive, cavernous and chalky limestone with shale
and sand intercalations. It is characterized by the
presence of Nummulite Gizahensis. It belongs to Middle
Eocene times 2.
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Fig. 5: Geological map of the area of study, After Conoco 2.
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Fig. 6: Geologic cross-section, Nashfa-Um EI Qusour (Modified after Joint Venture Qattara) .

Well (35) Well (14) Well (31)
| =
RE 5 Hso_ _ 'R.P_ L g Z [o _RES(64NL 0
ao_ . SP_w 18 b RESEN) ||, SP_n_z | 2 |_ RES(6N) —GAMMA 2 | ©
I — v o i ‘mj E—) 1 2003 B and, white,brown
‘N [m :“ E=ziohale,yellowish V 10 fp dium to coarse
Yo | aofm .- 2o brown 0 | some gravelly
:” 3@.ﬁﬁ hale black, o , !.lmestone,moderatly
= 1 pxrhard fissile \ - hard,cavernous
< < Shale black v
h 5L g LLh{7hard fissile L s
- FE 5 FZ3C ; [ Shale black;
N 04 g =8 g'g 9,% ~. enrxe hard fissile
. E's S a3sa ! s _
’ =2 3 > S 20 S S~ 53 3
,I 1164 E%«a ':E“BE '; T -808
- L, 9 < 100€rr - -
’ i a—“—i’,; o §s 2 3 ! '8 ‘% o
R4 w g = =0 o 1 1104 5 a >
> Q2 \go.Q ) '-ﬂ_l_ o
' EE Y B2 8 <o 120, =53
> s °8= $9 8 ! 'SE¢c
1 ot =5 Pl 1 130 td 33
v S _ T2 ® < ! x| v 23
- Ry e - - i 73 Vi ) 2E
= ___r - —:_3. : ‘Cbg;
N 206 1 - 16! - -

Fig. 7: Well logging charts of the drilled wells in the area of study (ECDC,2009).
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Fig. 8: NW-SE geologic cross section, the area of study.

2- Oligocene rocks

The Oligocene rocks in the investigated area occur in the
northeastern part as basaltic extrusions. These volcanic
extrusions are most probably of Oligocene age . The
Basalt rocks in the area of study are known as the
Tertiary volcanics . They are exposed in Darb
Elrouby (Basalt hill) with an elevation reaches about 20
m above the landscape.

3- Oligocene - Pleistocene rocks units

Oligocene -Pleistocene sediments are scattered covering
the low parts on the surface of the Eocene limestone. To
the west of longitude 30° 25° E, Oligocene - Pleistocene
sediments occur continuously covering the Eocene
limestone (Fig. 5). It is composed of calcareous gravels,
sands medium to coarse white to reddish, ferruginous.

2- Quaternary deposits

The Quaternary deposits overly the Eocene rocks with
unconformable plain on the low lands especially along
the far eastern and western parts. These sediments form
the Neo—Nile terraces . They are composed of graded
sands changed to calcareous gravels at top. More
eastward, these terraces are covered by the Holocene
Nile silty clay deposits which extend to the recent
current Nile river channel. Sand dunes and sand sheets
are stretched along the eastern parts of the area in the
form of longitudinal chains. They are composed of fine
yellow sands, sometimes calcareous.

Structurally, the area of study comprises a part of the
Nile basin which is mainly affected by the structural
setting of the Red Sea and the Gulf of Suez (NW-SE
trend). Abdel Baky ™), referred to the presence of water
bearing buried channels run through structural grabens
along (X-X’) profile of NW-SE trend immediately
adjacent to the western borders of the study area (Fig.
9). These buried channels extend northwestward along
Abu Mhareq depression and southward to intercept the
Nile River at south Assuit area. Also, he referred to
other water bearing buried channels along the profiles

J-J’, K-K’ and L-L’ of NE-SW and E-W trends (Fig. 10).
These grabens occupy the west and southwestern part of
the investigated area. Darb EIRouby road runs northwest
along highly disturbed area. It includes the remnants of
the faulted blocks which are dotted by the isolated hills
as Abu Rouh and Abu Sedhom. The volcanic extrusions
in Darb EIRouby seem to be contemporaneous with the
NW-SE fault system, which took place in late Oligocene
time 1. The NW-SE normal faults have throws range
between 50 m and 35 m to the East (Fig. 8). Also the
NE-SW and E-W normal faults occur. These fractured
networks represent good conduits for store and transmit
groundwater.
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Hydrogeological setting

ElI Minia area was previously subjected to
hydrogeological and hydrogeochemical studies by many
authors among them are; El Sayed !, IWACO/RIGW
31 Abou Heleika and Niesner ™ EI Kashouty ™!,
Shabana M¢*"). The previous works of these authors are
considered. The groundwater in the area of study is
exploited only from the Samalot fractured limestone
aquifer. Depending on the subsurface geologic data of
the drilled wells (Table 1), the measured groundwater
levels, the pumping tests data, the hydrogeological
conditions are discussed as follows:

1- Aquifer characteristics

The maximum thickness of Samalot fractured limestone
aquifer in west El Minia area reaches 534.9 m (NB7-1).
The bottom of the aquifer is the Paleocene shale (Fig.
6). In the area of study, the drilled wells tapping this
aquifer have depths range between 50 m and 225 m
(Table 1). The aquifer occurs under free water table
condition, where the water level in the wells occurs
under the top surface of the aquifer (Fig. 11). The
subsurface NW-SE and NE-SW water bearing buried
channels and its related fractured zones store and
transmit groundwater. Moreover, the field investigation
recorded partial and complete losses of the mud fluid
during the hydraulic rotary drilling of the water wells in
this aquifer. This attributes to the presence of subsurface
fractures and caves.
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Fig. 11: NE-SW geologic cross section, the area of study.

2- Groundwater flow

The groundwater levels in the area of study are
measured. The depth to water ranges between
109.43m.to the west and 14.30 m. to the east. There is

no surface recharging boundary occur at west of the area
of study. The subsurface NW-SE and NE-SW water
bearing buried channels and its related fractured zones
act as positive boundary. It may be the source of
recharge of the Samalot fractured limestone aquifer in
the area of study from the west. (Fig. 12) shows that the
groundwater flows to the east and northeast of the study
area. This situation means that Abo Edahab and Bahr
Youssef canals are acting as drains. Previously, El
Kashouty ™ revealed that the groundwater flows
towards the eastern part (due the Bahr Youssef and River
Nile), which are discharging areas rather than recharging
ones. The hydraulic gradient (I) along the water level
profile C-C’* (Fig. 13) increases from 0.25 m/1000 m to
0.71 m/1000 m, where the equipotential lines became
closely spaced (high gradient-I) towards the northeastern
areas, (Fig. 12). The equation of Darcy Q=KIA,
concerning the flow rate (Q) across a sectional area (A)
is proportional to the hydraulic conductivity (K) and the
hydraulic gradient (I). Accordingly, the flow rate (Q)
increases due northeastern areas, which are also
characterized by highly discharges.

The water levels in two wells (10 and 17) are measured
periodically every 6 months. The estimated annual drop
in water level increases eastward from 0.5 m to 2.45 m
(Fig. 14). The maximum drop (2.45 m) lies along
northeastern parts due to intensive discharges in order to
meet the demand of irrigation of the reclaimed land.
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Table 1: Field measurements of the drilled water wells, west Samalot, EI Minia Governorate, Egypt.
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Well . Grou_nd Depth to Water level Total Depth
Coordinates elevation
No. water/m m.a.s.l. m.
m.a.s.l.
1 N 28° 20" 46”7 E 30° 28" 427 97.15 56.69 40.46 120
2 N28° 21" 507 E 30° 28" 58" 98.48 58.33 40.15 200
3 N28° 20" 21”7 E 30° 29° 327 86.95 46.59 40.36 80
4 N 28° 20" 267 E 30° 30" 277 77.8 40.91 36.17 105
5 N28° 20" 17" E 30° 30" 30" 75.87 39.70 36.17 80
6 N28° 20" 167 E 30° 30" 437 75.09 38.84 36.21 100
7 N 28° 19" 48" E 30° 31" 10”7 72.88 36.12 36.76 104
8 N28° 19" 54”7 E 30° 32" 32" 66.69 30.52 36.17 110
9 N28° 19" 22" E 30° 33" 26" 60 23.87 36.13 75
10 N28° 19" 18" E 30° 33" 51”7 57.35 20.45 36.9 100
11 N28° 19" 527 E 30° 33" 30" 59.28 22.68 36.56 105
12 N 28° 18" 50" E 30° 29" 35" 86.29 46.00 40.29 120
13 N 28° 17" 54~ E 30° 29° 317 94.92 54.41 40.41 225
14 N28° 17" 18" E 30° 29° 36" 91.2 50.71 40.49 225
15 N28° 17" 06” E 30° 30" 49" 92.49 52.13 40.36 140
16 N28° 16" 417 E 30° 317 02" 86.69 45.81 40.88 145
17 N28° 15" 41”7 E 30° 31" 47" 76.81 36.50 40.31 150
18 N28° 15" 16" E 30° 30" 03" 91.66 50.685 40.345 120
19 N 28° 14" 08" E 30° 30" 47" 97.54 57.295 40.245 125
20 N 28° 13" 48" E 30° 317 06” 92.89 52.66 40.23 110
21 N 28° 13" 25" E 30° 31" 41”7 91.70 51.64 40.06 115
22 N28° 117 20" E 30° 30" 39” 108.27 68.49 39.78 150
23 N28° 127 03" E 30° 317 40”7 96.38 56.48 39.9 90
24 N 28° 14" 55" E 30° 327 55" 74.88 34.685 40.195 100
25 N28° 127 077 E 30° 22" 24" 150.33 109.43 41 170
26 N28° 12" 38" E 30° 28 05" 121.04 80.62 40.42 70
27 N28° 12" 38" E 30° 28" 05" 111.75 71.655 40.095 110
28 N28° 16" 07" E 30° 33" 49" 62.02 21.81 40.21 60
29 N 28° 16" 40" E 30° 33" 45" 62.82 22.55 40.27 75
30 N 28° 17" 03" E 30° 33" 27" 62.94 22.70 40.24 70
31 N 28° 15" 48" E 30° 34" 03" 60.31 20.30 40.01 215
32 N 28° 18" 26" E 30° 25" 56" 54,58 14.30 40.28 50
33 N28° 17" 42" E 30° 35 16" 117.4 76.6 40.8 205
34 N28° 18 59" E30° 39 12~ AboEdahab canal hydrometer 36
(North)
35 N28° 117 207 E30° 39 127 Abo Edahab canal hydrometer 38.25
(South)

3- Aquifer hydraulic parameters

Six pumping and

recovery

tests with constant

levels cannot be available except only in two wells (16

and 18). Greene et al ™! applied the dual-porosity

[18

discharging rate are operated. These tested wells cover
most of the investigated area. During the pumping tests
times, it is easy to pull down the water level measuring
electrode, so the drawdown levels in all these tests are
recorded along the pumped well. However, during the
recovery times, it is difficult to pull up water level
measuring electrode, thus the measuring of recovery

solution to obtain the parameters of the Madison
limestone aquifer. Using the same drawdown data,
Kresic (19) revealed that a simple solution of Cooper-
Jacob (20) for both the early and the late pumping test
drawdown data of the Madison limestone aquifer give
values of transmissivity and storativity similar to the
dual-porosity solution of Greene et al ¥, Shabana !
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applied the solution of Cooper-Jacob straight line *”! to
determine the parameters of the Samalot fractured
limestone aquifer in Wadi Tarfa east EI Minia area.
Herein, the author applies the solution of Cooper-Jacob
straight line % to estimate approximately the values of
aquifer parameters. The records of pumping and
recovery tests are graphically represented (Fig. 15).
Some pumping and recovery curves show two segments
reflecting the nature of the fractured and Karast aquifers
which are having variable permeability. In this case, the
slope of the straight line decreases to give another
segment as in wells Nos. (16, 18 and 33). The other
curves show one segment indicting the recharging from
one single fracture as in wells Nos. 84, 22 and 25). The
equation of Cooper and Jacob ™! is used for the
estimation of transmissivity values during pumping (Tp)
and recovery (Tr); = % , Where Q is the constant
discharge; AS is the drawdown per one log cycle. The
calculated (T? values are introduced in (Table 2).
Gheorghe 1 classified the aquifer potentiality
according to the values of transmissivity (Table 3).
Figure 16 shows the distribution of the transmissivity
(T) along the area of study, where the high potentiality
values (4394.9 m’/d-3515.929 m?/d) exist along the
eastern highly dissected area. While the moderate and
low potentiality (274.68 m?/d-15.13 m?/d) present in the
western low fracture density parts.

To estimate a real value of the specific yield, the records
of water levels during the test have to be measured along
the observation well. The present pumping tests were
observed and recorded along the discharged wells.
Therefore, the effective radius of the test well cannot be
determined 2 and the specific yield cannot be obtained.
On other wards, the recovery curves may be used to give
the percent of specific yield during pumping and

recovery according to the formula; log (t/t)e= s/s' ¥,

Where, (t/t)o: is the value of (t/t') at zero residual
drawdown, S: specific yield during pumping, S": specific
yield during recovery. The calculated value of log (t/t")o
is equal log 10=1 in the areas of well (Nos.16 - 18). So,
s/s'=1, indicating the same value of storage during
pumping and recovery of the same well.
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Fig. 14: Annual drop in groundwater level.

4- Well efficiency

Two step pumping tests with three changeable
discharging rates are carried out on two wells (Nos. 22 -
33). Every test extends for three steps (Table 4). The
time-drawdown records are graphically represented (Fig.
17) in order to estimate the following:

A- The coefficient of losses in drawdown due to well
screen, pumping component and  well
development (well loss - C).

B- The coefficient of losses in drawdown due to
aquifer formation nature (formation loss- B).

C- Prediction of the total drawdown in the water
level in the well during pumping in case of any
future increase or change in discharging rate.

D- Well efficiency.

Table 2: Aquifer parameters estimated from pumping and recovery tests for selected drilled groundwater wells, the

area of study.

Constant pumping rate Q m3/ day

E Step drawdown tests m3/day

E Transmissivity T( m2/day)

£ Pumping Tp (m2/day| Recovery Tr (m2/day) well losses (C) d 2/m 8 Formation losses (B) d/m 2| yvell efficiency ©
a 4394.9

16 2043.63 2062.63

18 1318.47 1341.5

22 3515.92 8 (1057 1.2 (1054 78

25 15.13

33 274.68 9 (10) 4 63 (10)3 -7

Table 3: Classification of aquifer potentiality %,

Aquifer potentiality

Transmissivity ( T ) m2/day

Negligable potentiality

Less than 5

Very low potentiality 0.5-5
Low potentiality 5-50
Moderate potentiality 50-500
High potentiality Over 500
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Fig. 15: Constant discharge pumping and recovery tests curves.

Applying Walton ¥ equation; S = BQ + CQ where,

S: the total drawdown in the well during pumping (m).
Q: the rate of discharge during pumping (m*/h).

C: the coefficient of well losses (d/m?).

B: The coefficient of formation losses (d%/m°).

The fractured aquifers resemble the anisotropic granular
ones because of the fracture density is not always well
distributed. Also, the drilled wells partially penetrate the
aquifer. In such cases, use of total screen or open well
bore length as a substitute for total aquifer thickness will
give reasonably reliable results, #2.

The calculated value of the coefficients of well loss (C)
and formation loss (B) in the screened well (No. 33), is
more than that in the open hole well (No. 22) (Table 2).
Rorabaugh ! defined the well efficiency as the ratio of
the well loss (BQ) to the drawdown inside the well (s).
The efficiency of a well depends upon the construction
features of the well, the pumping rate, development of
the well and the hydrogeological characteristics of the
aquifer. The efficiency of a well is governed largely by
the magnitude of well loss % The estimated well
efficiency values (Table 2) have no marked difference in
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Table 4: Records of step drawdown tests, wells no. 22 and 33, the area of study.

Discharge Drawdown (S Specificic Drawdown
Well No. | Step No. m3/%1 @ (m) ©) P S/Q d/m?
1 744 0.05 0.67 (10)™
22 2 1680 0.22 1.34 (10)*
3 1920 0.30 1.54 (10)*
1 408 28.30 69 (10)°
33 2 504 38.20 76 (10)°
3 600 48.25 81 (10)*°

the well efficiency of the unscreened well no. 22 and
screened well no. 33. The efficiency of a well in an
aquifer having a high transmissibility is affected by well
loss to a greater degree than the efficiency of a well in an
aquifer having a low transmissibility *). Accordingly,
the calculated efficiency of the screened well (No. 33) is
not largely affected by well loss (C) because of the low
transmissivity value in the area of the well. Due to
absence of a screen having a greater per cent of open
area with respect to the total surface area of the screen
cylinder and a sufficient development for the drilled
wells in the fractured limestone aquifer in the study area,
it is preferred to let the productive wells as open holes
without screens to avoid the effects of well losses (c).
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Fig. 16: Transmissivity isolines map, Samalot Formation
aquifer, .the area of study.

Hydrochemical aspects

The chemical characteristics of the groundwater are

determined through the chemical analysis of 33 water

samples according to Hem ! (Table 5). The results are

discussed as follows:

1-The ionic dominance of all samples is
Na">Mg**>Ca*¥/CI'>HCO;>S0, of sodium chloride
water type. However, samples No’s (7 - 9) have the
order Na*>Mg**>Ca*?/S0,*>CI>HCO; with sodium
sulphate water type. The presence of NaCl and
Na,SO, water types refer to the leaching from the
marine carbonate and gypseferous shale.

N
)

Todd ! classified the total salinity of natural water
into four main categories; 0- 1000 mg/L fresh water;
1000-10000 mg/L brackish water; 10000-1000000
mg/L Saline water and more than 100000 mg/L brine.
About 50% of the water samples show fresh water
type, and 50% are brackish water type. The fractured
limestone aquifer in the western River Nile between
Beni Suef and EI Minia is mainly recharged by the
surrounding aquifers and agricultural waste water ™!,
El-Sayed M attributed the higher values of water
salinity in southwest Samalut locality to over-
pumping activity through reclamation projects.
Shabana ™" attributed the high salinity in Samalot
fractured limestone aquifer east EI Minia to the
infiltration of return flow after irrigation through
shallow depths to the groundwater. In the area of
study, the salinity increases Eastward (Fig. 18). This
coincides with the flow trends. The use of flood

Well No. ( 22 )
Step drawdon curves
C=0.8x 107 d2/m> g
B=1.2x10* d/m?

e

e

S/Q(dm2) x 104

0 500

Q (mafd) "

Well No. (33)
Step drawdown curves
C=0.9x 10*d2/m°>
B=63x103d/m?

S/Q(d/m?) x 103

Q (m3d)

Fig. 17: Step drawdown tests, Changeable drawdown curve,
the area of study.
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irrigation system along the eastern parts creates
return flow, which leaches the fertilizers and soil
minerals into the aquifer through the fractures to the

groundwater.
il
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Fig. 18: Isosalinity contour map of the area of study.

Table 5: Chemical analyses data of water samples.

Evaluation of groundwater for livestock.

Makee and Wolf ! set the upper limit of the water
concentration for livestock as follows: Poultry (2860
mg/l); horses (6435 mg/l); Dairy cattle (7105 mg/l); beef
cattle (10100 mg/l) and adult sheep (219000 mg/l).
According to these limits, all the groundwater samples
are suitable for livestock.

Suitability of groundwater for irrigation purposes.
The proposed approach by the United States Salinity
Laboratory Staff of agriculture ' is used for
determining the suitability of groundwater for irrigation
purposes. The diagram is based on the sodium adsorption
ratio (SAR) and electrical conductivity (EC) of water
(Fig. 19). The results indicate that all water samples lie
within classes range between good and intermediate
except the sample of well no. 30 lies in the bad one. The
water is suitable for agricultural use with certain
conditions (Table 6). It can be wused with soil
management and modern irrigation systems (drip and/or
shower) under the restricted drainage. The modern
irrigation systems are recommended in these areas to
safe water and soil.

wen |[ECQ) [ pH | TDS jUnits| - . . | sum ) ) ) | sum | sAR
o u,/\geylos - ca” | Mg® | Na' | K| oo |00 [HEOs | so | er | i | SR
1 | 2880 | 7.8 |1786.33| mg/l | 5331 | 69.19 | 46320 | 96.52 | 30.96 |60.01 | 91.52 | 264.17 | 764.18 | 3055 |9.856693
2 | 3850 | 7.6 | 228530 mg/l | 83.37 | 121.47 | 519.09 | 12505 | 39.92 |15.00 | 109.82 | 19549 | 1170.92| 39.39 |8.485322
3 | 2440 | 74 |1589.47| mg/l | 56.71 | 44.99 | 413.98 | 7620 | 2648 |15.00 | 183.04 | 25312 | 637.94 | 26.76 |9.961642
4 | 1307 | 7.1 |1212.78 | mg/l | 79.96 | 3563 | 280.13| 6331 | 20.72 |18.00 | 231.85 | 232.95 | 386.88 | 20.16 |6548009
5 | 1686 | 7.3 |1347.14| mg/l | 50.10 | 4256 | 321.99 | 69.56 | 21.78 |30.00 | 122.03 | 381.84 | 39007 | 21.95 |8.082904
6 | 1495 | 7.2 |1208.92| mg/l | 40.08 | 38.91 | 284.04 | 6956 | 19.33 |15.00 | 122.03 | 323.73 | 37660 | 19.86 |7.659145
7 | 1285 | 71 |1222.75| mg/l | 59.92 | 5022 | 242.41 | 6331 | 1928 |18.00 | 21354 | 46013 | 22199 | 19.94 |5586189
8 | 2290 | 7.4 |1447.06| mg/l | 53.31 | 47.79 | 344.99 | 76.20 | 2354 |30.00 | 152,53 | 360.71 | 457.80 | 23.92 |8.263491
9 | 1875 | 7.3 |1371.12| mg/l | 53.31 | 53.38 | 274.61 | 118.01| 22.01 |60.01 | 183.04|436.60 | 283.69 | 22.09 |6.359526
10 | 1046 | 7 |1059.02| mg/l | 100.00 | 4657 | 100.28 | 12544 | 16.39 |30.00 | 122.03 | 460.61 | 13511 | 1640 | 2.07619
11 | 1219 | 7 |1037.26| mg/l | 89.98 | 58.37 | 15156 | 64.87 | 17.54 | 1500 |244.05|287.22 | 24823 | 17.48 |3.057684
12 | 2520 | 7.5 |1536.91| mg/l | 73.35 | 77.33 | 35442 | 43.77 | 2655 |30.00 | 146.43 | 292.99 | 591.84 | 2619 | 6.88468
13 | 1257 | 7.3 | 938.14 | mg/l | 50.10 | 54.72 | 18560 | 50.80 | 16.37 |15.00 | 256.25 | 182.52 | 27128 | 1615 |4.313596
14 | 1229 | 7.3 | 73507 | mg/l | 30.06 | 45.36 | 137.99 | 63.31 | 12.85 |30.00|122.03| 96.06 | 271.28 | 12.65 |3.710354
15 | 1271 | 7.1 | 86857 | mg/l | 50.10 | 52.65 | 15662 | 57.05 | 1510 |30.00 | 21354 | 14409 | 27128 | 15.15 |3.685121
16 | 1271 | 7.1 | 896.28 | mg/l | 43.29 | 46.21 | 183.99 | 57.05 | 1542 |24.00 | 207.44 | 179.15 | 25887 | 1523 |4.634276
17 | 1401 | 7.3 | 89461 | mg/l | 43.29 | 48.15 | 182.84 | 50.80 | 1537 |30.00 | 183.04 | 15226 | 29574 | 1551 | 4544713
18 | 1327 | 7.2 | 936.02 | mg/l | 59.92 | 48.15 | 17410 | 63.31 | 16.14 |30.00 | 21354 | 13497 | 318.79 | 16.30 |4.060864
19 | 1467 | 7.2 |1014.44| mg/l | 33.27 | 46.57 | 229.99 | 69.56 | 17.27 |18.00 | 262.36 | 177.71 | 308.16 | 17.29 |6.035716
20 | 1317 | 7.1 | 86264 | mg/l | 33.27 | 5265 | 177.09 | 57.05 | 1515 |30.00 | 244.05 | 144.00 | 24645 | 1495 |4.449306
21 | 1283 | 7 | 896.74 | mg/l | 33.27 | 4450 | 19411 | 57.05 | 1522 |15.00 | 27456 | 169.07 | 24645 | 1547 |5.174896
22 | 1183 | 7 | 79443 | mg/l | 36.67 | 41.71 | 16260 | 50.80 | 13.63 |30.00 | 158.63 | 109.99 | 28333 | 13.88 |4.359549
23 | 1505 | 7.4 | 94145 | mg/l | 56.71 | 61.16 | 174.10 | 57.05 | 16.89 |15.00 | 25625 | 128.72 | 32057 | 1642 | 3.81856
24 | 1205 | 7.1 | 84421 | mg/l | 40.08 | 38.91 | 16260 | 76.20 | 1422 | 1500 | 219.65 | 155.14 | 24645 | 1428 |4.384628
25 | 1215 | 7.15 | 851.26 | mg/l | 36.67 | 51.80 | 17111 | 50.80 | 14.83 | 1500 | 19524 | 121.52 | 306.74 | 1488 |4.263628
26 | 1255 | 7.1 | 90127 | mg/l | 50.10 | 52.65 | 162.60 | 63.3L | 1552 |15.00 | 27456 | 173.87 | 24645 | 1557 |3.825816
27 | 1831 | 7.4 |1053.47| mg/l | 50.10 | 48.64 | 23045 | 63.31 | 18.14 |21.00 | 201.34 | 13256 | 406.74 | 18.23 | 5558096
28 | 4730 | 7.9 |2301.46| mg/l | 96.59 | 98.01 |574.98 | 78.94 | 39.90 |15.00 | 207.44 | 16330 | 1170.92| 4032 | 9.85138
20 | 3020 | 7.7 |1844.88| mg/l | 69.94 | 47.79 | 47355 | 82.84 | 3013 |15.00 | 244.05 | 44188 | 591.84 | 3039 | 10.6898
30 | 4680 | 7.8 |2973.93 | mg/l | 116.63 | 105.30 | 757.82 | 10160 | 50.03 | 15.00 | 109.82 | 528.34 | 120433 | 49.80 |12.24577
31 | 1535 | 7.3 | 113842 | mg/l | 66.73 | 54.72 | 233.21 | 39.08 | 18.97 |15.00 | 213.54 | 339.58 | 283.33 | 19.06 |5.124743
32 | 1519 | 7.2 |1108.73| mg/l | 66.73 | 57.76 | 224.01 | 30.48 | 18.60 |15.00 | 21354 |336.70 | 271.28 | 18.66 |4.845831
33 | 1756 | 7.4 | 99472 | mg/l | 63.33 | 73.60 | 16536 | 57.44 | 17.88 |30.00 | 274.56 | 159.46 | 308.16 | 17.51 |3.348717

Date of sampling: 8/2015

Date of analyses: 9/2015
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Table 6: Classification and description of conductivity and sodium

a- Conductivity classification (C) and description.

C degree

Description

C1 | Lo salinity water Good

C2 | Moderate to saline water

Good for soils of medium permeability for most plants.

C3 | Medium to high saline water

Satisfactory for plants having moderate salt tolerance, on soils of
moderate permeability with leaching.

C4 | High saline water

Satisfactory for salt tolerant crops on soils of good permeability with
special leaching

C5 | Excessive saline water

Not fit for irrigation

b- Sodiumy classification (S) and description.

S degree

Description

S1 Low sodium water Good

S2 Medium sodium water

Good for coarse grained permeability soils unsatisfactory for highly
clayey soils with low leaching.

S3 | High sodium water

Suitable only with good drainage, high leaching and organic matter
addition, some chemical additives.

S4 | Very high sodium water

Unsatisfactory.
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Fig. 19: Groundwater classification for irrigation according
to 19,

Conclusion

West Samalot area occupies a part of the desert fringes.
The western desert road (Cairo-Assuit) runs upon the
eastern parts of the area of study. It is covered by the
Middle Eocene carbonate rocks (Samalot Formation).
The low lands are covered by Oligocene - Pleistocene
sand and gravels as well as some Oligocene Basaltic
extrusions. The area of study is mainly affected by the
structural setting of the Red Sea and the Gulf of Suez.
The dominated faults reflect the NW-SE trend with
throws range between 50 m and 35 m to the East. The
NE-SW and E-W normal faults occur.

The Samalot fractured limestone represents the available
water bearing rocks in west Samalot area. The maximum
penetrated thickness in the area of study reaches 225 m.
It occurs under free water table condition. The geometry
of the aquifer is controlled by the fracture density, caves

and fissures, which store and transmit the groundwater.
The depth to water ranges between 109.43 m to the west
and 14.3 m to the east. The western subsurface water
bearing buried channels may be responsible for the
recharging flow to the east, towards the area of study.
The groundwater flows to the east and northeast due Abo
Edahab and Bahr Youssef canals, which act as drains.
The study area will suffer from water depletion, where
the annual drop in water level ranges between 0.5 m and
2.45 m. The higher transmissivity values (4394.9 m%d-
3515.929 m%d) exist along the eastern highly dissected
area. While the lowest values (274.68 m?/d-15.13 m%d)
occur in the western parts. The salinity increases due east
coinciding with the direction of flow. It ranges between
735.7 ppm and1844.88 ppm except three samples, which
affected by returned flow processes, have a maximum
value 2973.93 ppm. Most of the water samples are of
sodium chloride and some are of sodium sulphate water
type. All water samples suitable for agricultural and
livestock uses.

Recommendations

1- The reclamation activities must be directed to the
most eastern and southern parts in the area of study
because they have high groundwater potentiality and
low depth to water (low drilling coast).

2- The flood irrigation system is not suitable because it
causes the increase of aquifer salinity through the
returned flow, consumption a lot of water, drop in
groundwater level and future water depletion.

3- The percussion drilling is preferred than the hydraulic
rotary for groundwater wells to avoid the filling of
the fissures and cracks with drilling mud fluid and
then the decreasing of the porosity and permeability.

4- The western parts of the investigated area need a
future geophysical exploration studies to follow the
subsurface water bearing buried channels.

5- It is preferred to let the drilled wells as open well
bore (self-support) without screens to minimize the
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drawdown in groundwater level inside the well
during the discharge (well losses C).

6- The appreciation of the factors affecting well
efficiency can thus lead to savings in construction
and operating costs.
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