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Abstract:

Egypt is facing increasing water demand by the rapidly growing population,
increased urbanizations, higher standards of living and the agricultural policy
which emphasizes expanding crop production in order to feed the growing popu-
lation. The Western Desert of Egypt is considered as important area for expan-
sion depending on the groundwater resources. The groundwater needs more stud-
ies regarding its quantity, quality and sustainability for irrigation and drinking
purposes. The Nubian sandstone aquifer system (NSAS) is considered as one of
the most significant and potable groundwater basins in the world; it is the only
water resource for most of the areas sharing its valuable reserve. It extends over a
vast area in Egypt, Libya, Sudan and Chad. The area occupied by the aquifer ex-
tends between lat 15° and 25° N and long 20° and 35 °© E. The area of the Nubian
aquifer system of Eastern Sahara is about 2.35 millions km®. It encompasses
some 850000 km® in Egypt (670000 km® in Western Desert, including the area
known as Wadi Elgidid (New Valley) CEDARE (2000) and Sefelnasr (2007).
The current study aims to evaluate the groundwater potentiality and suitability
for drinking and irrigation in the New Valley, Western Desert, Egypt. This
evaluation includes analysis for the cations: Na“, K" Ca™ and Mg and the ani-
ons: CI, HCO;™ and SO,*, soluble heavy metals (Fe and Mn). Values of pH, TDS
and EC of the groundwater samples in El Kharga and El Dakhla Oases were de-
termined. The results were compared with the standards such as: Egyptian stan-
dard (2007), WHO (2006) and FAO standard (1980). Result concluded that solu-
ble iron is the major problem for drinking water, since only 2.4% of the studied
samples were in the safe limits for drinking. 42.8% of the studied samples are in
the safe limits for the modern irrigation systems. Dealing with manganese, 89.8%
of the studied wells were in the safe limits for drinking and there is no problem in
irrigation. The soluble salts in the groundwater were at the safe level for drinking
and irrigation.
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Introduction:

Egypt is facing increasing water
demand by the rapidly growing popu-
lation, increased urbanizations, higher
standards of living and the agricul-
tural policy which emphasizes ex-
panding crop production in order to
feed the growing population. The
Western Desert of Egypt is consid-
ered as important area for expansion
depending on the groundwater re-
sources. The groundwater needs more
studies regarding its quantity, quality
and sustainability for irrigation and
drinking purposes. The Nubian sand-
stone aquifer system (NSAS) is con-
sidered as one of the most significant
and potable groundwater basins in the
world; it is the only water resource
for most of the areas sharing its valu-
able reserve. It extends over a vast
area in Egypt, Libya, Sudan and
Chad. The area occupied by the aqui-
fer extends between lat 15° and 25° N
and long 20° and 35 ° E. The area of
the Nubian aquifer system of Eastern
Sahara is about 2.35 millions km®. It
encompasses some 850000 km® in
Egypt (670000 km® in Western De-
sert, including the area known as
Wadi Elgidid (New Valley).

Location of study area:

The New Valley is bounded by
Lat. 24° 32' 44", to 25° 37' N and
Long. 27° 10' 24" to 29°, 00' 00" E,
located on the south western part of
Egypt (Figure 1), shares the
international borders with Libya to
the west and Sudan to the south. It is
divided into 5 counties (markazs)
which comprise 5 cities, 37 local
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units and 164 villages. The area of
the New  Valley is  about
440,098 km®, equivalent to 44% of
the total area of Egyptand about
66% of the area of Western Sahara. It
includes El Kharga, Baris, El Dakhla,
Gharb Elmohoub, Abo Mongar and
El Farafra Oasis.

The results of the census in
1996 that the population had reached
141,774 people, and the rate
of population growth was 2.3%. In
2010, the population density on the
total area is 0.5 per one km® and on
the inhabited area of 166 inhabitants
per 1 km®. The present study deals
mainly with the El Kharga and El
Dakhla Oases which are considered
the major Oases in the New Valley
governorate (Figure 2). El Kharga
Oasis 1s located about 230 km South-
West of Assiut occupying about
86223 km® with the population
reached 80173 persons (2010). El
Dakhla Oasis is located about 190 km
west of El Kharga Oasis. The area of
El Dakhla is about 120438 km® with
population number of 81981 persons.
El Dakhla Oasis was subdivided re-
cently to El Dakhla and Balaat.
Objectives:

The main objective of present
study is:

1- Evaluation the groundwater
potentiality and suitability for drink-
ing and irrigation in the New Valley,
Western Desert, Egypt. The evalua-
tion includes groundwater wells (Fig-
ures 3 and 4) in El Kharga (37 stud-
ied wells) and El Dakhla Oases (154
studied wells).
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Fig. (1): Map of Egypt showing the location of the studied areas
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Fig. (3): Studied wells in El Kharga Oasis Fig. (4): Studied wells in El Dakhla Oasis

115

Fig. (2): Satellite image of the New Valley Governorate
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Materials and Methods:
The work is subdivided into:

1. Collecting groundwater data in
El Dakhla and El Kharga Oases from
the Ministry of Irrigation.

2. Analyzing the data to evaluate
the groundwater potentiality and suit-
ability for drinking and irrigation in
the New Valley. This evaluation in-
cludes analysis for cations: Na', K,
Ca™ and Mg and anions: CI,
HCO; and SO4” and soluble heavy
metals (Fe and Mn) and related fac-
tors (pH, TDS and EC) of the
groundwater samples in El Kharga
and El Dakhla Oases.

3. Producing graphical presenta-
tion maps for major cations, anions,
soluble heavy metals and related of
the groundwater samples in El
Kharga and El Dakhla Oases by using
SURFER 9 software.

4. Comparing the results with the
standards such as: Egyptian standard
(2007), WHO (2006) and FAO stan-
dard (1980).

Results and Discussion:
1. Iron in the studied groundwater
wells:

The studied groundwater sam-

ples from the El Dakhla and EIl
Kharga are characterized by high
soluble iron concentration. The fre-
quency of iron concentrations in 379
groundwater samples is presented in
Table (1). Considering suitability of
the groundwater for drinking accord-
ing to WHO (2006) and Egyptian
limit (2007), it was found that only
2.4 % of the groundwater wells are in
the permissible limit and only 17.2 %
of the wells are suitable according to
the Egyptian limit (1995) (< 0.3 - 1
ppm) and 82.8% are over the accept-
able limit. Therefore, groundwater
treatment for drinking is a vital issue.
Also, utilizing this groundwater for
sprinkler or trickle or drip irrigation
methods is questionable, since more
than 3 ppm soluble iron in the
groundwater is harmful for the sys-
tems (Gameh, 2001). Only 42.8 % of
the groundwater wells are at the safe
limit, while 23.5% are in medium
hazardous range, 28.2 % are highly
hazardous and 5.5 % are very highly
hazardous. Using this groundwater
for irrigation needs especial treatment
before being pumped in the irrigation
system.

Table (1): Frequency of iron concentration in the investigated groundwater wells

Iron (ppm) 0.3 1 2 3 4 5 6 7 8 9 [ 10| 11 [13] 16 | 26 |total
Number of wells 9 | 56 | 51 | 46 |26 33|30 52 | 45 |10 4] 7 |8 1 1 379
% Frequency of wells| 2.4 | 14.8 | 13.5]12.1 169 87|79 |13.7[11.9]2.6]1.1 |18 ]2.1] 04 | 0.4 100
Suitability for
Drinking% 17.2 82.8 100
(1995)
Suitability for
Drinking% 2.4 97.6 100
(2007)
*Suitability for 42.8 23.5 28.2 5.5 100
Irrigation% Safe Medium hazard | Highly hazard Very highly hazard

*(Gameh, 2001)

116




2554

2530

Assiut J. Agric. Sci., (45) No. (2) 2014 (113-124) (Special Issue)
(The 7" Conference of Young Scientists) Fac. of Agric. Assiut University April, 28, 2014.

The obtained kriged contour
maps of iron and depth distribution
show that iron concentration of the
154 studied groundwater wells in El
Dakhla was higher than the iron con-
centration of 34 groundwater wells in
El Kharga Oasis (Figures 5-8). The
iron in El Kharga contour map varied
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Fig. (5): A kriged contour map showing the iron con-
centrations of the groundwater in El Kharga Oasis
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Fig. (7): A kriged contour map showing the iron concen- Fig. (8): A kriged contour map showing the depth of the

trations of the groundwater in El Dakhla Oasis.

Fig. (6): A kriged contour map showing the depth of the
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between 0.4 to 7.5 ppm in Monerai,
El Agouz and Baris 24/56 at the same
respect of 0.5 ppm with surface dis-
tance. However, in Dakhla Oasis the
iron varied between 1 and 13.2 ppm
in El Khasar, El Elstawady and Ba-
laat 44/5 with 1 ppm surface distance.
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2. pH of the studied groundwater
wells:

The pH of the groundwater in
the New Valley is characterized by a
wide range of 5.4 — 8.8. The fre-
quency of pH in 394 groundwater
samples is presented in Table 2. Con-
ceding suitability of the groundwater
for drinking, there are 70.1 % of the
groundwater wells in the permitted
range (7- 8.5) according to the Egyp-
tian limits, 1995 and 29.9% of wells
are in maximum permitted range (6.5

— 9.2). However, the Egyptian per-
mitted range is very wide therefore
the pH of the groundwater is not a
problem for drinking, but the pH af-
fects the solubility of iron since they
are negatively correlated (R= - 0.76).
Utilizing this groundwater of low pH
with high soluble iron in sprinkler ir-
rigation systems cause corrosion for
the metallic pipes (O'Connor, 1971,
Hem, 1989, Chapelle, 1993, Davis,
1997 and Gameh, 2001).

Table: (2) Frequency of pH values in the groundwater of the New Valley

pH 54 |58 |6 6.2 |64 |66 |68 |7 72 |74 7.6 |7.8 |8 |8.5 |8.8 total
No of wells |3 6 3 7 16 (37 |40 44 43 61 55 |45 8 [20 |6 BY%4
% 0.76 |1.5 |0.76 |1.8 [4.1 |94 |10.2 |11.2 |10.9 |15.5 |14 |114 |2 |5.1 [1.5 [100
Suitability for 284 70.1 1.5 [100
drinking %
Suitability for 2.3 96.2 1.5 [100
irrigation%

The kriged contour maps of the
pH values distribution show that the
studied groundwater wells in Dakhla
is more basic than the groundwater
wells in Kharga Oasis (Figures 9 and
10). The pH in Kharga surface map
varies between 6.2 to 7.8 in Kharga
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Fig. (9): A kriged contour map showing the pH values
of the groundwater in El Kharga Oasis
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41 and Elsherka 18/R6 at the same
respect with 0.2 surface distances.
However in Dakhla Oasis, the pH
varies between 6.4 to 8.8 ppm in El
Kaser 2 and Gharb El Maohoub with
0.2 surface distances.

B A

58 P

I v T T T T T T
wy B ne BE OBH OB B owp  ng

Fig. (10): A kriged contour map showing the pH values
of the groundwater in Dakhla Oasis
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3. TDS of the studied groundwater
wells:

The TDS of the groundwater in
the New Valley indicates by low total
dissolved salts (TDS). The frequency
of TDS in 252 groundwater samples
is presented in Table 3. Considering
suitability of the groundwater for
drinking, 96.5 % of the groundwater
wells are in the permitted range ac-
cording to the USA, WHO and the
minimum Egyptian limits, 1995 (500

ppm) and 3.5 % of the wells are in
the maximum permitted range of
1000 ppm according to the Egyptian
limits, 2007. However, the Egyptian
permitted range is very wide there-
fore the TDS of the groundwater is
not a problem for either drinking or
irrigation.  Almost  93% of the
groundwater has no restriction for ir-
rigation and only 6.7 % has slight to
moderate restriction according to
FAO.

Table (3): Frequency of average of TDS values in the groundwater of the

New Valley
TDS ppm 50 | 100 | 150 | 200 | 300 | 400 | 450 500 | 550 600 | 650 | 1200 |total
No of wells 1 3 92 60 29 37 |13 | 8 4 3 2 none |252
Y% 04 | 1.2 36.5 | 23.8 | 115 147 |52 |32 |[1.6 1.2 (079 0 (100
* Suitability for 96.5" 3.5" 100
drinking %
¢ Suitability for 93.3 6.7 100
irrigation% no restriction slight to moderate restriction

* USA, WHO and Egyptian limits for drinking water 1995 and 2007, ® Egyptian Maximum limit for drinking water,

¢ FAO limits for irrigation water 1974.

The kriged contour maps of
TDS distribution shows that the stud-
ied groundwater wells in Dakhla con-
tain total dissolved solids more than
the groundwater wells in Kharga Oa-
sis (Figures 11 and 12). The TDS in
Kharga surface map varied between

200 to 630 ppm in Genah 4/2 and
Bulaq 25 at the same respect with 60
ppm surface distances. However, in
Dakhla Oasis the TDS varied be-
tween 50 to 650 ppm in Moat 29 and
Blaat 44/5 with 100 ppm surface dis-
tances.
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Fig. (11): A kriged contour map showing the TDS val-
ues in the groundwater of Kharga Oasis

Fig. (12): A kriged contour map showing the TDS val-
ues in the groundwater of Dakhla Oasis
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4. Manganese in the studied
groundwater wells:

The Frequency of Mn concentra-
tions in 197 wells of the New Valley
(Kharga and Dakhla Oasis) are presented
in Table (5). There are 79 groundwater
wells with Mn concentration of 0.05
ppm. Those represent 40% of the wells,
which are in the allowed values accord-
ing to the WHO. The remained ground-
water wells (60 %) have Mn concentra-
tion ranging from 0.1 to 2 ppm which is
not accepted according to the WHO.
According to the Egyptian limit, 1995

(0.1-1 ppm) there are 106 groundwater
Table (5): Frequency of the average

wells having Mn lower than 0.1 ppm
with percentage of 53.7 %, these are
accepted for drinking while there are
46.3 % of wells higher than the permitted
range. But according to Egyptian limits,
2007, there are 89.8% in the permitted
limits and 10.2 % higher than the Egyp-
tian permitted limits. Considering the
suitability of groundwater for irrigation
according to the FAO limits (60 ppm),
all the 197 groundwater wells are suit-
able for irrigation. However, the maxi-
mum Mn concentration in these ground-
water wells was 2 ppm in El — Kaser 1
well at Dakhla.

Mn values in the groundwater of the

New Valley.
Mn ppm 0.05]0.1] 0.2 0.3 04 | 05 ] 06| 08|09 1 2 | total
No of wells 79 | 27 26 21 24 4 5 7 1 1 2 197
% 40 |13.7| 132 | 10.7 | 12.2 2 25 136105105 ] 1 ]100
b . o1
Suitability for
drinking Egypt (1995) 537 463 100
Suitability for
. 10.2 1
drinking Egypt (2007) 89.8 0 00
* WHO 40 | 60 100
¢ Suitability for Irrigation 100 100

* USA, WHO 1975 , " Egyptian limit for drinking water, 1995 and 2007 < FAO limits for irrigation water 1974.

The kriged contour maps of the
manganese distribution show that the
Mn contents in the studied groundwater
wells in Dakhla are higher than those in
Kharga Oasis (Figures 13 andl4).
From the surface map in Kharga, the
Mn content varies between 0.1 to 0.8
ppm in El Sherka 20 R2 and Kharga 26
at the same respect with 0.1 ppm

ppm
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Fig. (13): Manganese distribution kriged con-
tour map of Kharga Oasis

surface distances. However, in Dakhla
Oasis, the Mn content varies between
0.1 and 1.9 ppm in well Moat (29) and
5% of the studied samples in Dakhla
have 0.1 ppm such as well El Maohoub
(12/2) and 4.5% has 0.8 ppm such as
Moat 14 with 0.2 ppm surface dis-
tances.
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Fig. (14): Manganese distribution kriged contour map of Dak-

hla Oasis
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5. Sulphate in the studied ground-
water wells:

The sulphate concentration in
the groundwater of the New Valley is
generally low. The frequency of SO4>
in 329 groundwater samples is pre-
sented in Table (6). Considering the
suitability of the groundwater for
drinking, all the sampled wells are

Table (6): Frequency of average of SO,

lower than the permitted range ac-
cording to the USA, WHO and Egyp-
tian limits, 2007 (250 ppm), the
Egyptian limits (200 - 400 ppm),
1995 also according to FAO limits (0
— 980 ppm) for irrigation. Therefore
the SO~ of the groundwater is not a
problem for either drinking or irriga-
tion.

" values in the groundwater of the

New Valley
SO,” ppm 20 40 60 80 100 | 120 | 140 | 160 | 200 | total
No of wells 85 120 60 30 14 7 8 3 1 329
% 26 | 36.5 | 182 | 9.1 4.3 2.1 24 1091 | 03 100
Suitability for drinking % 100 100
Suitability for Irrigation% 100 100

6. Chloride in the studied ground-
water wells:

Generally, the total dissolved
salts are low in the groundwater of
the New Valley. Chloride is one the
major components of these salts
therefore chloride is low. The fre-
quency of chloride in the 329
groundwater samples is presented in
Table (7). Considering suitability of

the groundwater for drinking, all the
groundwater wells are in the permit-
ted limits according to the USA,
WHO and Egyptian limits, 2007 (250
ppm), the Egyptian limits (200 - 600
ppm), 1995 and FAO limits (0 — 1050
ppm). Therefore, the CI concentra-
tion in the groundwater is not a prob-
lem for either drinking or irrigation.

Table (7): Frequency of average Cl values in the groundwater of the New

Valley
CI' ppm 20 [ 40 [ 60 [ 80 [ 100 [ 120 [ 140 | 160 [ 200 [total
No of wells 85 | 120 | 60 | 30 | 14 7 8 3 1 329
% 26 [ 365182 [ 91 | 43 [ 21 [ 24 [ 091 [ 03 [100
Suitability for drinking % 100 100
Suitability for Irrigation% 100 100
7. Bicarbonate in the studied ing, all the groundwater wells are in
groundwater wells: the permitted limits according to the
The bicarbonate in all the USA, WHO (500 ppm), the Egyptian

groundwater wells in the New Valley
is low. The frequency of HCO7; in
329 groundwater samples is pre-
sented in Table (8). Considering suit-
ability of the groundwater for drink-
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limit, 1995 (500 ppm) and FAO lim-
its (0 — 610 ppm). Therefore the
HCO7; of the groundwater is not a
problem for either drinking or irriga-
tion.
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Table (8): Frequency of average of HCO; values in the groundwater of the

New Valley
HCO’; ppm 20 40 60 80 100 | 120 | 140 | 160 | 200 | total
No of wells 5 89 136 17 44 16 8 1 13 329
% 1.5 | 26 41 52 | 134 | 49 2.4 0.3 4 100
Suitability for drinking % 100 100
Suitability for irrigation% 100 100

8. Electric conductivity in the stud-
ied groundwater wells:

The electric conductivity (EC)
in the groundwater of the New Valley
as alternative measurement of the
TDS is presented in Table (9). The
EC is usually used for agriculture ir-
rigation suitability. Generally, the EC

of the groundwater in the new valley
is suitable for irrigation since 42.5 %
of the groundwater wells have no re-
striction for irrigation, 50.6 % has
slight to moderate restriction, and 6.9
% has severe restriction according to
FAO limits.

Table (9): Frequency of EC values in the groundwater of the New Valley

EC pSm’ 150 | 200 | 250 | 300 | 400 | 500 | 600 | 700 | 750 | 800 | 900 | 1000 | total
Frequency 6 38 36 34 29 10 6 11 5 6 3 4 188
% 32 1202 19.1 | 181 [ 154 | 53 |32 |59 |27 32|16 | 21 100
Sum% 42.5% 50.6% 6.9 % 100

9. Sodium adsorption ratio (SAR)
in the studied groundwater wells:
The sodium adsorption ratio
(SAR) is a measure of sodium hazard
of the irrigation water on the irrigated
land. It is calculated from the soluble
sodium divided by the square root of
half the concentrations of calcium
and magnesium in water. The fre-

quency of SAR in 188 groundwater
samples is presented in Table (10).
Considering  suitability of  the
groundwater for irrigation, all the
groundwater wells have no sodium
hazard on the irrigated land according
to FAO limits, and can be used for
irrigation of all crops especially the
sensitive to sodium such as Citrus.

Table (10): Frequency of SAR values in the groundwater of the New Valley

SAR epm 0204|0608 | 1 |[12[14]| 2 24 | 26 | 29 | total

Frequency 7 18 | 17 | 44 24 1 23 | 13 4 3 3 1 188

% 37196 9 234128 |122]69 | 2.1 1.6 | 1.6 | 0.53 | 100
10. Residual sodium carbonate it cause alkalinity hazard to the soil

(RSC) in the studied groundwater
wells:

The Residual sodium carbonate
(RSC) is used in irrigated agriculture
as a measure for the expected residual
carbonate in the irrigation water. It is
calculated by subtraction of the solu-
ble calcium and magnesium from the
values of soluble carbonate and bi-
carbonate in me\l. Carbonate is not
favored ions in irrigated land because
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and the growing crops. The frequency
of RSC in 190 groundwater samples
is presented in Table (11). Consider-
ing suitability of the groundwater for
irrigation, there are 72.2 % of the
groundwater wells in class one (RSC
< 1.25 me /1) that is considered as
safe, which is good quality and suit-
able for using in irrigation for all
types of soils. 22.1 % of the ground-
water wells in class two (1.25 and 2.5
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me/l) that it is considered as mar-
ginal, which may be used in well-
drained soils, and 7 % of the ground-
water wells in class three (< 1.25

me/l) that considered as not suitable
especially in soil that is poor in cal-
cium and drainage according to FAO
limits.

Table (11): Frequency of RSC values in the groundwater of the New Valley

RSC me/l low medium high total

Frequency 141 42 7 190

% 72.2 22.1 3.7 100

Criteria <1.25 1.25-2.5 >2.5
Conclusion: Gameh, M. A. (2001). Recycling the

The evaluation of the studied
groundwater wells in the New valley,
Egypt, concluded that the soluble iron
is the major problem for drinking wa-
ter, since only 2.4% of the studied
samples were in the safe limits for
drinking, and 42.8% are in safe for
the modern irrigation systems. Deal-
ing with manganese, 89.8% of the
studied wells were in the safe limits
for drinking and there is no problem
in the irrigation system. The soluble
salts in the groundwater were at the
safe level for drinking and irrigation.
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