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ABSTRACT 
 

The present investigation is conducted to characterize the groundwater resources in El-
Hammam area, north-west coast of Egypt and to evaluate its quality as important factors of reliability. 
Combined tools, based on hydrochemistry and environmental stable isotopes, have been functioned for 
conducting the investigation. This study focused on the relationship between surface water and 
groundwater as well as the other factors affecting groundwater quality; such as rock-water interaction, 
weathering, dilution and/or evaporation and ion exchange. In this work, a geochemical Netpath model 
was used to interpret the change of the groundwater quality along its flow path. In addition, a 
multivariate statistical analysis such as principle component analysis (PCA) was used, as a 
supplementary tool, to evaluate the factors controlling groundwater chemistry of El-Hammam area. A 
low to moderate stage of mineralization dominates the groundwater under study, where TDS ranges 
from 400 to 5000 mg/l. The major ions were Na, Mg, SO4 and Cl and the major hypothetical salts were 
NaCl, Na2SO4, MgSO4, CaSO4 and Ca (HCO3)2.The major sources of groundwater recharge in the 
studied aquifer come mainly from Nile water system (irrigation, drainage, mallahat, Mariut) and winter 
rainfall. Sea water intrusion, if present, is local and not so effective in comparison with other sources. 
The studied area combines features from both western delta hydrological system and coastal zone. The 
fresh water recharge in the studied area is developed into more saline water under the effects of: 1-
Leaching and dissolution of terrestrial and marine salts, 2-Evaporation and/or mixing with evaporated 
water (mallahat, lagoons, sabkhas and salt marches) and 3-Ion exchange/inverse ion exchange.  
 
Key words: groundwater, chemistry, evolution, mixing, stable isotopes, modelling, statistical analysis 

 
Introduction 
 

The coastal zone of Egypt has become the major site for extensive and diverse economic 
activities. In order to meet the demands of a growing population with limited recourses, land 
reclamation has been an important issue in Egyptian agenda. For the North Western coast, rain fed 
agriculture is limited to the Mediterranean coastal plain from Alexandria to El Saluom, which represents 
most of the resorts along the Mediterranean Sea.  

The Egyptian government organized several development programs. One of these programs 
was directed towards the coastal zone of the western desert. whose effort is to dig groundwater wells as 
an alternative source of water supply for domestic use and agriculture. They start with additional 
projects like El Noubariya Canal - El Nasr Canal - El Hammam Canal and Extension.  

El Hammam area, occupies a portion of the North-Western coastal zone of Egypt, represents 
one of potential localities for future developments and agricultural expansion beyond the Nile Valley 
and Delta. It is subjected to regional development projects including land reclamation, building new 
factories and establishing many economic, scientific and recreation centres. 

 
Study Area 
 

El Hammam area is located to the west of Alexandria and runs parallel to the coast for about 
25 km with a width of about 12 km. It is  bounded by longitudes  29° 17\ 00\\ to 29° 30\ 00\\ E and 
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latitudes 30° 53\ to 30° 47\ N (Figure 1),  and crossed by several roads , such as the Alexandria – Matruh 
road and El Hammam – Burg El Arab road. It is also dissected by some irrigation and drainage systems 
such as El-Nahda drain, Baheg canal and El-Hammam canal. The area is characterized by irregular hills 
in the southern parts with an elevation ranging from 0 to more than 40 meters above sea level and slopes 
towards the Mediterranean Sea.  

 

Fig. 1: Study area location map 

The climatic conditions of the study area are typically arid to semi-arid, characterized by long 
hot dry summer, mild winter with little rainfall, high evaporation with moderately to high relative 
humidity. It lies within Alexandria region which receives an average rainfall of 100 to 150 mm per year. 
Most of rain falls along the coastal area and it decreases suddenly moving southwards.  (Warne and 
Stanley, 1993). 

The objective of this paper is to identify the processes controlling groundwater quality and its 
evolution based on studying different factors. Among these are types of aquifer sediments, recharging 
sources, groundwater movements and its variation due to mixing and/or rock-water interaction. The 
previous geologic and hydrogeologic studies along with both the hydrochemical and isotopic data will 
be used to fulfil these objectives. The use of these data is directed to understand the spatial distribution 
of the water chemistry and its constituents.  

A geochemical Netpath model is used to interpret the change of the groundwater quality. This 
could be done by calculating the amount of minerals being dissolved or precipitated during the 
movement of groundwater from upstream to downstream. This model was also adopted to calculate the 
mixing ratios between groundwater and the other surface water sources in the study area. On the other 
hand, the different hydrochemical processes affected groundwater qualities were distinguished using 
statistical methods. It has been proven by applying a method based on the multivariate analysis of the 
geochemical data sets, namely Factor analysis (FA).  

The use of factor analysis aims at distinguishing respective roles of geological and 
hydrogeological factors in this hydrochemical evolution. We also assessed the relative applicability and 
complementarities of FA method compared to conventional hydrochemical grouping in achievin the 
scientific evaluations. 

 
Geomorphologic aspects: 
 

Geomorphologically, the study area is generally divided according to (Raslan, 1995) into four 
main units. These units from south to north are; the table land, piedmont slopes, coastal plain and the 
sandy shore zone (Figure 2). 
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 Fig. 2: Geomorphic map of the study area (Raslan, 1995) 
 
I. The Table land: 
 

The table land occupies the northern edge of the high structural plateau (Marmarican Homoclinal 
plateau) of the Western Desert of Egypt. The structural plateau acts as major catchments area feeding 
the drainage lines during winter times. The table land is mainly consisting of Middle Miocene and 
Lower Miocene rocks, while between Burg El Arab and El Alamein there are some Pliocene deposits 
and Pleistocene thin layer of detritus oolitic limestone were encountered in the subsurface or exposed 
on the surface and overlying the Miocene rocks, (Abdel Mogheeth, 1968) and (Attia, 1975). 
 
II. The Piedmont plain: 
 

The piedmont plain represents an extended sloppy surface separating the table land to the south 
from the frontal and coastal plains to the north. Generally it is considered as a transition zone between 
the foot of escarpment and the coastal plain. 

  
III. The Coastal plain: 
  

The coastal plain extends between the northern edge of the first ridge and the shore line. This 
plain mainly consists of alluvial fans, descending from the plateau, wadis extension, rocky plains, 
sabkhas, sand sheets and sand dunes. 

 
Geologic setting: 
 

Sedimentary rocks belonging to Quaternary and Tertiary ages mainly occupy the Mediterranean 
coastal zone. The northern part of the Western Desert is mainly covered by thin blanket of Miocene 
rocks forming a limestone plateau. It extends from the western side of the Nile valley and delta in the 
east to El-Sallum in the west and the Mediterranean coastal plain in the north to the Qattara and Siwa 
depression in the south (Hilmy et al., 1978). 
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Figure 3: Geologic map of the study area (modified by Yousef and Salem 2007) 

The Quaternary deposits are widely distributed on the surface of the coastal plain, wadis and 
raised beaches (Figure 3). The Holocene deposits of coastal sand dunes, lagoonal and alluvial deposits 
and the Pleistocene oolitic limestone ridges and old lagoonal deposits mainly represent these deposits. 
The Quaternary carbonate ridges in the present area are cemented into moderately hard limestone except 
the coastal ridge that is mostly less cemented (Zahran, 2008). 
 
Water Potentialities:  
 

Both the surface water and the groundwater represent the water supplies in the area of study. The 
surface water supplies represented by irrigation canals from the Nile water, while the groundwater is 
represented by drilled wells spread out in the investigated area. 
 
1- Surface water potentials: 
 

The study area can be differentiated into fresh-brackish water canals (irrigation and drainage 
canals) and saline ponds (seepage water). The fresh- brackish water canals extend from the Nile Delta 
to west of El Hammam city. Four main canals with different ground elevation namely El Nasr, El 
Hammam, Baheg canals and El Nahda drain are dissecting the study area. El Nasr Canal of fresh water 
(mixed water from the drainage water of the cultivated lands in the western Nile Delta and fresh 
irrigation water) is the main source of Baheg and El Hammam canals. The surface water flows mainly 
by gravity from the relatively high to the relatively low lands. Salinity of these canals increase 
northward. 
 
2- The Groundwater potentials: 
 

The study area exists in semi-arid zone, where the winter precipitation varies in time and space. 
The groundwater exists under free water condition. The groundwater flow towards the Mediterranean 
Sea coast (Atta et al., 2005). They has been recharged annually by local rainfall and the Nile seepage 
water from El-Nasr, El-Hammam canals and Maryut lake. 

The selected groundwater points in the study area are represented by hand dug wells and drill 
wells. The water bearing formation in the area are classified as follows: 
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I-The Holocene alluvial aquifer: 
 

The Holocene aquifer occurs mostly in the low lying depressions between the ridges It consists 
of unconsolidated calcareous sand of high porosity. It is underlined directly by calcareous sandy and 
clayey sediments of variable thickness and overlain by lagoonal deposits (series of banded gypsum with 
clay layers) and dry creamy massive limestone. 

 
II-The Pleistocene - oolitic limestone aquifer: 
 

The Oolitic limestone; forms the most important aquifer throughout the region to the west of 
Alexandria. It covers the whole coastal plain forming elongated ridges. It constitutes the main 
productive aquifer in the study area. It is overlain partially by calcareous sandy and clayey sediments 
of variable thickness and underlain by dry creamy massive limestone. It is mainly recharged from the 
southern Miocene aquifers in addition to the effects of the El Hammam canal, (Hilmy et al., 1978).  

The coastal aquifers mostly contain brackish water and hydraulically connected with each other 
through leakage (Shaaban, 2001). 

 
Methodology:  
 

Thirty-five water samples were collected from different sources including dug wells, canals, 
drains and lakes. The sampling points considered in this paper are indicated in Figure 4 and identified 
in Table 1.  
 

 

 
 
 

 
 
 
 

 
 

 
 
 

 
 
 

Fig. 4: Wells Location map of the collected water samples in El Hammam area 
 

Some measurements were carried out in the field such as electrical conductivity (EC, micro 
mhos/cm), temperature (oC) and hydrogen ion concentration (pH). The samples were then chemically 
analysed for major ions (Ca2+, Mg2+, Na+, K+, CO3

2-, HCO3
-, SO4

2-, Cl-  and SiO2) and some minor and 
trace elements (NO3

-, Fe2+, and Al3+). Environmental stable isotopes, like oxygen-18 and deuterium 
were also measured. Chemical analyses were performed titrimetrically and by using ion 
chromatography (ICS-3000 Reagent-Free IC System) according to the methods adopted by U.S. 
Geological survey, (Fishman and Friedman, 1985 and American Society for Testing and Materials 
ASTM, 2002) at the Laboratory of Desert Research Center.  
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The Environmental stable isotopes contents were determined according to the standard methods 
in the Isotope Geochemistry lab in the Department of Geosciences at Western Michigan University, 
Kalamazoo, Michigan, USA. The results were reported in delta per mille (‰) notation for O-18 and 
deuterium (D) 

Results and Discussion 

Geochemical properties of Quaternary aquifers: 

Based on the chemical analyses given in Tables 1 and 2, the geochemical properties of the studied 
Quaternary aquifer are summarized and discussed as follow: 
 The pH values of groundwater mostly reflect slightly acidic to slightly basic condition (Figure 5).  

 The total dissolved solids (TDS) range from 400 to 4508 mg/l, (Table 1) According to Freeze and 
Cherry`s classification (1979), about 63% of the collected samples are brackish water and about 
38% are fresh water. 

 
Fig. 5: Distribution of pH, EC and TDS in El Hammam groundwater. 

 

The iso-salinity contour map (Figure 6), the groundwater salinity increases markedly from 
southeast to northwest and from east to west towards the canals, but the general direction of the 
groundwater flow showed no clear or definite trend of  salinity increase but showed several local trends. 

 The Total Hardness (TH) of El-Hammam groundwater samples ranges between 118 and 1955 mg of 
CaCO3/l as and average 715. According to Todd, 2007, the majority of groundwater samples (84 % 
as 27 samples) are classified as very hard while only 5 samples (16 %) are considered as hard water 
and there is no soft or moderately hard samples. There are two types of hardness (Hem, 1989): 1-
Temporary Hardness “carbonate hardness”, this hardness is removed by boiling of water. 2-
Permanent hardness “non-carbonate hardness  , this hardness could be removed by adding sodium 
carbonate . 

 The calculated alkalinity values range between 30 and 260 mg of CaCO3/l. All wells that have a high 
concentration of alkalinity also have a high concentration of bicarbonate or carbonate ions. 

 The order for cations concentration in the study area are Na+& K+ (48%) > Ca++ (28%) > Mg++ (24%), 
while the order for anions are SO4

—(52%) > Cl-(30%) > HCO3
- & CO3

— (18%)  (Table 1).  
 Sodium represents the dominant cation in the analyzed groundwater samples (Figure 7). It varies 

between 60 mg/l and 1139 mg/l with an average value of 323 (see Table 1). 
 Potassium is the least dominant cation; ranging from 4.5 mg/l and 54 mg/l, with an average value of 

22.62. The relatively high potassium content in some groundwater samples is mainly due to the 
effect of irrigation-retained water. 
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 Calcium ranges between 25 to 474 mg/l, with an average value 142 mg/l. In the majority of the 
collected groundwater samples, calcium percentage is slightly higher than that of magnesium. This 
may be explained by the abundance of carbonate minerals that composed the water-bearing 
formations as well as ion exchange processes  

 Magnesium ranges between 14 mg/l and 228 mg/l with an average value of 83 mg/l (Figure 7). 
 
 

Fig. 6: Iso-salinity contour map. 
 

Fig. 7: Distribution of Ca++, Mg++, Na+ and K+ (mg/l) in the studied groundwater samples.  

 Chloride content in the collected groundwater samples shows a wide range 29 mg/l and 1488 mg/l, 
with an average value of 369 mg/l (Table 1). 

 Concentrations of sulfate in the investigated water samples range between 93 mg/l and 1845 mg/l, 
with an average value of 694 mg/l (Figure 8). The high values of sulfate due to leaching and 
dissolution processes occurring in the gypseous sediments. 
 

The hydrochemical coefficients (Ion ratios): 
 

The original source of Na+ and K+ ions are the dissolution of halite (NaCl) and sylvite (KCl) 
minerals. Some of the hydrochemical coefficients, as shown in table 2, show that there is an increase in 
Na+ and K+ ions. Examples of these coefficients are the ratios Na/Cl or (Na+K)/Cl, which recorded 
values more than one in all samples except sample no. 13 where Na/Cl was less than one. This could 
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be explained as a result of landfill leachate, sewage from drainages  or salt water intrusion The ratios 
Na/(Na+Cl-) and (Na++K+)/(Na++Cl-) are greater than 0.5. As for the ratio (Na++K+) / (Ca+++Mg++), it 
records values more than 0.5, in samples (1, 7, 8, 10, 11, 15, 17, 30, 31 and 32), while in the rest of 
samples it shows values greater than one. All of the above-mentioned ratios indicate other sources of 
Na+ ions than halite, (Hounslow, 1995). 

 
 

Fig. 8:  Distribution of CO3
--, HCO3

-, SO4
-- and Cl- (mg/l) in the studied groundwater 

 
Table 1: The hydrochemical analysis data of groundwater samples in El-Hammam area. 

ID 
 

pH 
 

TDS 
mg/l 

Ca 
mg/l 

Mg 
mg/l 

Na 
mg/l 

K 
mg/l 

CO3 

mg/l 
HCO3 

mg/l 
SO4 

mg/l 
Cl 

mg/l 
SiO2 

mg/l 
NO3 

mg/l 

1 6.9 970 63.6 65.4 169.6 14.6 0.0 146.4 383.6 199.6 15.0 0.0 

2 6.8 422 38.1 15.1 86.1 10.4 0.0 112.9 125.8 89.8 10.9 0.0 

3 6.9 1891 115.2 88.7 406.0 22.5 27.0 128.1 752.6 415.2 16.4 0.0 

4 6.8 2075 100.1 124.2 437.7 19.5 15.0 173.9 885.3 406.4 16.0 0.0 

5 6.6 3461 308.1 207.4 507.3 36.6 0.0 167.8 1744.
5 

572.9 26.3 0.0 

6 6.8 2615 192.4 135.0 500.9 22.7 24.0 149.5 1018.
6 

646.6 17.5 0.0 

7 7 1101 103.0 67.0 157.9 24.1 36.0 164.7 494.5 136.0 23.5 0.0 

8 7.2 771 47.3 54.8 134.9 15.3 24.0 192.2 292.3 106.1 14.1 0.0 

9 7.1 945 87.8 76.9 107.0 9.6 24.0 134.2 495.7 76.4 17.0 1.4 

10 6.9 936 69.3 69.3 141.3 20.8 27.0 213.5 376.2 125.6 36.8 3.1 

11 7.2 659 38.3 52.9 111.4 18.0 33.0 170.8 238.0 82.2 36.8 3.5 

12 8.3 1232 297.2 20.1 72.2 4.4 0.0 36.6 757.3 62.7 9.0 6.1 

13 7.9 2348 82.1 114.8 589.2 48.9 0.0 143.4 495.4 946.1 10.1 9.6 

14 7.5 4328 126.9 173.8 1138 49.9 0.0 170.8 1459.
9 

1293.
5 

18.6 10.0 

15 7 751 59.2 27.1 102.3 8.5 27.0 189.1 347.7 84.3 10.5 10.8 

16 7 661 24.8 13.6 177.4 7.5 0.0 271.5 149.4 152.9 14.0 17.2 

17 6.7 1997 274.8 71.4 263.2 23.4 24.0 143.4 1089.
6 

179.0 42.0 20.5 

18 6.9 1404 236.8 52.3 137.4 13.7 0.0 173.9 779.6 97.3 10.4 23.5 

19 7.4 3060 168.8 135.4 710.5 42.6 0.0 97.6 1072.
4 

881.2 9.8 28.9 
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The other sources of Na+ & K+ ions can be concluded from the following: 

1-Cation exchange sources: 
 
 The chloro-alkaline indices CA1 =Cl--(Na++K+)/ Cl- ,CA2= Cl -(Na++K+)/ SO4

2- + HCO3
- + 

CO3
2-− + NO2

- in meq/l, .have negative values (Figure 9). This means that the ion exchange is 
reversed, in which the depletion of Ca2+ & Mg2+ and enrichment of Na+ occurred. , (Schoeller 
1967; Kumar et al., 2007). 

Ca2+&Mg2+(aq) +2 Na+ (clay)  =►Ca2+ &Mg2+(clay)+2Na+(aq) 

 
Fig. 9: Scatter plot of CA1=Cl-(Na+K)/Cl vs CA2=Cl(Na+K)/(Co3+HCO3+SO4). 

 
 According to Fisher and Mullican (1997) if  reverse ion exchange is a geochemical process 

controlling the composition of groundwater, this relationship (Ca
 
2++Mg

 
2+)-(HCO3-SO4

 
2-) vs. (Na+- 

Cl-) should be linear with a gradient of -1 (Figure 10) 

-6.00

-5.00

-4.00

-3.00

-2.00

-1.00

0.00

C
A

1
=C

l-
(N

a+
K

)/
C

l

CA2=Cl-(Na+K)/CO3+HCO3+SO4

Reverse Ion exchange

20 6.9 1099 75.6 61.6 211.4 18.4 21.0 164.7 407.0 221.9 10.5 31.3 

21 8.7 3781 211.9 161.2 851.7 52.4 21.0 24.4 1305.
2 

1165.
9 

1.8 32.1 

22 6.8 2441 243.1 100.1 440.4 35.0 18.0 167.8 987.7 532.5 13.6 35.7 

23 7 1248 192.0 60.4 148.0 9.9 27.0 134.2 640.9 103.0 3.1 36.7 

24 6.7 1197 197.5 48.0 127.4 12.4 0.0 219.6 593.0 109.4 8.4 46.1 

25 6.6 1364 287.4 25.6 101.2 10.8 15.0 170.8 810.1 28.6 1.7 48.0 

26 7.9 925 42.6 42.5 225.1 20.3 36.0 170.8 319.0 154.7 <0.02 50.2 

27 7.2 1032 80.2 57.8 203.7 16.2 21.0 189.1 397.9 160.3 <0.02 68.5 

28 7.1 340 39.7 14.4 60.0 6.0 12.0 112.9 93.0 58.5 <0.02 70.2 

29 7 4508 188.9 228.1 1055 53.7 21.0 109.8 1418.
0 

1487.
8 

<0.02 76.8 

30 7.8 565 34.1 47.6 85.1 18.2 33.0 146.4 205.0 68.4 <0.02 77.6 

31 7.8 675 34.0 52.0 121.6 16.2 30.0 128.1 212.7 144.5 <0.02 77.9 

32 7.1 4485 473.9 187.8 764.3 41.7 24.0 268.4 1845.
2 

1013.
6 

6.5 134.5 

Drain 6.6
0 

3146 263.2 144.0 614.8 30.1 0.0 131.2 1152.
0 

876.1 1877.
4 

49.5 

Canal 6.6 267 30.2 11.2 51.1 4.7 0.0 94.6 76.7 45.6 97.8 5.2 

Malaha 7.2 5414
5 

916.8 2055 1650
1. 

531.2 0.0 122.0 4293.
5 

29786 63827 0.0 

Sea 7.8 3580
1 

518.1 1341 9909 371.1 24.0 97.6 3129.
2 

20459 <0.02 0.0 

Rain 7.9 68 15.1 1.5 7.0 1.0 0.0 37.5 6.4 23.0 - - 
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Fig. 10: (Ca2++Mg2+)-(HCO3

-+SO4
2-) vs (Na+-Cl-) meq/l 

2-Silicates weathering sources: 
  

The dissolution of silicate minerals can be also another source of increasing (Na & K) as shown 
from the hydrochemical ratios ( see Table 2) .The silicate weathering as a source of (Na+ & K+) can be 
declared by the relations of  Ca++/ Na+ versus  Mg++/Na+ molar ratio  (Figure 11a). and Ca++/ Na+ versus 
HCO3

-/Na+  (Figure 11b) . 
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All samples show increase of Na+ than Ca++, Mg++ and HCO3
- in mmol/l. This could explained as 

the silicate weathering is prevailing the ion exchange process. Two samples show an increase of Ca++ 
than Na+ (12&25). This may be due to dissolution of calcite (CaCO3) which in turns leads to an increase 
of HCO3

- & Ca++.  Due to the higher solubility of Na+ relative to Ca2+, lower Ca++ /Na+  molar ratio are 
expected in groundwater, which are related to weathering of silicates (Rahman et al., 2014). 

The original source of Ca++ & Mg++ ions are dissolving calcite (CaCO3), magnesite (MgCO3) and 
dolomite CaMg(CO3)2 from carbonate rocks beside gypsum (CaSO4,2H2O) , anhydrite (CaSO4) from 
evaporites. The compositional changes in Mg++ and Ca++ concentrations mainly depend on the residence 
of water in carbonate system, which is controlled by the distance from the recharge area and the 
dissolution and/or precipitation reaction of calcite and dolomite (Langmuir, 1971). 

Binary plots of (Ca++ + Mg++) vs. (HCO3
- + SO4

--) in meq/l were prepared to identify the ion 
exchange and weathering processes (Figure 12). All samples, (HCO3

-+SO4
--) are more than (Ca2++ 

Mg2+). The increase of HCO3
—may be due to dissolution of calcite and dolomite beside silicate 

weathering . The anthropological contamination from irrigation and waste water may increase SO4
--, 

(Cerling et al., 1989; Fisher and Mulican 1997). . 

 
 

 

 

 

 

 

 

 

 

 

 

The Distribution of CO3 & HCO3, SO4 and Cl in the area (Table2) show that: 

 Revelle coefficient (Cl-/(HCO3
- + CO3

2- in meq/l), (Revelle,1941)  show relative increasing in Cl 
relative to CO3 & HCO3 , indicating contamination beside carbonate and silicates weathering (Fisher 
and Mullican 1997). About 60% of samples showed the effect of contamination by saline water or 
leaching and dissolution of marine sediment.  

 The Cl- /Sum anions ratio shows values less than 0.8 (Figure 13), indicating the dominance of rock 
weathering processes (such as dissolution, hydrolysis, carbonation, oxidation, ..etc),  (Hounslow, 
1995).   

 Cl/SO4 ratio (Table 2) showed that most samples have SO4
2- > Cl- ,indicating  other source of SO4

-- 

than gypsum ,while samples nos. 13,14,16,19,21,29 have Cl- > SO4
2- .This reflects the dissolution of  

local terrestrial salts rich in sulfate such as gypsum (CaSO4. 2H2O), anhydrite (CaSO4).and epsomite 
(MgSO4).7H2O.  
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Fig.13: Binary plot between Cl/Sum Anions and TDS. 

Table 2: The hydrochemical coefficients and their interpretations 
Hydrochemical 

Coefficients 
Interpretation Min. Max. Avg. Median 

Na/Cl in meq/l   Na<Cl in sample no 13 0.96 5.46 1.84 1.74 

(Na+K)/Cl in meq/l All samples Na+K>Cl 1.01 5.81 1.95 1.83 

Na/Ca in meq/l Ca>Na in samples no 12,17,18 0.21 7.82 2.59 2.22 

Na/(Na+Cl) in meq/l 
All samples Na=>0.5 (Na+Cl) ,  

0.49 0.85 0.62 0.62 

Na+K/Ca+Mg in meq/l 
Na+K/Ca+Mg< 0.5 in samples no 
9,12,23,24,25  
 

0.20 3.36 1.13 0.91 

Na/HCO3 in meq/l All samples Na>HCO3 1.41 92.64 10.54 3.08 
HCO3/Total anions in 
meq/l 

All samples <0.8 gypsum 
dissolution 

0.01 0.37 0.14 0.14 

CA1=Cl-(Na++K+)/ Cl-  &  
CA2=-Cl--(Na++K+)/ SO4

2- 
+ HCO3

- + CO3+ NO3
-in 

meq/l 

All samples are negative -0.20 -4.81 -0.95 -0.83 

-0.13 -0.01 -0.26 -0.26 

Cl/Total anions in meq/l All samples Cl<0.8 0.04 0.68 0.31 0.29 
Ca/SO4 in meq/L All samples SO4>Ca , sample no 28 

Ca>SO4 
0.21 1.02 0.51 0.42 

Ca/(Ca+SO4) in meq/L All samples Ca/(Ca+SO4) <0.5 
sample no 28 >0.5 

 
0.17 

 
0.51 

0.33 
 

0.30 
Ca/Mg in meq/L Ca>Mg in samples no 

2,12,15,16,17,18,22,23,24,28 
 

0.40 
 

8.99 
 

1.46 

 
0.82 

 
Ca+Mg/Na+K  in meq/L (Na+K)>(Ca+Mg) in samples   

2,3,4,6,9,13,14,16,19,20,21,26 
 

0.30 
 

5.07 
 

1.53 
 

1.10 
Revelle Coefficient 
Cl/HCO3+CO3 im meq/l 

All samples show relative increasing 
in Cl 

0.24 
 
 

29.90 
 
 

4.97 
 
 

1.37 
 
 

 
Water chemical type: 

According to AquaChem v.3.70 program (1997), chemical water types with parameters less 
than (20%) are considered as minor and removed. The remaining ions then considered as major ions. 
These ions are ordered according to their percentage. Cations  ordered first, followed by the anions 
(Table 3).  
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About 24 sample (75%) show Na>Mg>Ca and SO4>Cl, while about 8 samples (25%) show Ca 
or Mg>Na and SO4 with low Cl concentration. It reveals the dominance of sodium, calcium and 
magnesium sulphate salts in the ground water. 

Hypothetical salts: 

Considering the hypothetical salts, Four main assemblages are recognized for the groundwater 
samples in the study area (Table 4).  
 About 69 % of the groundwater samples are characterized by assemblage I, and about 25% of are 

characterized by assemblage II.  They are characterized by the presence of sulfate salts (more 
advanced stage that reflects the effect of leaching and dissolution of the terrestrial salts on 
groundwater. Assemblages III characterizes about 3.5% of the groundwater samples. It is 
characterized by the appearance MgCl2, and MgSO4 salts reflecting the effect of leaching and 
dissolution of marine salts, terrestrial deposits, evaporates rich in sulfate and chloride.  

As for group IV, it shows the presence of Na2SO4 and NaHCO3 salts indicating meteoric and/or canal 
water recharge that affected by leaching and dissolution of terrestrial salts.  

 

Table 3: Hypothetical salts assemblages and water chemical type: 
Hypothetical salt assemblages Water type 

(AquaChem 3.70) 
No 

Ca(HCO3)2 CaSO4 MgSO4 Na2SO4 NaCl Na-Mg-SO4-Cl         1 
Ca(HCO3)2 CaSO4 MgSO4 Na2SO4 NaCl Na-Ca-SO4-Cl-HCO3    2 

Ca(HCO3)2 CaSO4 MgSO4 Na2SO4 NaCl Na-Mg-SO4-Cl         3 

Ca(HCO3)2 CaSO4 MgSO4 Na2SO4 NaCl Na-Mg-SO4-Cl         4 

Ca(HCO3)2 CaSO4 MgSO4 Na2SO4 NaCl Na-Mg-Ca-SO4-Cl      5 

Ca(HCO3)2 CaSO4 MgSO4 Na2SO4 NaCl Na-Mg-Ca-SO4-Cl 6 

Ca(HCO3)2 CaSO4 MgSO4 Na2SO4 NaCl Na-Mg-Ca-SO4-Cl      7 

Ca(HCO3)2 Mg(HCO3)2 MgSO4 Na2SO4 NaCl Na-Mg-SO4-HCO3-Cl    8 

Ca(HCO3)2 CaSO4 MgSO4 Na2SO4 NaCl Mg-Na-Ca-SO4         9 

Ca(HCO3)2 Mg(HCO3)2 MgSO4 Na2SO4 NaCl Na-Mg-Ca-SO4-Cl-HCO3 10 

Ca(HCO3)2 Mg(HCO3)2 MgSO4 Na2SO4 NaCl Na-Mg-SO4-HCO3-Cl    11 

Ca(HCO3)2 CaSO4 MgSO4 Na2SO4 NaCl Ca-SO4               12 

Ca(HCO3)2 Mg(HCO3)2 MgSO4 MgCl2 NaCl Na-Mg-Cl-SO4         13 

Ca(HCO3)2 CaSO4 NaHCO3 Na2SO4 NaCl Na-Mg-Cl-SO4         14 

Ca(HCO3)2 CaSO4 MgSO4 Na2SO4 NaCl Na-Ca-SO4-HCO3-Cl    15 

Ca(HCO3)2 CaSO4 MgSO4 Na2SO4 NaCl Na-HCO3-Cl-SO4       16 

Ca(HCO3)2 CaSO4 MgSO4 Na2SO4 NaCl Ca-Na-SO4            17 

Ca(HCO3)2 CaSO4 MgSO4 Na2SO4 NaCl Ca-Na-SO4   18 

Ca(HCO3)2 CaSO4 MgSO4 Na2SO4 NaCl Na-Mg-Cl-SO4         19 

Ca(HCO3)2 CaSO4 MgSO4 Na2SO4 NaCl Na-Mg-Ca-SO4-Cl      20 

Ca(HCO3)2 CaSO4 MgSO4 Na2SO4 NaCl Na-Mg-Cl-SO4         21 

Ca(HCO3)2 CaSO4 MgSO4 Na2SO4 NaCl Na-Ca-Mg-SO4-Cl      22 

Ca(HCO3)2 CaSO4 MgSO4 Na2SO4 NaCl Ca-Na-Mg-SO4         23 

Ca(HCO3)2 CaSO4 MgSO4 Na2SO4 NaCl Ca-Na-Mg-SO4         24 

Ca(HCO3)2 CaSO4 MgSO4 Na2SO4 NaCl Ca-Na-SO4            25 

Ca(HCO3)2 Mg(HCO3)2 MgSO4 Na2SO4 NaCl Na-Mg-SO4-Cl         26 

Ca(HCO3)2 Mg(HCO3)2 MgSO4 Na2SO4 NaCl Na-Mg-Ca-SO4-Cl      27 

Ca(HCO3)2 Mg(HCO3)2 MgSO4 Na2SO4 NaCl Na-Ca-Mg-SO4-HCO3-Cl 28 

Ca(HCO3)2 CaSO4 MgSO4 Na2SO4 NaCl Na-Mg-Cl-SO4         29 

Ca(HCO3)2 CaSO4 MgSO4 Na2SO4 NaCl Mg-Na-SO4-HCO3       30 

Ca(HCO3)2 Mg(HCO3)2 MgSO4 Na2SO4 NaCl Na-Mg-SO4-Cl         31 

Ca(HCO3)2 Mg(HCO3)2 MgSO4 Na2SO4 NaCl Na-Ca-Mg-SO4-Cl    32 
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Table 4: Assemblages of the hypothetical salts in groundwater samples 
Assemblages of hypothetical salts in the study area No Percent % 

NaCl, Na2SO4, MgSO4, CaSO4, Ca(HCO3)2 I 22 69 
NaCl, Na2SO4, MgSO4, Mg (HCO3)2, Ca (HCO3)2 II 8 25 
NaCl, MgCl2, MgSO4, CaSO4, Ca (HCO3)2 III 1 3.5 
NaCl, Na2SO4, NaHCO3, Mg (HCO3)2, Ca (HCO3)2 IV 1 3.5 

 

Piper’s tri-linear diagram: 

Based on Piper's graph (1953), different groundwater quality types can be distinguished by their 
plotting in certain sub areas of the diamond-shaped field as follows, (Figure 14) show that all  ground 
water samples are located inside sub areas (6,7,9). 
 About 28% of samples restricted in (sub-areas 7), where the water is dominated by primary salinity 

character (SO4
2-+ Cl-) > (Na+ + K+), and where calcium and magnesium chloride and sulfate salts 

present.. 
  About 44% of samples restricted in (sub-area 9), where no one cation-anion pair exceeds 50 percent 

mixing process.  
 About 28% of samples restricted inside (sub-areas 6), where non-carbonate hardness (secondary 

salinity) exceed 50 percent and Ca-Cl type.  

 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Fig. 14: Groundwater samples represented in Piper’s tri-linear diagram. 
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Geochemical Modeling: 
  
Model Definition. 
 

The hydrochemical model is described by a set of mathematical expressions (including data of 
various kinds) to represent natural processes in a particular system. The output data, or the results of 
the model calculations, generally are quantities which are at least partially observable or experimentally 
variable. 

NETPATHXL is a revised version of NETPATH that runs under Windows operating systems. 
NETPATH is a computer program that uses inverse geochemical modeling techniques to calculate net 
geochemical reactions that can account for changes in water composition between initial and final 
evolutionary waters in hydrologic systems, (Plummer et al., 1994).  

The NETPATH relies on an auxiliary, database program, DB, to enter the chemical analyses and 
to perform speciation calculations that define total concentrations of elements, charge balance, and 
redox state of aqueous solutions that are then used in inverse modeling. Instead of DB, NETPATHXL 
relies on Microsoft Excel to enter the chemical analyses. 

 

Chemical Equilibrium and Saturation Indices (SI): 

The majority of the water samples (87%)  (have a negative value) were under- saturated with 
respect to calcite, aragonite and dolomite (carbonate minerals) and 13% of samples are saturated by 
calcite, aragonite and gypsum. 

All water samples were under-saturated for gypsum and anhydrite (Table 5). Although the 
saturation indices values are a reflection of the geochemical processes that take place during the 
groundwater movement, their values show asymmetric pattern. This pattern of variation is a function 
of distance from recharge sources and geologic structure. 

 
Table 5: Saturation indices values of the surface and groundwater samples (table header is not colored) 

Well Number Calcite Aragonite Dolomite Gypsum Anhydrite 

1 -0.824 -0.968 -1.295 -1.309 -1.529 

2 -1.208 -1.352 -2.475 -1.77 -1.99 

3 -0.618 -0.762 -1.013 -0.911 -1.13 

4 -0.999 -1.143 -1.569 -0.93 -1.149 

5 -0.87 -1.014 -1.579 -0.343 -0.562 

6 -0.741 -0.884 -1.297 -0.662 -0.816 

7 -0.612 -0.756 -1.072 -1.038 -1.258 

8 -0.467 -0.61 -0.528 -1.486 -1.706 

9 -0.308 -0.452 -0.335 -1.08 -1.300 

10 -0.675 -0.819 -1.009 -1.278 -1.498 

11 -0.502 -0.646 -0.521 -1.638 -1.858 

12 1.377 1.234 1.921 -0.461 -0.681 

13 0.447 0.303 1.387 -1.253 -1.472 

14 -0.019 -0.163 0.438 -0.795 -1.013 

15 -0.417 -0.561 -0.834 -1.301 -1.521 

16 -0.787 -0.931 -1.492 -1.932 -2.152 

18 -0.367 -0.511 -1.055 -0.552 -0.772 

19 0.322 0.178 0.888 -0.729 -0.948 

20 -0.713 -0.857 -1.176 -1.21 -1.43 

21 1.284 1.14 2.792 -0.604 -0.823 

22 -0.33 -0.474 -0.708 -0.557 -0.776 

23 -0.035 -0.179 -0.236 -0.702 -0.921 

24 -0.262 -0.406 -0.802 -0.701 -0.921 

25 -0.385 -0.529 -1.487 -0.448 -0.668 

26 0.133 -0.011 0.607 -1.514 -1.734 
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27 -0.047 -0.191 0.104 -1.193 -1.413 

28 -0.791 -0.935 -1.679 -1.853 -2.073 

29 -0.29 -0.433 -0.155 -0.668 -0.887 

30 -0.392 -0.535 -0.297 -1.693 -1.913 

31 0.061 -0.083 0,651 -1.722 -1.942 

32 0.196 0.052 0.327 -0.191 -0.41 

Drain -0.545 -0.689 -1.012 -0.528 -0.747 

Canal -1.043 -1.187 -2.17 -2.043 -2.263 

Malahet Maryut 0.093 -0.051 0.948 -0.226 -0.419 

Sea 0.498 0.355 1.793 -0.475 -0.678 

Rain -0.833 -0.977 -2.321 -3.21 -3.43 

 

Environmental stable isotopes of water: 

The isotopic contents of groundwater samples vary in the range from --0.9‰ to 5.1‰ for O-18 
with an average (2.84‰) and from 14.5‰ to 31.6 ‰ for D with an average (22.64‰). While in surface 
water samples, they range from -4.6‰ to 4.9 ‰ for O-18 with an average (1.706 ‰) and from -16.5‰ 
to 33‰ for D (average 14.9 ‰). This variation may indicate different origins of groundwater and 
variable mechanisms of recharge (Table 6). 

   
Table 6: Stable isotopes results of water samples in the study area. 

 
The relationship between δ 18O and δ D in groundwater samples: 
 

The relationship between δ2H and δ18O for surface water from El-Hammam canal, Al-Nahda 
drain, Maryut lake and seawater is presented for comparison in Figure 15 and Table. 
        As seen from Figure 15, the oxygen and hydrogen isotopic compositions of groundwater samples 
data plot around an evaporation line. They can be distinguished into three groups. Group A (Sample no 
32) that confirms the contribution of Malahet Maryut, group B (samples nos. 12, 18, 20, 29 and 30) 
confirms the contribution of El Nahda Drain and group C (sample no 4) that indicates the effect of El-
Hammam canal. The obvious interference of these samples on the diagram is strong evidence 
confirming the contribution from canal waters and drain waters to groundwater. Canal waters can reach 
the groundwater either directly by seepage and/or indirectly by infiltration during the irrigation. While 
the used drain water in irrigation reaches the groundwater by infiltration only. It is also shown from the 
figure that, the distribution does not fit much with the point of sea water and the local rainfall doesn’t 
effective compared to the canal and drain system. 
 

Oxygen-18 vs. Salinity Relationship: 

       As we have previously seen through the relation between δ18O vs. D and after the insertion of the 
evaporation line, it is not possible from the isotopic data to distinguish between evaporative and marine 
enrichment processes. However, the relatively high TDS and Cl values are evidences of both 
evaporative enrichment and marine influence. 

Ground water No O18 D 

No O18 D 30 4.2 29.4 

2 0.5 16 32 5.1 31.6 

4 2.6 18.6 Surface water 

9 -0.9 14.5 No O18 D 

12 3.4 23.6 El Hammam Canal 2.7 
 

17 
 13 1.8 16.9 EL Nahda drain 3.8 30 

18 3.6 23.4 Mallahet Maryut 4.9 33 

20 4 23.8 Mediterranean Sea 4.9 11 

29 4.1 28.6 Rain (Hamza et al., 2009) -4.6 -16.5 
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The relationship between δ18O and TDS can interpret the geochemical mechanism of groundwater 
caused by the evaporation on the basis that evaporation should increase the isotopic contents as well as 
chloride or TDS. If salinity has occurred because of the dissolution of evaporate salts by rainwater, 
groundwater would have the same content of δ18O or δ2H‰ found in the original rainfall with high 
content of chloride or TDS. On the contrast, recharge from surface water should result in an increase in 
the heavy isotope content and low content of chloride. The relationship between δ 18O and TDS (Figure 
16) reflects two main water types. The first type is water, which is mainly influenced by evaporation 
and to some extent affected by leaching and dissolution of marine salts that lead to salinization. The 
second type is water that diluted by the contribution Canal water into groundwater. 

 

 

 

 

 

 

 

 

 

                                          

  Fig. 15: Oxygen-18 vs Deuterium 

 

Fig. 16: Salinity-δ18O diagram of the studied groundwater and surface water samples. 

Geochemical evolution of groundwater: 
 

Water–rock reaction models developed for this study were constrained by the major-ion 
concentrations (Sodium, Potassium, Magnesium, Calcium, Carbonate, Bicarbonate, Sulphate and 
Chloride) of the surface and groundwater of the study area. Aragonite, calcite, montmorillonite, 
kaolinite, sylvite, gypsum, dolomite and silica minerals were included as phases in NETPATH models 
(Table 7). For water–rock reaction-model simulation to be considered valid, precipitation or dissolution 
of any phase along the proposed flow path could not be greater than 15 mmol/l (Hershey et al., 2007). 
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General flow path of groundwater is from southeast to Northwest Guindy, (1989). The evolution 
of sample no. 13 from four initials (sample No. 9, El Nahda Drain, El hammam canal and Maryuit Lake) 
was studied. As can be seen in Table 7, the hydrochemical composition of sample no.13 is affected by 
the input of sylvite (+ 0.65 mmol/kg H2O), dolomite (+ 0.42 mmol/kg H2O), Na-mont (+ 3 mmol/kg 
H2O) and Ca-mont (+ 3 mmol/kg H2O). While it is affected by the removal of  aragonite (- 1.62 mmol/kg 
H2O) , kaolinite (- 7.03 mmol/kg H2O) and silica (- 8.06 mmol/kg H2O). 

 
Table 7: NETPATH  results for water–rock interactions calculated in mmol/kg (H2O) 
Mineral mmol/kg state 
Aragonite -1.62 (precipitation) 
Kaolinite -7.03 (precipitation) 
Sylvite + 0.65 (dissolution) 
SiO2 -8.06 (precipitation) 
Calcite 0.00 (dissolution) 
Dolomite + 0.424 (dissolution) 
Nacl 0.00 (dissolution) 
Na-Mont + 3 (dissolution) 
Ca-Mont  + 3 (dissolution) 

 

Mass Balance Approach : 
  

Mass balance of groundwater composition was simulated along flow paths running from 
southeast to northwest. In that path, four initial waters were considered: 

The first is Sample no. 9, that represents the Quaternary aquifer which has not been or little 
affected by any other sources. The remaining three initials are El Nahda drain, El Hammam canal and 
Maryiut Lake. The final water is the sample no. 13 in which the proportion of each initial will be 
estimated. The mixing ratio is calculated based on O-18 as well as Cl. The results are tabulated in (Table 
8). 
 
Table 8: NETPATH results of mass transfer (mmol/l) for El Hammam area. 

Initial waters Final water Based on O18 Based on Cl 

9  
13 

32% 34% 68% 16% 
canal 49% 40% 6% 39% 
drain 16% 27% 24% 43% 
Lake 2% 2% 2% 2% 

 
The mixing ratio of initial waters appeared in the final water were calculated based on both Cl 

and O-18. The contribution of well 9, El Hammam canal, El Nahda Drain and  Maryut lake in well no. 
13 (final water) are 16%, 39%, 43% and 2% respectively based on Cl, while their percent recorded were 
34%, 40%, 27% and 2% respectively based on O-18. It is shown from the results that, the contribution 
from Maryut lake and El-Hammam Canal is coincided based on Chloride and ogygen-18 calculations. 
However, it showed little difference with relation to well 9 and big difference with respect to Al-Nahda 
drain water.  

Here we have two assumptions: first, is to exclude the chloride-based calculations, since the 
presence of evaporites in some locations in the study area makes chloride not used as a conservative 
element. Second, are the other factors, such as lithological and structure elements, which either facilitate 
the recharge or act as barriers against it. 
  
Statistical Analysis (Factor analysis): 
 
          Factorial analysis is a statistical method that could be used to identify multivariate 
interrelationships among a large set of variables and to interpret these variables in terms of their 
common underlying dimensions. The statistical approach Includes finding a mean of condensing the 
contained information and variables into a smaller set of factors with least loss of information. Factor 
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loading is the ways of explaining the function every variable plays in interpreting each factor. Factor 
loadings are simply the correlation of every variable and the factor. The correlation matrix (Table 9) 
indicates the most relevant variables defining water quality which are related to water dissolved salts ( 
EC, Ca2+, Mg2+, Na+, Cl-, SO4

2-), and the less relevant one are HCO3, SiO2 and NO3.Loadings indicate 
the degree of correspondence between the variable and the factor; higher loadings make the variable 
representative of such factor (Hair et al., 1998). 
         Rotation method is commonly used to get more simpler and hypothetically more significant factor 
solutions. Commonly, rotation of the factors improves the interpretation by reducing some of the 
uncertainties that commonly accompany the unrotated factors. The unrotated factor solution may not 
offer a significant pattern of variable loadings. 
 
Table 9: Correlation matrix for groundwater samples. 

  pH TDS Ca Mg Na K CO3 HCO3 SO4 Cl SiO2 NO3 

pH 1            

TDS 0.16 1           

Ca -0.11 0.60 1          

Mg 0.04 0.89 0.52 1         

Na 0.19 0.90 0.41 0.90 1        

K 0.28 0.86 0.40 0.88 0.92 1       

CO3 0.09 0.00 -0.10 0.07 -0.12 0.02 1      

HCO3 -0.45 -0.05 0.02 -0.05 -0.14 -0.12 0.18 1     

SO4 -0.03 0.89 0.83 0.87 0.80 0.73 -0.02 -0.03 1    

Cl 0.22 0.87 0.40 0.90 0.99 0.93 -0.16 -0.16 0.76 1   

SiO2 -0.35 0.01 0.06 0.10 -0.03 0.05 0.15 0.23 0.13 -0.08 1  

NO3 -0.17 0.02 -0.04 0.17 0.06 0.14 0.33 -0.01 0.05 0.06 0.26 1 

 

           R-mode factor analysis was applied then rotated on nine variables (EC, pH, Ca, Mg, Na, HCO3, 
Cl, SO4, SiO2, and NO3). Three principal factors F1, F2, F3 were extracted with 75.2% of total data 
variability (Table 10). The first factor typically represents the most relevant process or mix of processes 
that control the hydrochemistry. It has the highest eigen value and accounts for the most high variance 
among factors. 
 

Table 10: Rotated Component Matrix a 

 Component 

 1 2 3 

pH 0.098 -0.852 0.054 
TDS 0.956 -0.043 -0.003 
Ca 0.643 0.329 -0.275 
Mg 0.952 0.018 0.147 
Na 0.947 -0.168 0.002 
K 0.907 -0.214 0.167 
CO3 -0.061 0.018 0.777 
HCO3 -0.069 0.682 0.067 
SO4 0.933 0.191 -0.070 
Cl 0.932 -0.224 -0.016 
SiO2 0.062 0.588 0.390 
NO3 0.085 0.130 0.763 
Extraction Method: Principal Component Analysis. 

a. Rotation converged in 5 iterations. 
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Factor 1 has high positive loadings with EC, Ca, Mg, Na, K, Cl, SO4 and NO3 (>0.5) indicating 
leaching and dissolution of secondary salts (Figure 17).  
The second factor (F2) has high positive loadings with HCO3 and SiO2 (> 0.5), and has low 
positive loading with respect to Ca, CO3 and SO4 (Fig 16).  This is an indicator of silicate 
weathering and/or ion exchange. As for the third factor (F3), it represents the hydrochemical 
effect of leakage from canals and drains to groundwater as it shows high positive loading with 
NO3 and CO3. 

 

 

 

 

 

 

 

 

 

 

 

 

Fig. 17: Loadings of F1 , F2 and F3 with variables. 

Conclusion 

In this study, different factors affecting groundwater quality were studied, such as dilution and 
evaporation processes, as well as the geochemical processes that occur because of the interaction 
between rock and water. To achieve the objective of this research, thirty-two groundwater samples, 
representing the Quaternary aquifer, were collected, as well as other samples representing the different 
surface waters and chemically analysed. 

The Quaternary groundwater is mainly fresh to brackish in character, with TDS ranging from 400 
to 5000 mg/l. groundwater varies from hard to highly hard. The percentage of chloride, sodium and 
sulphate increases with salinity increasing. Generally, the groundwater belongs to the (Na, Ca, Mg)-
SO4 genetic water type, indicating meteoric water genesis mixed with surface water. 
The hydrochemical processes that control the salinization of the studied groundwater have been 
investigated based on the relevant ionic ratios and the chemical equilibrium between water and minerals. 
It revealed that (Na++K+) on one side and (Ca+++Mg++) on the other side are interrelated through reverse 
ion exchange reactions. Leaching and dissolution of marine sediments act with reverse ion exchange 
and silicate weathering processes for modifying groundwater salinity. 

The software package Mass-Balance Model, NETPATH for windows, was used to perform a 
variety of aqueous geochemical calculations including; the saturation indices (SI) of the major mineral 
phases, and to calculate the contribution of surface water into groundwater. 
The saturation indices of the major mineral phases in the investigated groundwater samples show that 
the majority of the water samples were under- saturated with respect to calcite, aragonite and dolomite 
(carbonate minerals) and nearly all water samples were under-saturated for gypsum and anhydrite. Few 
water samples were super-saturated with respect to calcite, aragonite and dolomite. 
Oxygen-18 deuterium relationship confirms the contribution of Malahet Maryut, El Nahda Drain and 
El-Hammam canal to the groundwater. While the relationship between salinity and oxygen-18 showed 
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that groundwater is mainly influenced by dilution, evaporation and to some extent affected by leaching 
and dissolution of marine salts  

Statistical R-mode factor analysis was applied on nine variables (EC, pH, Ca, Mg, Na, HCO3, Cl, 
SO4, SiO2, and NO3); three principal factors F1, F2, F3 were extracted. The first factor has high positive 
loadings with EC, Ca, Mg, Na, K, Cl, SO4 and NO3 (>0.5) indicating leaching and dissolution of 
secondary salts. The second factor (F2) is an indicator of silicate weathering and/or ion exchange. As 
for the third factor (F3), it represents the hydrochemical effect of leakage from canals and drains to 
groundwater. 
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