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ABSTRACT 

Fifteen (15) water samples were collected for chemical analyses and hydrochemical facies, from 

water wells distributed throughout the study area, the analyses have been done at Water and 

Environmental Sanitation Project laboratory (WES) at Al Fashir town. All water samples were 

analyzed, according to standard methods for water examinationby Photometer 7100. Strater 

Demo-4 used for great geological cross-sections, SPSS software for statistical basic analyses 

(minimum, maximum, mean and standard deviation), Aquichem software used for delineate 

hydrochemical facies GIS technique was used to construct water sample location sites. The 

interaction between water and rocks, are changed the original chemical composition of 

groundwater in the area are mainly carbonate dissolution, which affect Ca2+ and HCO3- and 

reverse ion exchange reactions with clay minerals that affect Ca2+, Mg2+ and Na+. Based on 

Stiff Diagram the dominant water type is Ca2+ - Mg2+ - Na+ - HCO3-facies.According to 

results of chemical analysis and recommended values given by (WHO, 2011) and (SSMO, 

2009), the groundwater in the area is excellent and good for domestics uses. 
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1. Introduction: 

Groundwater is the main source of potable water in many parts of the world especially in semi-

arid regions. It is becoming difficult to obtain a supply of potable groundwater for domestic 

purposes, and this is mostly due to contamination as a result of extensive use of chemical and 

biological substances by agricultural and human activities, especially in shallow aquifer recharge 

zones (Ruane et al., 2008). The chemical constituents of groundwater are very much related to 

the soluble products of weathering and decomposition of rocks, and also to changes with respect 

to time and space (Lockwood et al., 2003). Hydrochemistry provides a better understanding of 

possible changes in quality of groundwater (Scherer et al, 2000). 
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2. Description of Study Area: 

The study area (Kassab camp), lies to the north of Kutumtwon about 3 Km and located at latitude 

of 14014/ 16// N, longitude of 24039/ 15// E and altitude of approximately between 1117 and 1112 

m above mean sea level. It covers an area of approximately 2 km2, and according to (OCHA, 

2010) hosts about 23102 IDPs (WES, 2007). Its characterized by sandy clay and sandy soils, 

whereas the clay soils is found around the seasonal wadies such as wadiBowa, is represent the 

main drainage system in the area  (Fadoul and Amana, 2003) (Fig, 1).In the area, the water 

bearing formation is the fractured basement aquifer overlain by alluvium sediments, the initial 

static water level is about 12 m from ground surface and wells depth is about 28 m (NEWTECH, 

2010). The climate of study area is a typical phase of the poor savanna (Ibrahim, 1984). The 

average annual rainfall ranges from 250 mm to 400 mm, and the  rainy  season extends  from  

June  to October,   with  maximum  rainfall  in  middle  August  to  September. The average 

temperature  is  150C  and  it rises  up  to  320 C in  the  summer  season (El Fasher 

Meteorological Station,2017).Geologically, the area is composed of Basement Complex, Tertiary 

Volcanic and Superficial/Alluvium Deposits (Gachet, 2006). The basement rocks are the oldest 

formation in region and can be sub-divided into; Acid gneisses - structurally lower and Meta-

volcanic and Meta-sediments high sheared, and the two types of rocks were intruded by series of 

younger granites cut by numerous quartz veins, and they are mainly composed of biotitic genesis 

invaded by number of undifferentiated syn-late orogenic intrusion (Vial, 1978). Tertiary 

volcanic; two volcanic eruption separated by a period of intensive erosion are identified in 

Darfur. The oldest volcanicity was related to the tertiary and was associated with the formation 

of Jebel Marra, Tagabo and Meidob hills.  The younger volcanics are of quaternary age and are 

restricted to Meidob hills where they cut the previous eruption (Whiteman, 1971). 

Superficial/Alluvium Deposits: in area include the recent alluvium and wadi deposits at and 

along the major seasonal wadies, the colluviums, sand sheets and amalgamated dunes. They are 

composed of coarse to medium sand, gravels and clays of the channel deposits (El Tom et al, 

2009) (Fig, 2 and 3). 

3. Materials and Methods: 

To achieve the objectives of the study several methods were adopted, and these methods include 

both office work and field work. Fifteen (15) samples had been collected from wells (Fig. 1), and 

the pH, EC and TDS were measured directly at the field by pH meter, EC meter and TDS meter, 

respectively, since most properties are subject to drastic changes with time. The concentration of 

major cations and anions were analyzed at the laboratory with standard analytical procedures, by 

Photometer 7100 (Table, 1). GIS technique was used to construct water sample location sites, 

Strater Demo-4 used for great geological cross-sections, SPSS software for statistical basic 
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analyses (minimum, maximum, mean and standard deviation) were applied (Table, 2), and 

Aquichem software used for delineate hydrochemical facies. 

4. Results and Discussions: 

4.1 Results of Chemical Analysis of Water Samples: 

The term of water chemistry refers to the quantities of various materials that are present in a 

water sample, making up its chemical composition. The water chemistry of a groundwater 

reflects the all physical processes and chemical reactions that affected the water from the rainfall, 

infiltrated the soil above the water table and the chemical composition of rocks in the area. 

4.1.1 Hydrogen Ion(pH): 

The pH values ranges from 6.7 to 7.3 with average of 7.1 (Table, 1 and 2), which lie within the 

range of most natural water 6.5-8.5. The spatial distribution of pH reflects that, high value was 

observed at the southeastern, eastern and northern side, whereas, decreasing towards 

northwestern and western side of the area, respectively (Fig, 4). 

4.1.2 Electrical Conductivity (EC): 

The EC in the study area varies considerably between 120 µS/cm and 510 µS/cm with a mean 

and a standard deviation of 271.3 and 111.4 µS/cm, respectively (Table, 1 and 2); about 93% of 

samples have EC concentration less than 500 µS/cm and 7% of them less than 1000 µS/cm. The 

spatial distribution of EC reflects that, high value was appeared at the southern part, and this may 

be attributed to leaching processes along the flow direction, evaporation and human activities, 

while, decreasing toward western side of the area (Fig, 5). 

4.1.3 Total Dissolved Solids (TDS): 

The TDS values are ranging between 80 to 320 mg/l with a mean and a standard deviation of 

173.3 and 71.7 mg/l, respectively (Table, 1 and 2), and the study area has fresh water. The spatial 

distribution of TDS visualized increasing toward southern part of study area, whereas, decreasing 

at samples which taken from the western side of the study area (Fig, 6). 

4.1.4 Total Hardness (TH): 

The samples of the study area could be described as mostly soft to moderately hard water, and 

the concentration of TH varies from 40 to 110 mg/l with mean and a standard deviation of 63.5 

and 23.9 mg/l, respectively (Table, 1 and 2). The spatial distribution of TH reflects that, high 

value was showed at the southern side, and this may be related to natural dissolution and 
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weathering of carbonate mineral, whereas, decreasing towards northwest, western and northern 

part of the area (Fig, 7). 

4.1.5 Sodium (Na+): 

Na+varying between 1 and 27 mg/l with an average of 9.8 mg/l (Table, 1 and 2). The spatial 

distribution of Na reflects that, high value was observed at the southeastern side, whereas, 

decreasing towards eastern and northwest part of the area, respectively (Fig, 8). 

4.1.6 Calcium (Ca2+): 

In the area with minimum value 7.2 and maximum value 33.2 mg/l with an average of 17.7 mg/l 

(Table, 1 and 2). The spatial distribution of Na reflects that, high values were appeared at the 

southwest and southern side, whereas, decreasing toward northern side of the area, respectively 

(Fig, 9). 

4.1.7 Magnesium (Mg2+): 

In the samples of groundwater, ranges from 0 to 9.5 mg/l with a mean value of 5.3 mg/l (Table, 1 

and 2). The spatial distribution of Mg reflects that, high value were showed at the southeast side, 

while, decreasing toward eastern part of the area (Fig, 10). 

4.1.8 Chloride (Cl-): 

The maximum value of Cl- is 18 mg/l while the minimum value is 4 mg/l with an average value 

of 9.3 mg/l (Table, 1 and 2). The spatial distribution of Cl reflects that, high value was visualized 

at the southwest side, whereas, decreasing toward western part of the area (Fig, 11). 

4.1.9 Sulphate(SO4
2-): 

The values in the study area range from 3 to 15 mg/l with mean value of 12.3 mg/l (Table, 1 and 

2). The spatial distribution of SO4 reflects that, high values were found at the northwest, 

northern, southern and southwest part of the area, respectively, while, the lowest value appeared 

in sample which taken from well No. 14, sited at north-east side of northern part of the area (Fig, 

12). 

4.1.10 Bicarbonate (HCO3
-): 

HCO3
- values in the study area between 37 and 90 mg/l with mean value of 58.3 mg/l (Table, 1 

and 2). The spatial distribution of HCO3 reflects that, high value was observed at the eastern part 

of the area, while, decreasing toward northwestern side of the area (Fig, 13). 
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According to results of chemical analysis and recommended values given by (WHO, 2011) and 

(SSMO, 2009), the groundwater in the area is excellent and good for domestics uses. 

4.2 Hydrochemical Facies of Water Samples: 

(Stiff, 1951) constructed a graphical representation of the general chemistry of water, and a 

polygonal shape is created from four parallel horizontal axes extending on either side of a 

vertical axis. Cations are plotted on the left of the vertical axis and anions are plotted on the 

right. Each ion is plotted as a point, and the points are connected to form a polygonal shape. The 

ions are plotted in a consistent order (Na+ across from Cl-, Ca2+ across from HCO3
- and Mg2+ 

across from SO4
2-) so that each polygon becomes signature of that sample. The result of the 

chemical analysis of the specimens has been plotted on the Stiff diagram, which, reveals that the 

water type is Ca2+ - Mg2+ - Na+ - HCO3
- (Fig, 14). 

5. Conclusion: 

The main objectives of the study are to evaluate the groundwater chemistry and delineate the 

hydrochemical facies in study area.  According to results of chemical analysis and recommended 

values given by (WHO, 2011) and (SSMO, 2009), the groundwater in the area is excellent and 

good for domestics uses. According to Stiff Diagram the dominant water type is Ca2+ - Mg2+ - 

Na+ - HCO3
-facies.The interaction between water and rocks, are assumed to change the original 

chemical composition of groundwater in the area are mainly carbonate dissolution, which affect 

Ca2+ and HCO3
- and reverse ion exchange reactions with clay minerals that affect Ca2+, Mg2+ and 

Na+.  
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Table 1: Chemical analysis of groundwater samples in the Study Area 

Sample 

No. 

pH 

unit 

EC TDS TH Na+ Ca2+ Mg2+ Cl- SO4
2- HCO3

- 

µm/cm Mg/L 

1 7.3 350 220 100 27 33.2 4.1 6 5 45 

2 7.3 340 210 60 3.6 8.4 9.5 6 6 60 

3 7.3 380 250 100 1 30.8 5.4 14 14 80 

4 6.7 160 100 58 6 8.4 8.9 6 15 53 

5 6.7 150 100 40 11 11.6 2.7 6 15 40 

6 6.7 120 80 40 11 13.2 1.7 4 14 45 

7 6.9 206 130 40 11 16.8 5.6 14 15 60 

8 7.1 150 90 55 15 11.6 6.3 7 15 70 

9 7.2 343 240 65 21 26 0 12 14 90 

10 7.1 510 320 110 5 33.2 6.6 16 15 70 

11 7.3 250 160 55 11 7.2 8.9 8 14 60 

12 7.1 300 190 75 8 15.2 8.9 18 15 80 

13 7.3 310 190 40 5 13.2 5.3 12 12 45 

14 7 160 100 40 1 8.1 4.1 6 3 37 

15 7.3 340 220 75 10 28.8 0.7 5 13 40 

 

Table 2: Elementary statistics of chemical data of groundwater in the study area 

Statistical Calculation Mean Standard Deviation Minimum Maximum 

pH           (unit) 7.1 0.24 6.7 7.3 

EC           (µm/cm) 271.3 111.4 120 510 

TDS        (Mg/l) 173.3 71.7 80 320 

TH          (Mg/l) 63.5 23.9 40 110 

Na+              (Mg/l) 9.8 7.1 1 27 

Ca2+        (Mg/l) 17.7 9.8 7.2 33.2 

Mg2+       (Mg/l) 5.3 3.1 0 9.5 

Cl-           (Mg/l) 9.3 4.5 4 18 

SO4
2-       (Mg/l) 12.3 4.1 3 15 

HCO3
-     (Mg/l) 58.3 16.7 37 90 
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Fig (1): Groundwater samples location map 

 

Fig (2): Geological map of Study area 
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Fig (3): Geological cross-section of the study area (Note: S.D: Superficial Deposits, W.B: 

Weathered to Basement Complex, F.B: Fractured Basement Complex, and H.B: Hard Basement 

Complex). 

 

Fig (4): Spatial distribution of pHFig (5): Spatial distribution of EC 
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Fig (6): Spatial distribution of TDS                 Fig (7): Spatial distribution of TH 

 

Fig (8): Spatial distribution of Na+                 Fig (9): Spatial distribution of Ca2+ 
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Fig (10): Spatial distribution of Mg2+                 Fig (11): Spatial distribution of Cl- 

 

Fig (12): Spatial distribution of SO4
2-           Fig (13): Spatial distribution of HCO3

- 
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Fig (14): Stiff Diagram of groundwater samples (Ca2+ - Mg2+ - Na+ - HCO3
-) 

 

 

 

 


