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Figure 4: Hydrochemical facies on Piper’s trilinear diagram appear alongside dominant anions, cations and classification water samples

4.3.2 Chadha’s plot 

Chadha Hydrochemical diagram is used to identify the various 
hydrochemical processes. In the present study, 50% of the samples fall in 
field 2 (Ca-Mg-Cl) types of reverse ion-exchange waters. The remaining of 
the samples (50 %) falls in field 3 (Na-Cl) suggesting that the water shows  

typical seawater mixing (Figure 5). The results obtained from Chadha’s 
plot are considered compatible with those obtained from piper diagram. 
Eventually, the results obtained from Piper’s and Chadha’s diagrams 
revealed that the strong acidic anions (Cl-, SO42-) are dominant over the 
weak acidic anions (CO32-, HCO3-) and the hydrochemical facies are Na-K-
Cl-SO4 and Ca-Mg-Cl-SO4 type. 

Figure 5: Chad's Scheme to assess major geochemical processes in the study area 

4.3.3 Drinking water quality index (DWQI) 

The Drinking Water Quality Index (DWQI) for 20 ground water samples 
ranges from 2.71 to 121.94 with an average of 48.73 and standard 
deviation of 36.83. The calculated DWQI classified the groundwater into 
excellent to unsuitable quality based on the data in Table 4. The DWQI 
method appears to be more realistic for assessing water quality at 

sampling stations. The high value of DWQI of these wells has been found 
to be mainly from the higher values of EC, TDS, hardness, sulphate and 
potassium. Accordingly, 35% of wells water falls in the excellent water 
quality and 20% falls in the good water quality. On the other hand, about 
15 % of water samples are falling in poor quality while 20 % are in very 
poor range. Two samples only (10%) are unfit for drinking purpose 
(Tables 1, 4 and Figure 6).  

LEGEND 
Hydrochemical Facies 
(I) Ca2+-Mg2+-Cl-SO42- 
(II) Na+-K+-C --SO42- 
(III) Na+-K+-HCO3- 
(IV) Ca2+-Mg2+-HCO3- 
Water Type 
1. (Ca+Mg) > (Na+K)
2. (Na+K) > (Ca+Mg)
3. (CO3 +HCO3) > (SO4 + Cl)
4. (SO4 + Cl) > (CO3 +HCO3)
5. HCO3 -CO3 and Ca-Mg
(Temporary hardness) 
6. SO4-Cl and Ca-Mg
(permanent hardness) 
7. SO4-Cl and Na-K
(Saline) 
8. HCO3-CO3 and Na-K
(Alkali carbonate) 
9. Mixing zone
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Table 4: Classification of groundwater samples based on Piper trilinear diagram 

Class Groundwater types /characteristics of corresponding subdivisions of diamond-
shaped fields 

Samples in the category 
No. of samples % 

(I) Ca2+- Mg2+- Cl- - SO42- 10 50 
(II) Na+- K+- Cl- -  SO42- 10 50 
(III) Na+-  K+- HCO3- -- -- 
(IV) Ca2+- Mg2+- HCO3- -- -- 
1. Alkaline earth (Ca + Mg) exceed alkalies (Na + K) 10 50 
2. Alkalies exceeds alkaline earths 10 50 
3. Weak acids (CO3 + HCO3 ) exceed strong acids (SO4 + Cl) -- -- 
4. Strong acids exceeds weak acids 20 100 
5. HCO3-CO3 and Ca-Mg (temporary hardness); magnesium bicarbonate type (carbonate

hardness exceeds 50 %) 
-- -- 

6. SO4-Cl and Ca-Mg (permanent hardness); calcium chloride type (non-carbonate 
hardness exceeds 50 %) 

6 30 

7. SO4-Cl and Na-K (saline); sodium chloride type (non-carbonate alkali exceeds 50 %) 10 50 
8. HCO3-CO3 and Na-K (alkali carbonate); sodium bicarbonate type (carbonate alkali

exceeds 50 %) 
-- -- 

9. Mixing zone (no one cation–anion exceed 50 %) 4 20 

Figure 6: Water quality index (WQI) values for drinking water samples 

4.3.4 Statistical analysis 

Table 5: Water quality classification based on WQI limits for drinking 

proposes 

WQI 
value 

Water quality 
No. of water 
samples 

% of water 
samples 

0-25 
Excellent water 
quality  

7 35 

25-50 
Good water 
quality 

4 20 

50-75 
Poor water 
quality 

3 15 

75-100 
Very poor water 
quality 

4 20 

> 100 Unfit for drinking 2 10 

The degree of linear correlation between any two water quality 
parameters and with DWQI measured by a simple correlation coefficient 
(r) is showed in Table 5. DWQI showed highly significant interrelated with 
the values of EC (r = 0. 834**), TDS (r = 0.835**), TH (r = 0.774**), Ca2+ (r 

=0.617**), Mg2+ (r = 0.760**), Cl- (r = 0.781**) SO42-(r 0.690**) and significant 
interrelated with the values of pH (r = 0.546*), Na+ (r = 0.525*), K+ (r = 
0.528*). The highest r value between DWQI and other parameters and ions 
indicate that the DWQI value affected by these ions and parameters. The 
correlation coefficients of the pH of the groundwater and that of the Cl- are 
highest positively correlation (r = 0.568**).  

Also, a strong positive correlation and highly significant was found 
between EC and TH, Mg2+, SO42-Ca2+, Cl- and K+ with r values of 0.982**, 
0.959**, 0.921**, 0.809**, 0.779**and 0.484*, respectively. Since, it was 
observed that the TDS or ECw were controlled by total hardness (r = 
0.982**), magnesium (r = 0.959**), Sulphate (r = 0.921**), chloride (r = 
0.779**) and potassium (r = 0.484*).  

Total hardness shows highly correlation with Mg2+, SO42-, Ca2+, Cl- and K+ 
with r values of 0.990**, 0.908**, 0.761**, 0.754** and 0.452*, respectively. 
The contents of Ca2+, SO42-, Mg2+ and Na+ are positively correlated with 
correlation coefficients of 0.906**, 0.661**, and 0.455*, respectively. The 
good correlation between calcium and sulphate suggests that a part of the 
SO42- and Ca2+ may also be derived by the weathering of calcium sulfate 
mineral (CaSO4). A close correlation was noted between magnesium and 
sulphate, chloride and potassium (r = 0.853**, 0.795**and 0.481*, 
respectively) suggests also, that a part of the SO42- and Ca2+ may be derived 
by the weathering of magnesium sulfate mineral (MgSO4). The 
relationship between K+ and Cl- and between Cl- and SO42-concentrations is 
characterized by a relatively low correlation coefficient (r = 0.497* and 
0.479**). It was observed that sodium was not correlated with any ions. 
Also, HCO3- was not correlated with other ions.  

Generally, to insure the suitability of groundwater for drinking purposes 
the obtained geochemical parameters of the groundwater of the study area 
were compared with the guidelines recommended by WHO (traditional 
method) and DWQI which indicate that most of the groundwater samples 
of the study area were suitable for drinking purposes. When comparing 
the two methods (WHO and DWQI), the results showed that no significant 
variation was found between them. However, the accuracy of the results 
obtained by the DWQI method was higher and more realistic than the 
results of the traditional method (WHO). 

4.4 Groundwater quality for irrigation  

The quality of groundwater is importance for irrigation in arid and semi-
arid areas. In order to determine the suitability of groundwater in the 
study area for irrigation, the following was discussed (Tables 6 and 7): 
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Table 6: Correlation coefficient matrix of water quality parameters and DWQI for study samples 

Paramete
r 

pH EC TDS TH Ca Mg Na K HCO3 Cl SO4 DWQI 

pH 1.00 

EC 0.238 1.00 

TDS 0.240 1.00** 1.00 

TH 0.221 0.982** 0.982** 1.00 

Ca -0.088 0.809** 0.809** 0.761** 1.00 

Mg 0.273 0.959** 0.959** 0.990** 0.661** 1.00 

Na 0.196 0.424 0.424 0.253 0.455* 0.192 1.00 

K 0.321 0.484* 0.484** 0.452** 0.189 0.481** 0.398 1.00 

HCO3 0.267 -0.330 -0.329 -0.296 -0.241 -0.291 -0.272 -0.155 1.00 

Cl 0.568** 0.779** 0.779** 0.754** 0.352 0.795** 0.431 0.497* -0.254 1.00 

SO4 -0.40 0.921** 0.921** 0.908** 0.906** 0.853** 0.348 0.407 -0.326 0.479* 1.00 

DWQI 0.546* 0.834** 0.835** 0.774** 0.617** 0.760** 0.525* 0.528* -0.083 0.781** 0.690** 1.00 

** Correlation is significant at the 0.01 level 

* Correlation is significant at the 0.05 level

Table 7: Suitability of groundwater for irrigation based on several classifications 

Quality of parameters Range Type of water 
No. of 
samples 

% of 
samples 

ECW (µS/cm) 

100 - 250 Excellent 9 45 
250 - 750 Good 5 25 
750 - 2250 Doubtful 4 20 
> 2250 Unsuitable 2 10 

Soluble sodium percentage (%) 

0 - 20 Excellent 4 20 
20 - 40 Good 2 10 
40 - 60 Permissible 10 50 
60 - 80 Doubtful 4 20 
> 80 Unsuitable -- -- 

SAR (epm) 

0 -10 Excellent 20 100 
10 - 18 Good -- -- 
18 - 26 Doubtful -- -- 
> 26 Unsuitable -- -- 

Permeability index (%) 
< 25 Safe 5 25 
25 - 75 Moderate 11 55 
> 75 Unsafe 4 20 

Kelly's Ratio (epm) 
< 1 Safe 12 60 
> 1 Unsuitable 8 40 

Magnesium Adsorption Ratio (%) 
< 50 Suitable 11 55 
> 50 Unsuitable 9 45 

Potential Salinity (epm) 
< 5 Excellent to good 14 70 
5 - 10 Good to Injurious 2 10 
> 10 Injurious to Unsatisfactory 4 20 

4.5 The traditional method  

4.5.1 Electrical conductivity (EC)  

The electrical conductivity is or TDS a good measure of how salinity hazard 
is to soil or crops [35]. The EC data showed that 45% of the groundwater 
was excellent, 25% of the groundwater was suitable for irrigation, and 
20% was questionable in irrigation. On the other hand, only 10% of the 
groundwater samples were not suitable for irrigation. This indicates the 
filtration and solubility of salts in the surface aquifer in the studied area. 

4.5.2 Sodium adsorption ratio (SAR) 

Sodium adsorption ratio (SAR) values range from 0.16 to 4.48 with an 
average of 1.81 and a standard deviation of 1.12. SAR is a measure of the 
alkaline / sodium of water and how dangerous it is for crops. 
Consequently, all the groundwater samples have excellent SAR values and 
acceptable for irrigation. 

4.5.3 USSL diagram 

The sodicity and ECw hazard diagram of the US salinity scheme [36] was 
used. The SAR (sodicity) was plotted against the EC (salinity) and the 
irrigation water samples were divided into categories (Figure 7). The USSL 
plot indicates that 45% of the groundwater samples were in C1-S1 class 
(low salinity low sodium type) and 25% of the samples were in C2-
S1class (medium salinity and low sodicity). This indicates that the 
groundwater in the study area has low to medium salinity with low 
sodium content and can be used for irrigation on each type of soil. About 

20% of groundwater samples are fall in C3-S1, indicating high salinity 
and low sodicity type. Only 10 % falls in the very high salinity to low 
sodicity category (C4-S1). This type of water can be used to irrigate 
tolerant crops under favorable drainage conditions without danger of 
exchangeable sodium. 

Figure 7: Evaluation of the quality of irrigation water in the study area 

using the USSL (1954) 
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4.5.4 Soluble sodium percentage (SSP) 

The values of soluble sodium percent (SSP) range from 9.59 to 70.81% 

with an average value 44.73% and standard deviation of 18.82%. Sodium 
hazard was an important factor in irrigation water quality. The results 
revealed that 20% of SSP in groundwater samples fall in the excellent 
category, 10% fall in good and 50 % fall in permissible category. While the 
remaining 20% is of SSP groundwater samples fall in the doubtful water 
quality for irrigation. 

4.5.5 Wilcox’s Diagram  

The percentage of sodium and electrical conductivity plotted on the 
Wilcox scheme indicates that 70% of the groundwater samples in the 
study area were excellent to good class, 15% was good to permissible 
category and 15% were in the permissible to doubtful category (Figure 8). 
Consequently, most of the groundwater samples were suitable for 
irrigation. 

Figure 8: Classification of irrigation water quality, with respect to total 

salt concentration and sodium present 

4.5.6 Kelly's Ratio (KR)  

Kelly's ratio (KR) values vary between 0.08 and 2.19 meq/l with an 
average value of 0.88 meq/l and standard deviation of 0.61 meq/l. 
According to Kelley’s Ratio (KR), water containing less than one is 
considered suitable for irrigation, while those containing more than one 
are considered unsuitable for irrigation. The data showed that 60% 
Kelley’s ratio (KR) values for the groundwater of study area were less than 
1 and indicate good quality water for irrigation while remaining (40%) 
was more than 1 which indicated unsuitable water quality for irrigation.  

4.5.7 Permeability Index (PI) 

The permeability index (PI) values in the study area vary from 8.56 to 
86.86% with an average value of 52.75% and standard deviation of 
25.84%. It is another indicator of the suitability of groundwater for 
irrigation. The results of PI of groundwater reveal that 25% of the 
groundwater samples fall in safe category and 55% are moderate for 
irrigation purpose. On other hand, 25% of the groundwater samples are 
unsafe for irrigation purpose.  

4.5.8 Doneen diagram 

Doneen’s scheme is use to assess the quality of irrigation water and to help 

assess the potential impacts of groundwater from the study area on soil 

hydraulic properties when used in irrigation. Doneen’s scheme (Figure 9) 

showed that 95% of the groundwater of the study area were in the first 

and second categories, indicating that most of the groundwater samples 

were suitable for irrigation, with the exception of one sample (5%) falling 

in the third category which is not suitable. 

Figure 9: Doneen’s diagram for classification of groundwater quality in 

study area 

4.5.9 Magnesium Adsorption Ratio (MAR) 

The magnesium adsorption ratio (MAR) value ranged from 22.22 to 
95.41% with an average value of 51.87% and a standard deviation of 
20.19%. MAR is anticipated of the risk of using high magnesium in water 
and the soil, resulting in poor crop production. In the study area, 55% of 
the collected samples showed that the MAR ratio was less than 50% 
(suitable for irrigation) while 45% was falls in the inappropriate category 
more than 50% which may have adversely affect cultivated soil and crop 
production. 

4.5.10 Potential Salinity (PS) 

The potential salinity (PS) values of the study area vary from 0.65 to 16.02 
meq/l with an average value of 5.26 meq/l and standard deviation of 5.41 
meq/l. The high values of PS above the critical level of 5 meq/l where due 
to the higher concentration of Cl and SO4 ions in the groundwater may 
have negative effects on the plant and soil. Accordingly, 70% of the 
samples of the study area were excellent to good, 10% are good to 
injurious and 20% are injurious to unsatisfactory for irrigation. 

4.5.11 Irrigation water quality indices (IWQI)  

Table 8: Grads of Water Quality Index (WQI) for irrigation proposes 

WQI value Water quality 
No. of water 
samples 

% of water 
samples 

> 50 Excellent 3 15 
50-100 Good 17 85 
100-200 Doubtful -- -- 
200 - 300 Permissible -- -- 
>300 Unsuitable -- -- 

The computed IWQI values range from 33.68 to 74.57 with an average 
value of 60.41 and standard deviation of 11.33. Irrigation Water Quality 
Index (IWQI) results were presented in Table 8.  The various parameters 
such as EC, SAR, SSP, PI, MAR, KR and PS were considered to assess the 
ground water quality for irrigation. The indices value summed, then 
classified into excellent to unfit groundwater quality. The results in Table 
8 and Figure 10 revealed that 15% of IWQI of the sample fall in excellent 
water quality and therefore it can be used for irrigation purposes. On other 
hand, most of the samples (85 %) were of good water quality which can be 
also, used for irrigation purposes. Figure (11) illustrated the comparison 
between Drinking Water Quality Index (DWQI) and Irrigation Water 
Quality Index IWQI. 
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Figure 10: Water quality index (WQI) values for irrigation water samples 

Figure 11: The comparison between Drinking Water Quality Index 

(DWQI) and Irrigation Water Quality Index IWQI 

4.5.12 Statistical analysis 

The correlation matrix of the 8 parameters analyzed (EC, SSP, SAR, MAR, 
PI, KR, PS and IWQI) given in Table 9 allows to distinguish high correlation 
coefficients, which indicate several relevant parametric relationships. The 
good positive correlation between EC with PS and MAR (r = 0.984** and 
0.759**). Also, highly negative correlation between EC and PI, SSP and KR 
(r = - 0.812**, - 0.771**and - 0.533*, respectively). SSP shows highly 
correlation with KR, PI and SAR with r values of 0.857**, 0.737**and 0.524*, 
respectively. It was also observed that the negative correlation between 
SSP with PS and MAR (r = - 0.767** and - 0.728**). The relationship between 
SAR and PI values is characterized by a relatively low positive correlation 
coefficient (r = 0.523*) and negative correlation coefficient with MAR (r = 
- 0. 519*). The high correlation observed values between MAR and PS (r = 
0.805**). The relationship between MAR with PI and KR is negatively (r = - 
0.730** and - 0.628**). A close positive correlation noticed between the PI 
and KR (r = 0.559*) and negative correlation (r = - 0.818**) between the PI 
and PS. The correlation coefficients of the KR and that of the PS is 
moderately negative correlation (r = - 0.559*). There is no correlation 
between computed IWQI and other parameters except KR has correlation 
coefficients 0.509*.  

In general, to verify the suitability of groundwater for irrigation purpose 
the different parameters (traditional method) and IWQI were used for the 
study area, which indicated that most of the groundwater samples of the 
study area were suitable for irrigation purpose. The results showed that 
when comparing the two methods, there was a slight difference between 
them. 

5. CONCLUSION

In the present study, interpretation of hydrochemical analysis reveals that 
the groundwater samples of the study area indicate that water is nature 
(pH around 7). The electrical conductivity values, total dissolved solids 
values total hardness of Wadi Al-Hayaa groundwater were found almost 
to be permissible limit of WHO. The order of the concentrations of the 
major cations and anions in the groundwater of Wadi Al-Hayaa were Na > 
Ca > Mg > K and SO4 > Cl >HCO3. In the Gibbs’ diagram the cations and 
anions fall within the zone of the country rocks. The samples of the area 
fall in subfield of Na-K-Cl-SO4 (saline type) and Ca-Mg-Cl-SO4 (sulfate type) 
of hydrochemical facies according to Piper trilinear diagram and Chadha’s 
plot. The groundwater of the study area was chemically suitable for 
drinking uses according to WHO (traditional method). While, DWQI 
revealed that 35% of the samples were excellent water quality and 20 % 

were good for drinking. However, 15, 20 and 10 percentages of samples 
were poor, very poor and unfit for drinking, respectively. Such waters are 
not suitable for drinking purposes under normal condition and further 
action for salinity control is required. The high value of DWQI at these sites 
has been found to be mainly due to the higher values of TDS, EC, K+, Mg2+, 
SO42- and TH. When compared between the traditional and DWQI methods, 
it was not found much varied between them. Based on the water quality 
parameters analyzed like EC, SAR, SSP, MAR, PI, KR and PS (traditional 
method), the suitability of groundwater samples for irrigation was 
excellent to good in most cases, indicating low saline and sodic water. For 
calculating the IWQI, the results show that 15% of water sample falls in 
excellent categories and 85% falls in the good water category. The results 
also showed that, when comparing between the traditional and IWQI 
methods, it was found little varied was found between them. Therefore, 
the results were concluded, that the study area groundwater quality was 
in general suitable for irrigation. 
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