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Abstract: 

     Chemical analysis of groundwater samples taken from old and new wells, there were 

(30) new wells sampled in the studied area besides the information of  60 old wells (data 

bank wells- Ministry of Water Resources), showed that the groundwater was not 

suitable for drinking and industry but it is suitable for animal watering, building and 

most types of summer and winter crops because the salinity of the water is within the 

permissible limits when considering the nature of the soil. The best water quality in 

Umm Er Radhuma aquifer is found in the recharge zone at the western edge of the 

aquifer where it is recharged by Wadi Horan. The  groundwater TDS value ranges 

between (1000 – 2000) ppm, increasing with the flow direction toward the east and the 

northeast until  it attains a value  of about 5000 ppm in the discharge zone in the east 

part of Umm Er Radhuma aquifer. 

 

 :الخلاصة

مةيذذذة  بحذذذل( 30ك ) ذذذللآبذذذتل ل مةي ذذذ  نل مةيذذذة    ئت  عيئذذذتت ل  يذذذتف ل من يذذذ   ذذذ  أخذذذنت ئجذذذتحل ل جلكيذذذئ ل  ي يذذذتح       
(  نزلل  ل  ذنللة ل  تحيذذ  -للآبذتلبحذل  دذةي   )بئذذك  عكن ذتت  (60)  إضذذت  إ إ ذع  عكن ذتت  ذ  ل  ئقمذ  ل  ةلن ذ  لخجيذلت

ج ذذجخة   كذذل  ن  تت نل بئذذتءل لينلئذذ للنلء ئت ذذب    نمذذةت ريذذل ةذذت ل   نذذل  للئ ذذت  نل ةذذئت     ئ ذذت يذذ ل  يذذتف ل من 
بئظذذذل   ئذذذة للأخذذذن ل   ذذذ نه ب ذذذت  ضذذذ   ل لذذذةنة  لأ   كنلذذذ   ل  ذذذتء ل نذذذجني ن   أئذذذنلا  ل  لتةذذذيئ  ل ةذذذي ي    خجكذذذ 

 يذتف  ذ     ذ  أ  ألضذ   ينمذة  ذ   ئذتقي ل جدنيذ   ئذة ل لت ذ  ل دلبيذ   ك   ذ   أ ضذئ ئن يذ  للا جبتل قبيع  ل جلب  
 كد / جذل  (2000-1000)بذي للأ ذحه ل ةذكب  ل  نلبذ   دي ذ   ليث يجدذن     ذ  أ  ألضذ    ذ  نلة  لذنلل   ججذللنه

  كد / جذل(5000) لذنل   جةذئ إ ذعلجذع   ل نذلدي  ل نذ ت ي   ئقمذ  ئلن ل نذلي  نل نجزةلة  نف ل ئ ب  بتجمتف ل مليت  

 .   ل مزء ل نلد        أ  ألض  ئقتي ل جةلي     
 

Introduction:                                                                              

     The studied area is located between the Euphrates river and the Saudi Arabian 

borders, it forms about (151,834) km
2
 of the Iraqi Western Desert covering Umm Er 

Radhuma geological formation inside Iraq, (Figure 1).  

 

 ــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــ

  للباحث الأول أطروحة دكتوراهمستل من  ـــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــ
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Figure (1) Location map 

 

        The quality of groundwater is of nearly equal importance to quantity. The quality 

required of groundwater supply depends upon its purpose, thus, the needs for drinking 

water, industrial water, and irrigation water vary widely (Todd, 1980). The study of 

groundwater quality involves a description of the occurrence of its various constituents 

and the relation between these constituents to the materials which exist in the aquifer. 

The data on groundwater quality give important clues to the geological history of the 

rocks and indications of groundwater recharges, discharges, movement, and storage 

(Walton,1970).   There are (30) new wells sampled in the studied area and besides the 

information of  60 old wells (data bank wells) as shown in Figures (2), (3). 
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Figure (2) Locations of the water samples of the old wells in the studied area    

 

 

 

 

 

 

 

 

     Figure (3) Locations of the water samples of the new wells in the studied area 

Physical analysis of water samples:                                                                                                              

-Electrical Conductivity (EC):                                                                                                                            

     The (EC) values of water samples were as in table (1).  
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Table (1) The (EC) values of water samples for the old and new wells 

 

New wells Old wells EC(s/cm) 

Wet period 

(April) 

Dry 

period(October) 

1235 - 7280 7790 - 1445 1425 - 5370 Range 

2783.8 3058.2 2818.98 Average 

3000 - 4000 2000 - 3000 The most 

repeated 

      

     The (EC) values of the wet period are slightly lower than the dry period due to 

dilution process by rainfall. 

     When comparing EC values , Table (1), with those of Table (2) it could be concluded 

that the type of groundwater in the studied area is excessively mineralized. Figures 

(4),(5) show the distribution of EC in the studied area. 

               

Table (2) Relationship between electrical conductivity and water mineralization 

(Detay, 1997). 

 

 

 

 

 

 

 

 

 

 

 

 

-Dissolved Solids (TDS):                                                                                                   

     According to, Altoviski, 1962; Drever, 1997; and Todd, 2007, the classification of 

water on the basis of the (TDS) is shown in Table (3): 

 

 

 

 

 

 

EC (µc / cm) Mineralization 

<100 Very Weakly Mineralized 

water 

100-200 Weakly Mineralized water 

200-400 Slightly Mineralized water 

400-600 Moderately Mineralized water 

600-1000 Highly Mineralized water 

<1000 Excessively Mineralized water 
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Table (3) Classification of water salinity according to (TDS) in (ppm). 

 

Altoviski(1962) Drever(1997) Todd(2007) Water Class 

0-1000 <1000 10-1000 Fresh Water 

1000-3000 1000-2000 ----- Slightly brackish Water 

3000-10000 2000-20000 1000-10000 brackish Water 

10000-100000 ------ 
10000-

100000 
Salty Water 

---------- 35000 ---- Saline Water 

>100000 >35000 >100000 Brine Water 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure (4) shows the distribution of EC in the unconfined aquifer during  

the dry period 

 

 

 

 

 

 

 

 

 

 

 

 

Figure (5) shows the distribution of EC in the unconfined aquifer during 

 the wet period  
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The (TDS) values of water samples were as in Table (4). 

   

                   Table (4) The (TDS) values of water samples for the old and new wells 

 

New wells Old wells TDS (ppm) 

Wet period 

(April) 

Dry 

period(October) 

1050 - 5870 6000  - 1090 1028-4401 Range 

2002 2161.17 2282.2 Average 

2000-3000 2000 - 3000 The most 

repeated 

    

     When comparing the values of (TDS) ,Table (4) for wells within the classifications, 

Table (3), we notice that all water samples are considered to be slightly brackish water. 

Figures (6) and (7), show the distribution of TDS in the studied area. 

    Salinity increases to the east as well as the south eastern part of the studied area due to 

the dissolving as a result to the movement of the water towards the discharge area. 

Salinity decreases through the wet period, because the dilution of water by rainfall. 

- pH:                                                                          

     The pH values of water samples were as in Table (5).  

 

               Table (5) The (pH) values of water samples for the old and new wells 

 

New wells Old wells pH 

7.08-8.8 6.9-8.2 Range 

7.7 7.78 Average 

 

Chemical analysis of water samples:                                                                                        

- Major Cations : 

1-  Sodium Ion (Na
+
):                                                                                

    The sodium ion (Na
+
) concentration of water samples is shown in Table (6), 

   

       Table (6) The (Na
+
) concentration in water samples for the old and new wells 

 

New wells Old 

wells 

Na
+
 (ppm) 

Wet period (April) Dry period(October) 

42  - 948 1000  - 72 48-529 Range 

299.87 347.97 166.3 Average 

200-300 100-

200 

The most repeated 
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     The decrease of Na concentrations in wet period is due to the dilution process by 

rainfall. 

 
  

 Figure (6) the distribution of TDS in the unconfined aquifer during the dry period 

 

 
   

Figure (7) The distribution of TDS in the unconfined aquifer during the wet period 

 

2- Calcium Ion (Ca
+2

):                                                                                                                                                                  

     The calcium ion (Ca
+2

) concentration in water samples is shown in Table (7).                                     
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Table (7) The (Ca
+2

) concentration of water samples for the old and new wells 

 

New wells Old wells Ca
+2

 (ppm) 

Wet period 

(April) 

Dry 

period(October) 

34  - 375 389  - 38 92-656 Range 

155.73 170.5 349.37 Average 

200-300 100-200 The most 

repeated 

 

3. Magnesium Ion (Mg
+2

):                                                                                                  

     The magnesium ion (Mg
+2

) concentration of water samples is shown in Table (8). 

    

Table  (8) The (Mg
+2

) concentration of water samples for the old and new wells 

 

New wells Old wells Mg
+2

 (ppm) 

Wet period 

(April) 

Dry 

period(October) 

12  - 198 198  - 14 31-298 Range 

68.03 74.93 130 Average 

14-100 100-200 The most 

repeated 

 

-Major Anions: 

1- Chloride Ion (Cl
-
):                                                                                                                 

          The chloride ion (Cl
-
) concentration of water samples is shown in Table (9).  

                                        

         Table (9) The (Cl
-
) concentration of water samples for the old and new wells 

 

New wells Old wells Cl
-
 (ppm) 

Wet period 

(April) 

Dry period 

(October) 

75  - 1050 117-1096 31-746 Range 

404.5 463.07 273.83 Average 

450-550 200-300 The most 

repeated 

                                

2-  Sulfates Ion (SO4
-2

):                                                                                                                                                                             

     The Sulfates ion (SO4
-2

) concentration of water samples is shown in Table (10) .      
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   Table (10) The (SO4
-2

) concentration of water samples for the old and new wells 

 

New wells Old wells SO4
-2

 (ppm) 

Wet period 

(April) 

Dry 

period(October) 

65  - 1307 110-1350 278-2225 Range 

546.2 613.03 1211.43 Average 

500-600 1100-1200 The most 

repeated 

 

     The source of sulfate ion in studied area, is from the dissolving of evaporates rocks. 

The decrease of sulfate ion during  the wet period is due to dilution process by rainfall 

and change of distribution of evaporates rocks in the basin. 

3-  Bicarbonates Ion (HCO3
-
):                                                                                            

     The bicarbonate ion (HCO3
-
) concentration of water samples is shown in Table (11).    

    

Table (11) The (HCO3
-
) concentration of water samples for the old and new wells 

 

New wells Old wells HCO3
-
 (ppm) 

Wet period 

(April) 

Dry 

period(October) 

14  - 811 824  - 24 61-275 Range 

210.83 223.47 136.18 Average 

200-300 100-200 The most 

repeated 

 

Groundwater Origin:                                                                                                                  

      The results of the hydrochemical coefficients representing (90) selected wells (60 

samples are old and 30 samples are new) indicate that most of the water samples is of 

marine origin, and indicated that the hypothetical salt facies are   magnesium chloride 

MgCl2 in  35 of 60 wells for the old group of wells. It is believed that these facies are 

inherent in the groundwater of sedimentary basins. These basins have suffered from 

incomplete reduction to form hydrocarbons. (Fetter, 1980). For 24 well samples among 

the group of the old wells the ratio of (rNa / rCl) was greater than one, hence the 

hypothetical salt was sodium sulfate (Na2SO4).                                                                       

For the  group of new wells, (23) well samples out of (30) show that the groundwater is 

of continental origin and that the hypothetical salt  is sodium sulfate (Na2SO4) since most 

of this group of samples are located in the recharge  zone area.                                                                 



 Al-Fatlawi. and  . Al-Kubaisi        Euphrates Journal of Agriculture Science-4 (1): 1-14 , (2021)  

11 
ISSN 2072-3875 

     It seems that groundwater of marine origin had suffered from changes in its 

concentration of ions after deposition as a result  of mixing with rain water penetrating 

from the surface to the groundwater, through the faults and the fractures. The unconfined 

aquifers that was previously dynamic, have become isolated under impermeable cover 

causing them to be confined aquifers which can't be recharged from rain water directly. 

However  recharge may be possible through the outcrop of  the same layer appearing in 

another area.                                This condition is not absent in the studied area, since 

Umm Er Radhuma formation outcrops in the western part of the  studied area near the 

international border with Saudi Arabian and became confined towards the Euphrates 

river. 

                                    

-  Hydrochemical  classification :                                                                         

     (Schoeller, 1972) method was chosen due to the fact that it gives a clear idea of the 

sedimentation environment of Umm Er Radhuma  formation  and  the processes that have 

changed  the ionic concentration of water.  

     Depending on this classification, the quality of water in most of the selected samples 

are from the family of (Ca-SO4) for the old wells (51 from 60 wells), while for the new 

samples the quality of water are from the family of (Na-Cl) in (15) samples and from the 

family      (Na-SO4) in (14) samples.                                                   

Groundwater Suitability for different purposes:                                 

   - Groundwater suitability for human drinking:                                                         

     For the purpose of evaluating the suitability of groundwater of  Umm Er Radhuma 

aquifer for human drinking,  Iraqi Drinking Water Standards (IDWS, 2001) and  the 

international specifications standard (WHO, 2007) were used to determine its usability 

for drinking purposes.                                                                                         

      It could be concluded that the groundwater of Umm Er Radhum aquifer according to 

the values of  the representative wells, is not suitable for human drinking.  

-Groundwater uses for livestock:                                                                   

     (Altoviski, 1962),(Crist and Lowery,1972) and (Ayers & Westcot, 1994) criteria were 

used to determine its usability for livestock and poultry and it seems that:  

1. Groundwater of  Umm Er Radhuma  aquifer is good for animal watering according to 

(Altoviski, 1962).  

2. It is good for all types of animals and weak for poultry according to  (Crist and         

Lowery, 1972).  

3.  It is very satisfactory for all types of livestock and unfit for Poultry, according to the 

classification given by (Ayers & Westcot, 1994).  

- The suitability of groundwater for irrigation purposes:                                       

     Ayers and Westcot (1989) and Don (1995), classifications have been applied to 

determine the suitability of groundwater in the studied area for irrigation purposes. By 

comparing these classifications with the hydrochemical concentrations of the 
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groundwater samples, we identify the followings:                                                                

                   

1-  Electrical Conductivity (EC):  

According to the EC values for the group of old wells in Umm Er Radhum aquifer the EC 

of  23 wells out of 60 old wells have exceeded 3000   μmohs / cm, while 14 wells for the 

dry period and 10 wells for the wet period  out of  30 new wells have exceeded the same 

value above.                                                                                                              

     EC is the main indicator of salinity, the suitability of the groundwater of this aquifer 

for irrigation is marginal. Some wells seem to pass over the higher suitability limit.  

2-  Total dissolved solids (TDS):  

     According to TDS values for the group of the old wells in Umm Er Radhum aquifer 

the TDS of  39 wells out of 60 old wells had exceeded 2000  ppm, while 14wells for the 

dry period and 11 wells for the wet period  out of  30 wells had exceeded the same above 

value.     

3- Cations:  

all groundwater samples lie in the permissible limits for (Na
+
), while the values of 

(Ca
+2

, Mg
+2

)  for the old and new wells had exceeded the limit value.  

4- Anions:  

all groundwater samples lie in the permissible limits for the   new wells, while for the 

old wells the value of (SO4
-2

) for 32 wells out of 60 wells had exceeded the limit value. 

5- Miscellaneous: 

 All the samples of groundwater of the studied area came within the permissible limits 

regarding pH. 

6-  Sodium Adsorption Ratio :   

     The results compared with  limits indicate that all values of the wells fall within the 

permissible limit. 

7-  The percentage of sodium (Na%):    

     The results of  Na%  of Umm Er Radhuma aquifer compared with the  suggested 

limits reveal that all values of wells fall within the permissible limit, with the exception 

of six of the new wells which fall within the doubtful limit.  

-Groundwater suitability for industrial purposes:                                           

     Requirements for the quality of water used in different industrial processes are 

different and almost every industrial application have its own standards (Hem, 1991).       

     The results of comparing the quality of Umm Er Radhuma aquifer to these suggested 

limits  show that groundwater is  not suitable to all types of industries. 

- Groundwater suitability for building purpose:                       

     The classification suggested by (Altoviski, 1962) has been adopted to be compared 

with the quality of the groundwater of Umm Er Radhuma aquifer. The comparison 

indicates that groundwater is suitable to be used for building purposes. 
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Conclusions : 

    These results were as follow: 

- (EC) values of water samples for the new wells range from (1445 μmohs/cm) to (7790 

μmohs/cm) with an average value (3058.2 μmohs/cm) for the dry season (October) and 

from (1235μmohs/cm) to (7280 μmohs/cm) with an average value (2783.8 μmohs/cm) 

for the wet season (April). 

- (TDS) values of water samples for the new wells range from (1090 mg/l) to (6000 

mg/l) with an average value (2161.17 mg/l) for the dry season (October) and from (1050 

mg/l) to (5870 mg/l) with an average value (2002 mg/l) for the wet season (April). 

- (PH) values  for the new wells of Umm Er Radhuma range between    (7.08-8.8) with 

an average of (7.7).  

 - (Na
+
) concentration of water samples from the new wells ranges from  (72 mg/l) to       

(1000 mg/l) with an average value (347.97 mg/l) for the dry season (October) and from       

(42 mg/l) to (948mg/l) with an average value (299.87 mg/l) for the wet season (April).                                                               

  - (Ca
+2

) concentration of water samples for the new wells ranges from (38 mg/l) to          

(389 mg/l) with an average value (170.5 mg/l) for the dry season (October) and from            

(34 mg/l) to (375 mg/l) with an average value (155.73 mg/l) for the wet season (April).                                                                

-(Mg
+2

) concentration of water samples for the new wells ranges from  (14 mg/l) to         

(198 mg/l) with an average value (74.93 mg/l) for the dry season (October) and from        

(12 mg/l) to (198 mg/l) with an average value (68.03 mg/l) for the wet season (April). 

-(Cl
-
) concentration of water samples for the new wells ranges from (117 mg/l) to         

(1096 mg/l) with an average value (463.07 mg/l) for the dry season (October) and from     

(75 mg/l) to (1050 mg/l) with an average value (404.5 mg/l) for the wet season (April).  

-(SO4
-2

) concentration of water samples for the new wells ranges from  (110 mg/l) to       

(1350 mg/l) with an average value (613.03 mg/l) for the dry season (October) and from       

(65 mg/l) to (1307 mg/l) with an average value (546.2 mg/l) for the wet season (April).                                   

- (HCO3
-
) concentration of water samples for the new wells ranges from (24 mg/l) to         

(824 mg/l) with an average value (223.47 mg/l) for the dry season (October) and from         

(14 mg/l) to (811 mg/l) with an average value (210.83 mg/l) for the wet season (April). 

     The results of determining the hydrochemical coefficient  for the (90) selected wells       

(60 samples for the old group of wells and 30 samples for the new ones)   show the 

following:                                                                                                                  

- For the 60 old group of wells, the groundwater is found to be of marine origin, with the 

hypothetical salt consisting of  magnesium chloride (MgCl2) in 35 well samples and 

sodium sulfate (Na2SO4) in 24 well samples. For the 30 group of new wells located in the 

recharge area, (14) well samples show that groundwater is of continental origin with the 

hypothetical salt  consisting of sodium sulfate (Na2SO4).   

       It  is concluded that the groundwater is of marine origin, but had suffered from 

changes in the concentrations of its ions after deposition as a result  of mixing with rain 
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water penetrating from ground surface during periods of non-conformity. The 

classification of groundwater according to (Schoeller) method shows that most of the 

groundwater of the old group of wells consists of  (Ca-SO4) (52 out of 60 wells), while it 

is of two types (Na-Cl and Na-SO4) for the new group of wells .  

- Considering the groundwater suitability for human drinking using WHO(2007) and 

IQS(2001) standards, it was found that it is not suitable.                                                

- The groundwater is considered good for animal drinking according to (Altoviski, 

1962) standard, it is good for all types of animals, but poor for poultry according to 

(Crist and Lowery, 1972) and very acceptable for all types of livestock and unfit for 

poultry according to the classification given by (Ayers & Westcot, 1989). 

- For agricultural purposes, the groundwater of Umm Er Radhuma aquifer is suitable for 

most types of summer and winter crops because the salinity of the water is within the 

permissible limits when considering the nature of the soil. 

- Groundwater exploitation of Umm Er Radhuma aquifer depends on the quality of the 

groundwater and its suitability for agriculture by comparing the concentrations of its 

main elements and salinity with the standard specifications. From this comparison, it is 

concluded that some of the water of the aquifer is not valid, and over the permitted limits, 

but this water is used for agriculture in large areas of the desert and it is give a special 

feature because of the nature of the soils and its high permeability as well as the rapid 

drying due to the high temperatures of the desert which requires the continuity of the 

irrigation operation. The deep groundwater and the thickness of soil prevent deposition of 

salts around the roots of the plants.    

- The groundwater is not suitable for industry, but it is suitable for building according to 

the available standards. 

- The best water quality in Umm Er Radhuma aquifer is found in the recharge zone at the 

western edge of the aquifer where it is recharged by Wadi Horan. The  groundwater TDS 

value ranges between (1000 – 2000) ppm, increasing with the flow direction toward the 

east and the southeast until  it attains a value  of about 5000 ppm in the discharge zone in 

the east of Umm Er Radhuma aquifer. 
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