
 

 

 

161 Ethiop. J. Sci. & Technol. 13(3): 161-183, October 2020 

 
 Assessment of quality and suitability of groundwater resources for 

industrial and irrigation purposes, Dire Dawa, Ethiopia 

 
Girmaye Haile Gebremikael1,* and Aman Hussien Dawod2 

 
1Process, Environmental Engineering and Energy Chair, Institute of Technology, Dire Dawa 

University, Ethiopia 
2Geomatics and Geoinformatics Chair, Institute of Technology, Dire Dawa University, Ethiopia 
 

 

ABSTRACT 

 

The groundwater demand of Dire Dawa has increased recently due to the expansion of 

irrigation and the industrial sector in the city. Groundwater used for irrigation and industry 

was studied. Eighty-two samples were used to analyze physicochemical using different 

indices like Langelier index (LSI), Ryznar index (RSI), Aggressive index (AI) and 

Larson-Skold index (LRI). Parameters of Sodium Absorption Ratio (SAR), Residual 

Sodium Carbonate (RSC), Dissolved Sodium (%Na), Magnesium hazard (%Mg) 

statistical and spatial distributions were analyzed and programmed with Excel, Arc GIS, 

and Diagrams software. Results showed that pH, Mg2+, Cl- were found to be within the 

limit for industrial use. The groundwater corrosion indices mean values of LSI, RSI, AI, 

and LRI obtained were 0.29 ± 0.28, 6.4 ± 0.5, 12.20 ± 0.24 and 1.4±1.57, respectively. 

LSI, RSI results indicated a moderate scale-forming tendency of the groundwater. AI 

values were within low to no corrosion rates in all zones. Because of Cl- and SO4
2-, LSI 

showed some localized corrosion properties at kebele 01 and 09. Parameters like pH, 

Conductivity, Na+, HCO3
- and Cl- ion were within permissible limits for irrigation. The 

irrigation indices (meq/l); SAR, RCS, Na% and Mg Hazard were calculated to be 1.33, -

2.17, 21.5%, 45%, respectively. The EC was within the permissible limit but was 

significant. The low values of SAR, RCS, Na% indicated that the groundwater can cause 

lower alkalization (Sodium hazard) effect. In conclusion, all the parameters of the 

groundwater sources were categorized as good for irrigation. However, corrosion indices 

elaborated the groundwater scaling problems and may also be aggravated with 

temperature and heat-related industrial equipment.  
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INTRODUCTION 

 

In Ethiopia, more than 80% of the drinking water supply is obtained from 

groundwater (Seifu Kebede et al., 2018). In the case of Dire Dawa, an arid area 

where no perennial rivers and streams exist, groundwater is the primary source. 

For the last 12 years, boreholes, dug wells, and springs supplied almost 100% of 

the city's domestic, industrial, and irrigation water needs.  

 

In addition to the ever-increasing demand for water in the area, deteriorating 

groundwater quality resources has become an issue from both public health and 

economic point of view despite the little attention is given to it in Ethiopia until 

recent times (WWDSE, 2004). Water naturally contains dissolved hardness-

causing cations, iron, sodium, potassium and different anions such as chloride, 

sulphate, bicarbonate which corrode objects and form scales, poisons, and affect 

food and drink quality. What is contained in the water may also deteriorate soil 

quality and damage crops during irrigation. Corrosion and scaling of water is 

related to its pH, alkalinity, hardness, temperature, dissolved oxygen, total 

dissolved solids (TDS) and other factors. Langelier index (LSI), Ryznar stability 

index (RSI), and Aggressive index (AI) are the most commonly used corrosion 

indices in the waterworks, food and other industries.These indices give clues 

whether the water is corrosive or not. They also help to predict the tendency of 

the water to precipitate a corrosion protective salt coat (Singley et al., 1984). On 

the other hand, the irrigation water quality can be determined by (a) salinity 

hazard, (b) permeability and infiltration problems, (c) specific element and ion 

toxicity measured with parameters like electrical conductivity (EC) and 

calculation of sodium absorption ratio (SAR), residual sodium carbonate (RSC), 

sodium percentage (SSP), and permeability index (PI). The effect on 

groundwater is an important issue to deal with quality and stability indices that 

can easily be calculated in monitoring, forecasting and controlling programs 

(Singley et al., 1984; Singh and Chakradhar,1998).   

 

Several researchers have investigated groundwater suitability for industrial and 

irrigation purposes using water stability and quality indices. However, extensive 

study has not been done on groundwater suitability and stability, and on 

corrosion and scaling potential in Ethiopia particularly in Dire Dawa. 

Gebremedhin Berhane et al. (2013) estimated the corrosiveness of groundwater 

at different localities in Mekelle. Alsaqqar et al. (2014) also evaluated water 

stability of groundwater in Baghdad City with two indices, namely Langelier and 

Ryznar index. They concluded that the treated water corrosiveness was related 

to low alkalinity and high total dissolved solids and warm temperature. Sabaghi 

et al. (2015) studied groundwater corrosion and scaling problems in irrigation 

hydraulic systems. They considered Langelier saturation index and Ryznar 
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stability index to determine relative corrosiveness and low sedimentation in 

groundwater in their study. The results showed that the boreholes samples were 

more corrosive than springs. Yousefi et al. (2016) determined the corrosion and 

scale-forming potential of Ilam City-Iran surface water. The results showed that 

the corrosion was caused by low pH values. Coating and adjustment of water pH 

were recommended as a solution. Aghapur et al. (2009) examined the water 

suitability and stability in Urmia, Iran. The results indicated that the 

corrosiveness of water was related to the low level of hardness which may expose 

the water to be contaminated by dissolved heavy metals.  
 

The suitability of groundwater for irrigation purposes was studied in many parts 

of Ethiopia as in Modjo, East Shawa (Karuppannan and Kawo, 2019), in Adama 

(Amanuel Gidey, 2018), and around Mekelle (Kawo and Karuppannan, 2018). 

Amanuel Gidey (2018) studied water quality for irrigation purposes around 

Mekelle City, northern Ethiopia with Conductivity (EC), sodium adsorption ratio 

(SAR), residual sodium carbonate (RSC), % Na, Cl−, HCO3
- along with mapping 

these parameters with GIS. The study confirmed salinity hazard, hardness 

problem but no sodium and bicarbonate hazards in the samples. Karuppannan 

and Kawo (2019) used GIS interpolation and irrigation suitability indices of EC, 

RSC, SAR, and Na% to study groundwater suitability of Adama City. Most of 

the groundwater samples were excellent for irrigation because of low sodium 

content and TDS.  
 

There are no studies that have been carried out in the Dire Dawa region about 

groundwater suitability for industrial and irrigation purposes. It is known that 

water is the primary and major input for irrigation and most industries. 

Investigating the groundwater suitability for such purposes with the help of water 

stability indices and irrigation suitability parameters is one key issue for  Dire 

Dawa City, particularly for the industry and agriculture sectors. It gives 

information about groundwater quality and suitability. This study aimed to 

investigate the stability and suitability of Dire Daw city groundwater for the 

industry using quality tolerance standards, corrosion and scaling indices as well 

as  to use irrigation water quality parameters to determine the suitability of the 

city's groundwater source for irrigation use. Many attempts have been made to 

develop an index, several of which were found useful for prediction purposes 

(McNeill and Edwards, 2001). 
 

Corrosion and scaling processes are highly complex and interactive. Hence, no 

single test or index is good enough to indicate the corrosion or scale forming 
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tendency of the water so, multiple indices are used for this purpose. The most 

widely used indices are Langelier saturation index (LSI), Ryznar index (RSI), 

aggressive index (AI) and Larson–Skold index (RSI). They can be calculated 

using the mathematical models involving water quality parameters and their 

interpretations (Tables 1 and 2) (Davil et al., 2009; Yousefi et al., 2016; Kumar, 

2019). The Langelier index (LSI) shows the tendency of water to form scales and 

it is only conducive to control the calcium carbonate scales. LSI is most effective 

for waters containing alkalinity > 40 mg/L, sufficient calcium ion concentration, 

and pH between 6.5 and 9.5 (Langelier, 1946; McNeill and Edwards, 2001; 

Health Canada, 2009). The Ryznar stability index (RSI) was applied with a water 

velocity of 0.6 m/sec and for non-saturation water. RSI is scale thickness 

monitoring index (Prisyazhniuk, 2007). Aggressive Index (AI) only 

approximates the solubility of CaCO3 and water acidity on corrosion effect. It is 

derived from calcium hardness, total alkalinity and pH (Kalyani et al., 2017). AI 

shows TDS and temperature effects. Like AI, Larson and Skold index (LRI) was 

developed by Larson and Skold (1958) for examining the extent of corrosion 

based upon the aggressiveness of chlorides and sulphates in water and alkalinity 

as aggression reducer when it is exposed to steel with carbonic coat and cast-iron 

pipes (Singley et al., 1984; Ryznar, 1994). LSI and RSI are mostly used to 

monitor scaling tendency and rate; whereas AI and LRI are used to monitor 

corrosion effect of water resources. The description of water quality indices for 

industry and irrigation is presented below (Tables 1 and 2). 
 

Electrical Conductivity (EC) is related to the salt contents of groundwater that 

elevates the osmotic pressure of the soil solution. Soil with high osmotic 

pressure, the roots can only absorb insufficient water even if there is plenty of 

moisture in the soil. Sodium adsorption ratio (SAR) is used to express the activity 

of sodium ions in reactions with soil and the infiltration hazard which is a 

measure of water suitability for irrigation (Sappa et al., 2014). The use of high 

SAR value water leads to a loss of the physical structure of the soil caused by 

excessive adsorbed sodium. This results in the dispersion of soil clay which then 

hardens and becomes compacted to smaller particles that clogs its pores. When 

soil is dry, it increasingly prevents water penetration and then swells when it gets 

wet (Saleh et al., 1999; Singh and Singh, 2008). 

 

Both calcium and magnesium are precipitated as carbonates since the water in 

the soil becomes more concentrated as a result of evaporation and any residual 

carbonate or bicarbonate is left in the solution as residual and increased sodium 

carbonate (Mirza et al., 2017). 
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The water-soluble excess carbonate is also combined with alkaline earth ions to 

form the NaHCO3. The magnesium hazard was proposed by Szabolcs and Darab 

(1964). Ca+2 and Mg+2 are in a state of equilibrium. At equilibrium, the more 

Mg2+ in groundwater adversely affects the soil quality and is considered to be 

harmful and unsuitable for irrigation (Kumar et al., 2007). 

Table 1. Summary of interpretation of Indices.  
 

Index Index value Interpretation 

Langelier Index  
𝐋𝐒𝐈 = 𝐩𝐇 − 𝐩𝐇𝐬 

-4<LI<-2 Mild Corrosion 

𝐩𝐇𝐬 = (9.3+A+B)-(C+D) -1<LI<-0.5 Low Corrosion 

𝑨 = (𝐥𝐨𝐠[𝐓𝐃𝐒] − 𝟏)/𝟏𝟎  LI=0 Balanced 

𝑩 = 𝟏𝟑. 𝟏𝟐 ∗ (𝐥𝐨𝐠 𝐓 + 𝟐𝟕𝟑) + 34.55 0.5<LI<2 Moderate Scale-forming 

𝑪 = (𝐥𝐨𝐠(𝐂𝐚𝟐+) − 𝟎. 𝟒 
𝐃 = 𝐥𝐨𝐠(𝐓𝐀) 

  

Ryznar Stability Index RSI<5.5 Water has high scaling rate 

 5.5 RSI<6.2 Water has scaling tendency 

RSI = 2 pHs – pH 6.2 RSI<6.8 Water is balanced  

 6.8<RSI<8.5 water dissolve Scale 

 RSI>8.5 Water has corrosiveness 

Larson-Skold Index  

 

LRI <0.8 Scale formed without 

meditation of  SO4
-2 & Cl- 

𝐋𝐒𝐈 =
𝐂𝐜𝐥− + 𝐂𝐬𝐨𝟒−𝟐

𝐂𝐇𝐂𝐎𝟑
−𝟏 + 𝐂𝐂𝐎𝟑

−𝟐
 

0.8<LRI<1.2 Scale formed with 

meditation of  SO4
-2 & Cl-  

 LRI >1.2 High rates of localized 

corrosion 

Aggressive Index  AI<10 High water corrosion 

𝐀𝐈 = 𝐩𝐇 + 𝐥𝐨𝐠[(𝐓𝐀)(𝐇𝐂)] AI=10-12 Moderate water corrosion  

 AI>12 Lack of water corrosion 
TA- Total Alkalinity, HC-Calcium Hardness (mg/l as CaCO3), T in oC, TDS, C- Concentration, 

Ca2+ , Ccl-, CSO4 
-2 , CHCO3- , CCO3

-2  in mg/l 
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Table 2. Interpretation of Irrigation Water Quality Analysis (Wilcox, 1955). 
 

Parameters Value and Interpretation 

Electrical Conductivity (EC) < 250 Excellent,  

 250-750 Good, 

 750-2000 Permissible, 

 2000-3000 Doubtful,  

 > 3000, Unsuitable 

Dissolved Sodium Ion, Na% < 20 Excellent 

% 𝐍𝐚 =
(𝐍𝐚 + 𝐊)

𝐂𝐚 + 𝐌𝐠 + 𝐍𝐚 + 𝐊
∗ 𝟏𝟎𝟎 

 20-40 Good 

 40-60, Permissible 

 60-80 –Doubtful, 

 > 80 Unsuitable 

Sodium Absorption Ratio  (SAR) 0-6 Good,  

𝐒𝐀𝐑 =
𝐍𝐚

√𝟎. 𝟓 ∗ (𝐂𝐚𝟐+ + 𝐌𝐠𝟐+)
 

6-9 Doubtful,  

 > 9 Unsuitable 

Residual Sodium Carbonate (RSC) 0-6, Good,  

𝐑𝐒𝐂 = (𝐇𝐂𝐎𝟑
− + 𝐂𝐎𝟑

𝟐+) − (𝐂𝐚 + 𝐌𝐠) 6-9, Doubtful 

 > 9, Unsuitable 

Mg hazard  < 50% Suitable, 

𝐌𝐠% =
𝐌𝐠𝟐+

𝐂𝐚𝟐+ + 𝐌𝐠𝟐+ ∗ 𝟏𝟎𝟎 
50% Unsuitable 

All ionic concentrations are in milliequivalent per liter (meq/L).  

 
 

 

MATERIALS AND METHODS 

 

Geographical description and sample collection  

 

Dire Dawa is a city located in eastern Ethiopia between 804511 and 816913 m 

east and 1059754 and 1067650 m north. It is found 515 km from the capital city 

(Addis Ababa) and 311 km west of Djibouti. The mean annual temperature is 

25.3 °C and the total rainfall is 618 mm (WWDSE, 2004). There are two rainy 

seasons which run from March to April (short rains), and from August to mid-

September (long rains). The study area is characterized by arid climate with 

minor seasonal variations the whole year.  The water wells were identified into 

six groups of the central area (kebele zone 04, 05, 06), Tome (kebele zone 03, 

09), Sabian (kebele zone 01), Melka (kebele 02), Boren (kebele zone 01, 02) and 

rural area (kebele 10) where most of the borhole and  hand dug wells  exist. Just 
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15 groundwater samples were collected between November - January (dry 

season) in these selected areas (Figure 2).  

 

 
Figure 1. Location of groundwater wells, Dire Dawa, Ethiopia. 

 

Physicochemical analysis techniques 

 

The samples were collected with polyethylene bottles that were initially washed 

and rinsed with dilute acid and groundwater filtrates and kept in the refrigerator 

at 4 oC until analysis. The various parameters were determined using standard 

procedures (APHA,1995). The physical parameter, such as temperature (T) 

Electrical Conductivity (EC) and Total Dissolved Solid (TDS) were  measured 

in-situ using portable EC meter. 

 

Chemical parameters of total alkalinity, total hardness, and anions of carbonate, 

bicarbonate, calcium, magnesium were measured by Acid and EDTA titration 

and calculation method. Sodium and potassium were measured with flame 

photometer and sulphate, chloride with spectrophotometer at Water Sanitation 
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Facility, Dire Dawa University and Dire Dawa Water Supply Authority 

(DDWSSA) chemistry laboratory. 
 

 
Figure 2. Location of sampled wells, Dire Dawa (WWSDE, 2004) 

 

Additional secondary physicochemical data of 67 wells points, analyzed from 

2004 to 2018, were used in this study. These were collected from Ethiopian 

Water Works Design and Supervision (WWDSE), geological Survey of Ethiopia, 

DDWSSA and other sources (WWDSE, 2004). data; Eyilachew Yitayew, 2010; 

WSSRD, 2012) GSE, 2018). For quality assurance, ionic (electrical) balances of 

the physiochemical data were calculated and checked with the acceptable limit 

(± 5-10%). 

 

Water quality index and parameter determination 

 

Langelier Saturation, Ryznar Stability, Larson-Skold, Aggressive and irrigation 

water quality parameters SAR, RSC, %Na, and Mg % of the 82 boreholes and 

dug wells were calculated using Microsoft Excel®. The Piper trilinear diagram 

and Wilcox Plot was done with Diagrams software. 

 

Spatial distribution analysis  

  

The city kebele zones boundary shapefile data was taken from the city 

administration. The collected spatial data of bore wells were downloaded using 
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DNR Garmin downloading software and changed into CSV file format to match 

with the calculated LSI, RSI, AI, LRI values of each sample point. Finally, the 

geocoded (address matching with other tabular data) brought into Arc GIS 10.3® 

software for spatial analysis. In the spatial analysis tool, an interpolation 

technique was used for analysing the geocoded index of each bore well. Among 

different interpolation techniques, most researchers used IDW and kriging 

interpolation techniques for analysing the spatial variation of water quality 

effects (Webster and Oliver, 2007; Srinivas et al., 2013; Zarif et al., 2014; 

Amanuel Gidey, 2018). 

 

 
RESULTS AND DISCUSSION 
 

Groundwater suitability for industry 

 

Acidity (pH of water) 

It is known that at high pH value (> 9), water tends to be less corrosive and also 

tends to stabilize around a pH of 6.5. Sarin et al. (2003) and Karalekas et al. 

(1983) observed that iron concentrations were found to steadily decrease when 

the pH rose from 6.2 to 9.5. These observations are consistent with the fact that 

the solubility of Lead, Copper and Nickle pipelines by-products decrease with 

increasing water pH. The mean values of groundwater acidity in different zones 

were between 6.7 and 7.2 that were in the desirable range (Singley, 1994; Reiber 

et al., 1996; Health Canada, 2009). 

 

Total dissolved solids (TDS) 

High amount of TDS in the groundwater increases conductivity and current flow. 

It consequently facilitates the electrochemical reaction in which the rate of 

corrosion may increase. The TDS may also affect the formation of protective 

films on pipe wall that act a barrier from any corrosion effects. The TDS in the 

eight kebele zones was higher than the limit (500 mg/l) and that was related to 

the excess calcium-based bicarbonate, sulphate and chloride (Sawyer and 

McCarty, 1967; WHO, 2003 a, b). According to related studies on the city 

groundwater, the existence of significant TDS of these ions in the groundwater 

was reported (WWDSE, 2004; Eyilachew Yitayew, 2010; Narayanan et al., 

2018). Excess TDS with above-mentioned ions result in excessive scaling in 

water pipes, water distribution and systems. It also interferes with many 
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industrial processes like steel manufacture, causes foaming in boilers and 

incrustations on equipment especially as the temperature rises.  
 

Sulphate and chloride 

Kebele 08 had high sulphate concentration and kebele 10 high chloride. Chloride 

is the most active and corrosive ion (Jones, 1996). It also has an impact on the 

taste of food products and beverages prepared from such water (BIS, 1967). The 

limit of the chloride concentration is set to 200 mg/L (CPCB, 2008) that 87.7% 

of the samples were within the limit. The rest 12.3% had chloride content higher 

than the standard limit. Chloride (>200 mg/L) is very corrosive especially 

aggressive to steel and aluminium (WHO, 1979). These metals can be covered 

with copper, galvanized steel and cast iron to resist chloride salt corrosion (Shah 

et al., 2018). The sulphate ion is the second most occurring ion (Table 3) in hard 

water after bicarbonate. During sugar production and concrete manufacturing, 

the sulphate ion is limited to 20 mg/L since it can form strong acids that result in 

the undesired pH change that lower product quality. Excess sulphate precipitates 

and interferes with the efficiency of dyeing operations in leather, textile and 

finishing industries (CPCB, 2008; Shah et al., 2018). High levels of bicarbonate, 

sulphate, and chloride cause incrustation and corrosion. To avoid incrusting 

under low pH, the limit of the sulphate ion was 100 mg/L (Anon, 1983). Only 

35.4% of the samples were above the limit that calcium sulphate scale might 

exist. Excess sulphate salts (>250 mg/L) were also found on 18.3% of the 

groundwater that sulphate-reducing bacteria may be involved in the tuberculation 

of metal pipes. The hydrogen sulphide produced by these bacteria may increase 

corrosion in both metal and concrete pipes (Sawyer and McCarty, 1967; Anon, 

1983; Aiman and Enab, 2007).  

 

Corrosiveness and scaling indices 
 

Langelier and Ryznar indices 

Langelier index (LSI), not a quantitative, is the most frequently used index for 

assessing the water stability mostly related with CaCO3 content. The Langelier 

saturation index values in all zones ranged from -0.37 to 0.98. According to LSI 

presented, majority of the samples (95%) were supersaturated which tended to 

form scale from low to moderate rate. The groundwater had scale-forming 

tendency as in most part, shown in Figures 4a, b. The highest values obtained 

(most scale-forming) were related to north- central (kebele zone 02) whereas the 

north-west part of the city (part of kebele zone 03) had corrosive groundwater.   
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Table 3. Mean values of the water quality parameter analysis of kebele zones of the city. 
 

Study zones 

Hardness 

T pH TDS Na+ Ca2+ Mg2+ Cl HCO3 SO4
-2 Total Alkalinity 

01-Melka Jebdu 28 7.1 1483 89 158 54 121 448 379 618 383 

02-Sabian 31 6.9 1724 79 336 76 75 399 821 1123 329 

03 Kezira 33 6.8 1934 75 438 49 55 373 1110 1296 306 

04-Ganda Kore 38 6.9 680 40 181 44 79 537 115 638 440 

05-Addis Ketema 39 6.9 715 61 158 37 90 483 78 550 400 

06-Dacha-tu   37 7.2 1892 80 288 144 60 371 1086 1320 304 

07-Afatessa 25 6.7 1653 66 251 75 61 392 682 945 319 

08-Laga Harre 36 7.1 1551 259 232 9 278 451 401 617 370 

09-Police Meret 26 7.1 2061 90 212 65 223 409 145 796 306 

10-Boren 29 6.7 2800 110 568 91 15 303 1809 1800 248 

Measuring unit of each parameter – T-Temperature (oC), TDS (mg/l), Ca2+ (mg/l), Mg+, Cl - (mg/l), CO3
- (mg/l) SO4

-2 (mg/l), Na+ 

(mg/l), TH-Total Hardness (mg/l as CaCO3) and AL- Alkalinity (mg/l as CaCO3) 
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Ryznar (1994) proposed a modified version of LSI based on pH and pHs values 

of water was successful to be an improvement over the LSI (Kumar, 2019). The 

results better quantified the scaling properties of water in numerical value. The 

Ryznar index values in all kebele zones were in the range of 5.60 to 7.29. More 

than half of the boreholes and dug wells (59.7%) had scaling tendency and 20.8% 

of groundwater points had no corrosion and scaling effects (balanced). However, 

19.5% of the groundwater points were corrosive. The Ryznar index showed 

relative scale-forming groundwater in the north-central and southern regions 

(Figure 4b).  
 

Aggressive index 

AI is a parameter of water corrosiveness which is often used as an alternative 

method for LSI. As with LSI, the AI is not a quantitative measure of corrosion. 

The mean values of the aggressive index in all zones ranged from 11.59 to 12.93. 

Much of the groundwater data (87%) was nonaggressive (AI greater or equal 12). 

The others, i.e., 8% exhibited low corrosion rate (11.5<AI<11.9) and 5% 

moderate (10<AI<11.4) rate.  The maximum values of the index were related to 

the city north-western part. Based on this index, the groundwater points varied 

from nonaggressive to moderate corrosion effect to asbestos-cement pipes and 

water systems in almost all zones as shown in Figure 5(a).  

 

Larson-Skold index 

The groundwater had high calcium and alkalinity (bicarbonate) possessing high 

buffering capacity (Davil et al., 2009; Kumar, 2019). The groundwater 

aggressiveness containing sufficient buffering capacity and alkalinity is due to 

the increase in chloride and sulphate (Larson and Skold, 1958). This index is 

associated with corrosion of steel, iron-cast pipes and leaching lead, copper, tin 

into the water.  

 

The Larson index values in all zones ranged from 0.09 to 6.03 indicating the 

formation of protecting film in most of the study areas. Moreover, in 

northwestern (kebele 01) and northeastern (kebele 03 and 09) region high 

corrosion was observed and localized severe corrosion was observed in south of 

Melka Jebdu. High levels of chloride and sulphate were observed in these areas. 

These are probably because these zones were inhabited and settlements were old 

and therefore chlorides and sulphates were expected because of poor waste 

management.   
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(a) 
 

(b) 
Figure 4. Maps of spatial changes (a) LSI (b) RSI of Dire Dawa groundwater.  
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(a) 

 (b) 
Figure 5. Maps of spatial changes of (a) AI (b) LRI of groundwater of Dire Dawa. 
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Suitability for irrigation  
 

Salt hazard 

Acidity of water (pH), conductivity, TDS, sodium, bicarbonate, alkalinity, 

sulphate and chloride ion also lead to loss of soil fertility and crop yield 

productivity (Kirda, 1997). Both EC and TDS indicate saline groundwater that is 

completely dissociated ions. More dissolved ions content in irrigation water has 

negative effect on productivity (Kaka et al., 2011). During irrigation, the excess 

salt content in the groundwater increases the osmotic pressure of the soil in which 

insufficient water is absorbed by the roots even under plenty of moisture 

(Ravikumar et al., 2011).  
 

Based on the electrical conductivity (Wilcox, 1955) salinity hazard occurs when 

EC > 3 dS/m. EC ranged from 466 to 2380 µScm-1 that indicated majority of the 

groundwater sources (94.7%) were within the permissible level in the study area 

(Table 4).  

The acidity of water (pH) also has an impact on the reaction and quality of the 

soil and water, and hence on plant growth. The pH influences the carbonate 

equilibrium, heavy metal and other ions in the soil. Acidic water interferes with 

mineral absorption than basic one which improves the uptake of crucial ions. 

 

The permissible limit of pH groundwater for irrigation is between 6.0 and 8.5 

(Ayers and Westcot, 1985). The observed pH values of all groundwater samples 

were found to be within the limit (Table 4). The average pH of 7.4 means that 

the dissolved materials were predominant bicarbonates, indicating alkaline 

nature of the groundwater. Chloride is another common ion in irrigation water. 

It can cause toxicity to sensitive crops at higher levels. Chloride content below 

the limit of 140 mg/l (BIS, 1991) is categorized as good quality. Chloride content 

of 95.5% of the samples was within the permissible limit.  

 

In warm temperatures, high content of calcium and magnesium bicarbonates 

precipitated into insoluble minerals leaving sodium bicarbonate dominant 

(Eaton, 1950; Srinivasamoorthy et al., 2014). Eighty-seven percent of the wells 

had bicarbonate content within the permissible limit (< 500 mg/l) for irrigation 

(Ayers and Westcot, 1985). 

 

Alkali hazard 

A high percentage of Na+ in relation to Ca2+, Mg2+ and K+ in irrigation water 

deflocculates and impairs soil permeability (Saleh et al., 1999; Singh and Singh, 
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2008). An important water quality parameter known as Sodium Absorption Ratio 

(SAR) is used in the supervision of sodium-affected soils (Alagbe, 2006; Sappa 

et al., 2014). Continuous irrigation with such water may result in the 

accumulation of Na+ compared to divalent ions. This increases the proportion of 

sodium in groundwater in the form of sodium carbonate (Mirza et al., 2017) as 

indicated by Residual Sodium Carbonate (RSC). All groundwater samples 

showed negative RSC values that both carbonate and bicarbonate concentrations 

were consistent with Ryzan Saturation Index results. Based on the criteria of 

Sodium Solubility (Na%), SAR, RSC and Mg Hazard, the groundwater samples 

were good for irrigation purposes (Table 5).  

 

Permeability/ infiltration problems 

The city is covered with soil of moderately permeable sandy/alluvial deposit 

(Hydraulic conductivity of 3-5 m/day) directly overlaid on the main sandstone 

and limestone aquifer (WWDSE, 2004). This increases the proportion of sodium 

in groundwater in the form of sodium carbonate (Mirza et al., 2017) as indicated 

by Residual Sodium Carbonate (RSC). All groundwater samples showed 

negative RSC values that both carbonate and bicarbonate concentrations were 

consistent with Ryzan Saturation Index results. On the criteria of Sodium 

Solubility (Na%), SAR, RSC and Mg Hazard, the groundwater samples were 

good for irrigation purposes (Table 5).  

 
Table 4. Statistical details of the physicochemicals of the groundwater. 

Parameters Maximum Minimum Mean Standard 

deviation 

EC 2380.0 466.0 1017.5 279.3 

PH 8.1 6.7 7.4 0.3 

Na, mg/l 240.0 6.0 65.3 60.5 

K, mg/l 4.5 0.8 1.9 1.0 

Ca, mg/l 302.4 60.0 140.5 42.2 

Mg, mg/l 75.4 4.9 24.3 16.8 

Cl, mg/l 298.1 23.1 85.5 58.2 

HCO3, mg/l 610.0 187.9 423.3 86.3 

SO4, mg/l 65.2 5.3 88.1 147.0 

SAR 8.9 0.2 1.9 1.8 

RCS 4.4 -13.2 -2.1 2.5 

Na % 67.5 3.1 22.0 13.4 

Mg Hazard 46.6 8.7 21.5 11.0 

 

Permeability/ infiltration problems 

The city is covered with soil of moderately permeable sandy/alluvial deposit 

(Hydraulic conductivity of 3-5 m/day) directly overlaid on the main sandstone 

and limestone aquifer (WWDSE, 2004). High concentration of sodium in 

irrigation water reduces soil permeability and eventually causes poor internal 
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drainage (Belkhiri and Mouni, 2012). Hence, the soil becomes hard when dry 

and restricts the movement of water and air (Saleh et al., 1999).  After continuous 

use of irrigation water, soil permeability is drastically affected by Na, Ca, Mg 

and bicarbonate contents in the water (Wilcox, 1955; WHO, 1989). Water type 

based on Wilcox’s (1955) diagram used when the SAR and conductivity of water 

are known, the classification of water for irrigation can be determined by 

graphically plotting these values on the Wilcox’s diagram (Figure 7).  

 
Table 5. Categorize of the irrigation groundwater suitability. 
 

Parameter 
No of 

samples 

Percent of 

samples 

Water class for 

irrigation 

EC (µScm-1) 5 13.2  Good   
33 81.6 Permissible  

2 5.3 Doubtful 

% Na 33  91.6  Good  
3 7.8 Permissible 

1 2.6 Doubtful 

SAR  (meq L-l/2 ) 38 100.0 Good 

RSC (meq L-1) 35  92.7  Good  
3 7.3 Doubtful 

% Mg Hazard 38 100.0 Suitable 

 

The Wilcox diagram (Richards, 1954) illustrates that most of the groundwater 

samples in the field C3S1 had high salinity and low alkaline, which could be used 

for irrigation for almost all types of soil (Figure 7). Most of the groundwater 

points (Figure 7) indicated that the values of SAR between 0-3 meq1/2/l and EC 

of 719-2380 µcms-1 was classified suitable for irrigation with medium restriction 

with low permeable soil. It could be applied for soils with moderate to high 

permeability values like Dire Dawa with moderately permeable sandy soil 

(WWDSE, 2004) with no restriction.  
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Figure 7. Wilcox plot of classification of irrigation groundwater. 

 

 

CONCLUSION 

 

The suitability of groundwater of an area should be studied and understood for 

domestic, irrigation and industrial purposes. The assessment of all the 

groundwater samples collected from Dire Dawa showed that parameters of pH, 

sodium, potassium, magnesium and chloride are within the permissible range. In 

contrast, TDS, total hardness, sulphate, and calcium were above the standard 

limit. These results were also shown on the piper diagram, that the dominant 

groundwater type in the city was Ca-HCO3 followed by Ca-Mg-HCO3 and Ca-

Mg-HCO3-SO4. Based on TDS, 85% of the groundwater could cause 

encrustation and corrosion. The hardness revealed that the city groundwater 

sources varied from hard to very hard. The mean values of the five indices were 

0.29 ± 0.28 for LSI, 6.4 ± 0.5 for RSI, 2.06 ± 0.25 for LRI and 12.20 ± 0.24 for 

AI. LSI, RSI indicated medium scaling formation from calcium, carbonate and 

sulphate-based hardness in most of the areas. As per LRI and AI, serious 

localized corrosion was also presented in Tome (north of kebele 03 and 09) and 

Melka Jebdu (south kebele 01) due to high content of both chloride and sulphate. 

As to the groundwater suitability of rural areas for irrigation, the content of 

significant electrical conductivity (EC) had shown a risk of salt-related problems 

but no risk of alkaline effects because of low SAR, RSC and Na% values. The 

groundwater use for irrigation had minor risk of salts, especially for sensitive 

crops. However, the majority of samples received from groundwater were found 

to be “suitable” on the basis of EC, SAR, Na%, RSC and Mg Hazard evaluation.  
 

Sodium Hazard 

S1: Low                

S2: Medium 

S3: High 

S4: Very High 

Salinity Hazard 

C1: Low 

C2: Medium 

C3: High 

C4: Very High 
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