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ABSTRACT: In the south western of Libya, groundwater is transported by 

metallic pipes from wells to the consumers for drinking, domestic, 

agricultural and industrial purposes. By the time, most of these pipes have 

faced various cases of internal corrosion which caused economic losses and 

leakage of quantities of transferred water. The area of study is located in 

south western part of Libya (Murzuq basin). Chemical properties of 

samples from 45 wells were collected and analyzed. Results showed higher 

concentrations of O2 and CO2, normal values pH, and traces of H2S. The 
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internal corrosion of the metallic water pipelines in the district was related 

to the effects of high levels of O2 and CO2. 

INTRODUCTION 

A water supply system can be classified into three basic components: 

Water supply source, water purification process and the distribution unit. 

Water is transported from the source to the purification plant by pressured 

pipelines. After purification, water enters the distribution system directly or 

is transported to the system via supply pipes (National Research Council, 

Drinking Water and Health, 1982). The velocity of water must be known at 

the output of the water supply source or at some specific points in order to 

collect and analyze statistical information and supervise the performance of 

the water distribution system. The speed of water can be measured using 

electromagnetic flow meter. Pipelines are important devices for drinking 

water systems. Corrosion is the major cause of pipeline failures in some 

applications. It is a dissolving and wearing a way of metal caused by a 

chemical reaction between water and metal pipes and can cause structural 

failure, leaks, loss of capacity, and deterioration of chemical and 

microbiological water quality (Javaherdashti, R, How Corrosion Affects 

Industry and Life, 2000). Iron corrosion is one of the most complicated and 

costly problems facing drinking water utilities. A large number of 

parameters affect pipe corrosion, including water quality and composition, 

flow conditions, biological activity, and corrosion inhibitors. Cast iron 

pipes have been used to transport potable water for over 500 years, and iron 

pipe corrosion has been a problem for just as long. It has been found that 

the most common distribution system problem is corrosion of cast iron 

pipe. Cathodic protection is the electrical solution to the corrosion 

problems. This system is widely used on buried metallic pipelines and 

cables. It protects pipeline structures and metalwork from corrosion, 

making the metal surface to be protected by a cathode element in a path of 

electric current, encouraging corrosion to form elsewhere in the circuit in a 

less critical or cheaper material (Sarfi, R.J, Salama, M.M.A, Gebotys, A.Y, 

Optimal Design of Cathodic Protection Schemes, 1993). Cathodic 

protection can be provided through the use of impressed current or 

sacrificial anodes. The principle of cathodic protection is that an external 

anode is connected to the metal to be protected; anodes transmit protective 

current from the power supply to the metal and the electrochemical 

potential of the structure becomes more negative, eventually reaching a 

value that provides cathodic protection (Kean, R.L, Davies, K.G, Cathodic 
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Protection, 1981). Electromagnetic flowmeters will only perform correctly 

and have a long life if they are installed properly. The environment, the 

electrical installation, and the mechanical installation all contribute to the 

performance over the longer term. During the installation of 

electromagnetic flow meters in pipelines with cathodic protection, the 

specific system conditions must be taken into account. The cathodic 

protection industry is generally accustomed to look at voltages and that 

makes sense because it is the voltage levels that protect the pipes. It is flow 

of the current that creates these potentials (Flow Measurement Guidance 

Notes, Electromagnetic Flowmeters for the Water Industry, 2003). 

AGGRESSIVENESS OF WATER 

The aggressiveness of water depends upon the presence and 

concentration of dissolved of O2, CO2, and H2S with addition to low PH –

value. The characteristics of the corrosive water [40] are:-    

1- Low PH –value (less than 3.5). 

2- High concentration of dissolved Oxygen O2 (more than 5 ppm). 

3- High concentration of Carbon dioxide CO2 (more than 10 ppm). 

4- High concentration of Hydrogen sulphide H2S (more than 1 ppm). 

5- High salinity (greater than 1500 ppm). 

OBJECTIVES OF STUDY 

1- Realization of the ground water components, their effects and the 

relationship between them and the occurred corrosion in ductile pipes. 

2- Proposing suitable solutions to protect this type of pipes from 

corrosion and how to control it. 

COLLECTION OF WATER SAMPLES 

Several samples of groundwater have been collected in the field by the 

researcher from water wells distributed throughout the study area. 

Collection of water samples was during the continuity of pumping, at head 

of the well (before entering to the gas removal stage). Plastic bottles 1.5 

litre size with locked cover has been used for collection of samples. The 

collection method of groundwater samples, storing   in the field and 

protection during transporting of the samples from study area (southwest 

district) to the Laboratories in Tripoli for analysis have been done 

according to the standards. After collection, the covers of the bottles were 

locked very well, in order to prevent the escape of gases from the samples 

and to prevent the occurrence of evaporation during the period of storage 
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and transporting to keep the concentration as it was during collection of 

samples. 

CHEMICAL ANALYSIS OF GROUNDWATER SAMPLES 

All collected groundwater samples have been analyzed chemically in the 

Laboratories of the Manufacture Research Centre in Tajoura and 

Laboratories of Man-Made River project in Tripoli.  

CONCENTRATION OF DISSOLVED GASES 

The field data consisted of the concentration of dissolved   gases which 

cause corrosion in metallic pipes, such as, Oxygen (O2), Carbon Dioxide 

(CO2) and Hydrogen Sulphide (H2S) in wells water drilled in the study 

area. According to the World Health Organization, in drinking water, the 

concentration of dissolved Oxygen (O2) at 25 Cº, varies from 3 to 5 (ppm)  

and dissolved Carbon Dioxide (CO2) varies from 2 to 3 (ppm) and 

Hydrogen Sulfide (H2S) should be zero. 

RESULTS 

Results of groundwater samples analysis for the regions in the study area 

are shown in Table (1) to (4). 

 

Table (1) Chemical analysis of wells water for Sebha District 

* C.A = Confined Aquifer. 

** Un.A = Unconfined Aquifer 

 

 

Sub - District 
Well 

no. 

 

Depth 

of well 

(m) 

 

Type of 

aquifer 

pH-

Value 

Ca⁺⁺ HCO3
¯
 O2 CO2 

 

H2S 

 

(ppm) (ppm) (ppm) (ppm) (ppm) 

Gas Factory W1 150 Un. A** 7.56 8.00 91.50 7.3 5.5 0 

Althanawya W2 250 Un. A** 7.05 88.20 91.50 7.8 10.0 0 

Mahdia W3 260 C. A* 6.83 152.30 122.00 7.6 9.6 0 

Sukrah W4 180 Un. A** 10.05 40.08 61.00 6.6 10.4 0 

Samno 1 W5 319 C. A* 6.78 112.20 91.50 6.9 9.6 0 

Samno 2 W6 328 C. A* 6.84 120.24 91.50 7.3 13.0 0 

Airport Road W7 210 Un. A** 7.93 16.00 91.50 7.7 12.2 0 

Algadeeda W8 280 C. A* 6.99 256.50 183.00 7.4 10.8 0 

Alnasriyah W9 310 C. A* 7.75 48.10 91.50 6.9 12.2 0 

Manshiyah W10 350 C. A* 7.18 224.45 122.00 7.1 10.4 0 
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Table (2) Chemical analysis of wells water for Murzuq District 

Sub - 

District 
Well 

no. 

 

Depth of 

well 

 

Type of 

aquifer 
pH- 

Value 

Ca⁺⁺ HCO3¯ O2 CO2 H2S 

(m) (ppm) (ppm) (ppm) (ppm) (ppm) 

Gizaw W1 294 C.A* 6.40 5.00 0.50 9.2 14.4 0 

Aqar (east) W2 360 C.A* 6.40 66.00 2.00 8.4 9.6 0 

Aqar (west) W3 299 C.A* 6.50 59.00 1.40 6.9 9.0 0 

Alzaytouna W4 305 C.A* 6.90 5.00 1.00 8.3 14.2 0 

Zweela W5 460 C.A* 7.20 5.00 0.10 9.2 10.4 0 

Adeesa W6 119 C.A* 6.90 6.00 0.60 8.0 13.8 0 

Altaweela W7 461 C.A* 7.60 80.00 2.00 9.8 13.4 0 

Taqroteen W8 180 C.A* 6.72 57.60 1.00 8.7 9.6 0 

Alqatron W9 620 C.A* 6.90 14.56 26.09 8.2 14.2 0 

Tiwaz W10 123 C.A* 7.81 10.00 13.50 8.3 10.6 0 

* Confined Aquifer. 

 

Table (3) Chemical analysis of wells water for Ghatt District 

Sub- District Well 

No. 

 

Depth 

of 

well 

Type 

of 

aquifer 

pH- 

Value 

Ca⁺⁺ HCO3¯ O2 CO2 H2S 

(m) (ppm) (ppm) (ppm) (ppm) (ppm) 

Tahala -01 W1 400 C.A* 6.51 48.01 85.43 9.1 11.2 0 

Tahala -02 W2 400 C.A* 6.24 32.01 85.43 10.7 12.4 0 

Goyon W3 380 C.A* 6.60 32.00 146.40 10.5 11.6 0 

Uruba W4 420 C.A* 6.93 24.00 12.20 8.4 13.0 0 

Tagraen W5 330 C.A* 7.06 24.00 73.20 9.9 18.4 0 

Fellalan W6 250 C.A* 5.95 36.00 24.40 10.5 16.2 0 

Mahtta 

Alberket 
W7 320 C.A* 7.51 20.42 74.84 10.0 18.0 0 

Mazraa 

Alberket 
W8 290 C.A* 7.60 28.58 77.72 9.9 12.8 0 

Agrem 

Alberket 
W9 350 C.A* 7.58 24.50 77.72 8.5 18.4 0 

Shada 

Alberket 
W10 270 C.A* 7.42 12.25 77.72 7.7 13.4 0 

* Confined Aquifer. 
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Table (4) Chemical analysis of wells water for Wadi Al-Shatti District 
 

* Confined Aquifer. 

 

From these results: 

1. For Sebha district: 

- High pH- value found in well no.4. 

- High concentration of dissolved Ca
++

 found in wells no.8 and 10. 

- High concentration of dissolved HCO3
-
 found in well no. 8. 

2. For Murzuq district: 

- High concentration of dissolved Ca
++

 found in wells no. 2, 3, 7and 8. 

- High concentration of dissolved HCO3
-
 found in wells no. 9 and 10. 

3. For Ghatt district: 

- High concentration of dissolved Ca
++

 found in well no.1. 

- High concentration of dissolved HCO3
-
 found in well no. 3. 

4. For Wadi Al-Shatti district: 

- High concentration of dissolved HCO3
-
 found in well no.5. 

- High concentration of dissolved CO2 found in well no. 13. 

 

Sub- 

District 

Well 

no. 

Depth 

of 

well 

 

Type 

of 

aquifer 

pH- 

Value 

Ca⁺⁺ HCO3
-
 O2 CO2 H2S 

(m) (ppm) (ppm) (ppm) (ppm) (ppm) 

Ashkeda W1 280 C.A* 7.20 24 85.22 7.9 11.6 0 

Dabdab W2 320 C.A* 7.10 32 73.20 8.3 14.8 0 

Qera Alsarir W3 260 C.A* 6.70 25.6 91.25 7.4 11.8 0 

Aqar W4 240 C.A* 6.70 21.6 85.22 8.1 13.2 0 

Brak W5 347 C.A* 7.30 16 122.88 8.6 11.0 0 

Tamzawa W6 348 C.A* 6.80 17.6 74.00 9.2 12.2 0 

Mahroqa W7 107 C.A* 6.90 12.8 73.84 6.9 13.4 0 

Alqarda W8 190 C.A* 7.10 12 61.24 8.6 14.8 0 

Aldesa W9 80 C.A* 7.00 9.6 84.40 9.3 17.2 0 

Taroot W10 220 C.A* 7.20 12 72.28 8.0 10.8 0 

Barqen W11 250 C.A* 7.30 17.6 95.36 7.9 11.1 0 

Alzahra W12 210 C.A* 7.30 28 73.36 9.8 11.8 0 

Wanzrek W13 310 C.A* 6.60 18.4 95.76 11.2 11.04 0 

Almansora W14 280 C.A* 7.00 33.6 84.32 6.7 13.2 0 

Tamsan W15 260 C.A* 6.60 19.2 76.72 7.1 12.0 0 
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CONCLUSIONS 

     This study has the following findings:- 

 There is a high concentration of O2 in most of the wells in the district. 

The higher level of concentration in Wadi Al-Shatti is 11.2 (ppm), Ghatt 

is 10.7 (ppm), Murzuq is 9.8 (ppm) and Sebha is 7.8 (ppm), whereas, the 

allowed concentration is 5 (ppm). 

 There is high concentration of CO2 in several wells. The higher level of 

concentration in Ghatt is 18.4 (ppm), Wadi Al-Shatti is 14.8 (ppm), 

Murzuq is 14.4 (ppm) and Sebha is 13 (ppm), whereas, the allowed 

concentration is 10 (ppm). 

 Traces of H2S in the samples were collected. 

 The range of pH- Index is from 5.95 to 10.05. 

Therefore, the internal corrosion of the metallic water pipelines in the 

district mainly was related to the effect of existence of high level of O2 and 

CO2.  

In order to protect the metallic water pipelines in the study area from the 

internal corrosion, groundwater from this aquifer should be treated to 

remove CO2 before pumping the water. 
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