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ABSTRACT

Industrial wastewater is discharged from industries and associated processes utilizing 
water. Industrial water cooling systems generated large amount wastewater. Industrial 
water cooling systems produce waste such as silt, heat, biocide and slimes. The 
problems need to be controlled or eliminated are at interferes with heat, commonly 
referred to as deposits and deterioration of the water-contacted equipment, referred to 
as corrosion. Therefore, this research is carried out to overcome this problem by
determine the behavior of wastewater from industrial water cooling systems and 
determine the influence of concentration of Acid Hydrochloric in water cooling 
systems during Passivation process. The parameters considered based on APHA 
method in Standard Methods for Examination of Water and Wastewater (2005) are 
including Chemical Oxygen Demand (COD), Total Organic Carbon (TOC), pH, 
Turbidity, Heavy Metals (Iron, Lead, Copper, Nitrate and Nickel). The study of 
behavior of wastewater from industrial water cooling systems will be taken place at 
behind the block W, Universiti Malaysia Pahang, Campus Gambang, Pahang Darul 
Makmur. The results show that all parameters except lead are recorded to be over than 
standard that have been use for comparison purpose such as the highest concentration 
of iron recorded that 3012 mg/L but the standard is 5 mg/L. As a conclusion, this 
effluent need proper treatment before been discharge because majority of parameters 
over than standard propose. According to study of concentration of Acid Hydrochloric 
(HCl) can affect the efficiency of passivation for Carbon Steel pipe. For concentration 
HCl 2 %, passivator needs to increase from 0.1% to 1.0% and pH also not exceed to 
alkali conditions or not in range 10-12 for effective passivation.



ABSTRAK

Air buangan industri adalah daripada industri-industri dan proses-proses tertentu yang 
menggunakan air. Sistem-sistem pendingin air perindustrian air buangan jumlah besar 
dijanakan. Sistem-sistem pendingin air perindustrian menghasilkan sisa-sisa seperti 
kelodak, haba, biosid dan lendir. Masalah-masalah itu hendaklah dikawal atau 
disingkirkan adalah pada campur tangan dengan haba, biasanya dirujuk sebagai 
deposit dan kemerosotan air dihubungi peralatan, dirujuk sebagai kakisan. Oleh itu, 
penyelidikan ini dijalankan bagi mengatasi masalah ini dengan menentukan tingkah 
laku air buangan itu daripada sistem-sistem pendingin air perindustrian dan 
menentukan pengaruh tumpuan Acid Hydrochloric dalam sistem-sistem pendingin air 
semasa proses Pempasifan. Parameter itu mengikut kaedah APHA dalam Standard 
Methods for Examination of Water and Wastewater (2005) adalah termasuk Keperluan 
Oksigen Kimia (COD), Jumlah Karbon Organic (TOC), pH, Kejernihan, Logam Berat 
(Besi, Plumbum, Tembaga, Nitrat dan Nikel). Kajian tingkah laku itu air buangan 
daripada sistem-sistem pendingin air perindustrian akan menjadi berlaku pada di 
belakang blok W, Universiti Malaysia Pahang, Campus Gambang, Pahang Darul 
Makmur. Keputusan-keputusan itu menunjukkan semua parameter kecuali plumbum 
direkodkan melebihi daripada standard yang telah menggunakan untuk tujuan 
perbandingan seperti kepekatan tertinggi besi itu direkodkan yang 3012 mg/L tetapi 
standard adalah 5 mg/L.  Seperti satu keputusan, keperluan pengaliran keluar ini 
rawatan sesuai sebelum pernah melaksanakan kerana majoriti parameter mengenai 
daripada standard mencadangkan. Mengikut kajian Acid Hydrochloric (HCl) boleh 
menjejaskan kecekapan pempasifan untuk paip Keluli Karbon. Untuk kepekatan HCl 2 
%, pempasif perlu ditingkatkan daripada 0.1% kapada 1.0% dan pH juga tidak 
mengikuti syarat alkali atau bukan dalam julat 10-12 untuk pempasifan yang berkesan.
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CHAPTER 1

INTRODUCTION

1.1 Background of Study

Since the Second World War, rapid development has improved the standard of 

living and quality of life for millions of peoples the world over. This growth has 

come at the cost of a thirty-fold increase in the use of fossil fuels and a fifty-fold 

increase in industrial production over the past century. As a result, significant 

amounts of once freely available natural resources have been consumed by 

industry, leaving the earth depleted for future generations. Much of the waste 

produced from these activities is directly discharged into natural water bodies. In 

developed countries, industry is the biggest consumer of water and accounts for 

50% to 80% of total demand. This is far more than the 10% to 30% in developing 

countries where agriculture is the largest consumer. However, industrial water use 

is certain to increase over the next decade. In many countries, the high rates of 

consumption in the last decade have exceeded capacity to replenish dwindling 

water sources and put excessive pressure on existing resources driving up the cost 

of raw water for industrial applications (Visvanathan, 2001).



Industrial wastewater is discharged from industries and associated processes 

utilizing water. Industrial water users in the United States discharge over 285 billion 

gal of wastewater daily (Corbitt, 1990). Water is used in industrial cooling, product 

washing and transport, product generation, and other purposes. Although variable 

between industries and plants within the same industry, about two-thirds of the total 

wastewater generated from U.S. industries results from cooling operations (Corbitt, 

1990).

Industrial water cooling systems produce waste such as silt, heat, biocide and 

slimes. These chemicals can damage aquatic life as they are carried downstream. 

Furthermore, the added chemicals can warm the river, which decreases the amount of 

oxygen that the fish need to live. Water pollution will cause the water shortage and 

affect the quality of the supplied water. Once the water is polluted, people will face the 

water shortage problem. When the water is polluted, it will affect the water supply. 

Reservoir collects the water from rivers, once the river is polluted, the water quality in 

reservoir will be low. Water Quality Monitoring is an important aspect of water 

quality management. It helps in identification of the areas in need of restoration, extent 

of pollution control required, effectiveness of pollution control efforts and water 

quality trend over a period of time (Prevention and Control of Pollution Act,1974).

Industrialist need to manage wastewater from cooling water systems properly by 

practice corrosion monitoring, prevention, and control in underground piping and tank 

bottoms so wastewater from water cooling systems can be recycle and, where cost-

effective, treated wastewater. Implementation of pollution prevention measures can 

yield both economic and environmental benefits. However, a balance on energy usage 



and environmental impacts may have to be struck. The values relate to the production 

processes before the addition of pollution control measures.

1.2 Problem statement

Industrial water cooling systems generated large amount wastewater. Industrial 

water cooling systems produce waste such as silt, heat, biocide and slimes. The 

problems need to be controlled or eliminated are at interferes with heat transfer (or in 

cooling towers, heat rejection), commonly referred to as deposits and deterioration of 

the water-contacted equipment, referred to as corrosion.

Corrosion of metals in cooling and boiler water systems occurs in differing forms 

depending on the condition of the water, temperature, flow rate, etc. This is a special 

type of crevice corrosion where the crevice or space is caused by a deposit on the 

metal surface. Scale, corrosion products or a variety of other debris can cause deposits 

under which accelerated corrosion occurs. After deposits are formed, it is difficult to 

stop underdeposit corrosion, because the deposits make it difficult to get corrosion 

inhibitors to the metal surface suffering the high corrosion rates.Another form of 

underdeposit corrosion common in open recirculating cooling systems is caused by the 

attachment of biomasses to metal surfaces. The biomass produces by-products that are 

corrosive to most metals and are held next to the metal surface by the biomass. 



Therefore, this research is carried out to overcome this problem by determine the 

behavior of wastewater from industrial water cooling systems and to determine the 

influence of concentration of acid hydrochloric in water cooling systems during 

passivation process.

1.3 Objectives of the Study

The objectives of the study are:

i. To determine the behavior of wastewater from industrial water cooling 

systems.

ii. To determine the influence of concentration of Acid Hydrochloric in 

water cooling systems during Passivation process.

1.4 Scope of Study

The scopes of the study to ahieve the objectives are:

i. Samples are taken from Gebeng Industrial.



ii. Parameters that suitable for laboratory analysis are Chemical Oxygen 

Demand (COD), Total Organic Carbon (TOC), pH, Turbidity, Iron, 

Lead, Copper, Nitrate and Nickel.

iii. Consist of in-situ measurement during water sampling as well as 

laboratory testing. The parameter involve in in-situ measurement is pH 

while the other parameters such as COD, TOC, Turbidity, Iron, Lead, 

Copper, Nitrate and Nickel will be tested in the lab.

1.5 Significant of Study

The study will serve at the good application of environmental studies which is 

theories into practical by giving the opportunity for the student to conduct site 

investigation and to carry out laboratory testing for the analysis of the wastewater 

of industrial water cooling systems. The student will able to develope knowledge 

and skill from doing investigation of capability of pipes. Understandings about 

effectiveness of monitor properly for the life expectancy and/or the operating 

efficiency of the water cooling systems. Critical thinking of how to solving 

problem can be develope from this study. The industrialist also can gain unique 

benefits to manage piping systems in cooling water systems properly with 

minimum cost and avoid potential of environmental issues.
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CHAPTER 2

LITERATURE REVIEW

2.1 Industrial Wastewater

Industrial wastewater is discharged from industries and associated processes 

utilizing water. Industrial water users in the United States discharge over 285 billion 

gal of wastewater daily (Corbitt 1990). Water is used in industrial cooling, product 

washing and transport, product generation, and other purposes. Although variable 

between industries and plants within the same industry, about two-thirds of the total 

wastewater generated from U.S. industries results from cooling operations (Corbitt 

1990).

2.1.1 Wastewater Characteristics 

Wastewater quality can be defined by physical, chemical, and biological 

characteristics. Physical parameters include color, odor, temperature, solids (residues), 

turbidity, oil, and grease. Solids can be further classified into suspended and dissolved 

solids (size and settleability) as well as organic (volatile) and inorganic (fixed) 

fractions. Chemical parameters associated with the organic content of wastewater 

include the biochemical oxygen demand (BOD), chemical oxygen demand (COD), 
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total organic carbon (TOC), and total oxygen demand (TOD). BOD is a measure of 

the organics present in the water, determined by measuring the oxygen necessary to 

biostabilize the organics (the oxygen equivalent of the biodegradable organics 

present). 

Inorganic chemical parameters include salinity, hardness, pH, acidity, 

alkalinity, iron, manganese, chlorides, sulfates, sulfides, heavy metals (mercury, lead, 

chromium, copper, and zinc), nitrogen (organic, ammonia, nitrite, and nitrate), and 

phosphorus. Bacteriological parameters include coliforms, fecal coliforms, specific 

pathogens, and viruses (Canter, 1999).

Table 2.1 Parameters Addressed In Discharge Standards for Selected Industrial

Wastewaters (Corbitt, 1990)

COD TOC Heavy Metal Copper Nickel Iron Lead Nitrate Turbidity

Automobile x x x x x

Beverage x

Canning x x

Fertilizer x x x

Inorganic 

Chemical

x x

Organic Chemical x x x x

Meat Products x x

Metal Finishing x x

Plastics & 

Synthetics

x x

Pulp & Paper x x x x x

Petroleum Refining x x x x x x

Steel x x

Textiles x x

Dairy x x x x

Industry Parameter
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Table 2.2 Physical and Chemical Characteristics of Wastewater and Their

      Sources (Metcalf and Eddy, Inc., 1991)

Characteristic Sources

Physical Properties

 Color 

 Odor 

 Solids 

 Temperature 

Chemical Constituents

ORGANIC
 Carbohydrates 

 Fats, oils, and grease 

 Pesticides 
 Phenols 
 Proteins

 Priority pollutants 

 Surfactants 

 VOCs 

 Other 

INORGANIC
 Alkalinity 

 Chlorides 

 Heavy metals 
 Nitrogen 
 pH

 Phosphorus 

 Priority pollutants 

 Sulfur 

 Domestic and industrial wastes and 
natural decay of organic materials

 Decomposing wastewater and industrial 
wastes

 Domestic water supply, domestic and 
industrial wastes, soil erosion, and 
inflow/infiltration

 Domestic and industrial wastes

 Domestic, commercial, and industrial 
wastes

 Domestic, commercial, and industrial 
wastes

 Agricultural wastes
 Industrial wastes
 Domestic, commercial, and industrial 

wastes
 Domestic, commercial, and industrial 

wastes
 Domestic, commercial, and industrial 

wastes
 Domestic, commercial, and industrial 

wastes
 Natural decay of organic materials

 Domestic wastes, domestic water supply, 
and groundwater infiltration

 Domestic wastes, domestic water supply, 
and groundwater infiltration

 Industrial wastes
 Domestic and agricultural wastes
 Domestic, commercial, and industrial 

wastes
 Domestic, commercial, and industrial 

wastes and natural runoff
 Domestic, commercial, and industrial 

wastes
 Domestic water supply and domestic, 

commercial, and industrial wastes



9

2.1.2 Water Quality

Water quality is the physical, chemical and biological characteristics of water

in relationship to a set of standards. In the United States, Water Quality Standards are 

created by state agencies for different types of water bodies and water body locations 

per desired uses (Clean Water Act, 1987). United States Environmental Protection 

Agency stated that in the setting of standards, agencies make political and technical or 

scientific decisions about how the water will be used. 

2.1.2.1 Measurement of Water Quality

The complexity of water quality as a subject is reflected in the many types of 

measurements of water quality indicators. Some of the simple measurements can be 

made on-site (temperature, pH, dissolved oxygen, conductivity) or in direct contact 

with the water source in question. More complex measurements that must be made in 

a lab setting require a water sample to be collected, preserved the water sample, and 

analyzed the water sample at another location such as laboratory. 

2.2              Piping Systems

A piping system is a set of components including pipe, pipe fittings, flanges, 

bolting, gaskets, relief devices, and the pressure-retaining parts included in any stress 

analysis. It also includes the hangers, supports, and other equipment necessary to 

prevent overstressing of the pressure-retaining parts. It does not include the structure 

and equipment and foundations, except as they may affect the stress analysis 

(Ellenberger, 2005)
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2.2.1 Piping Materials

There are many factors to consider in choosing piping materials. They are 

including such things as availability, type of service, and fluid (Ellenberger 

2005).There is an extremely wide range of pipeline materials available. These are 

selected on various criteria the two most important of which are suitability for service 

and cost.  The suitability for service is determined primarily on the materials 

resistance to attack by the fluid being transferred and the external environment.  The 

internal corrosion resistance is more important than the external resistance. It is easier 

to protect and monitor and repair the external surfaces.   Also the environment 

generally provides a less arduous regime. A typical range of fluids with suitable 

pipeline materials is listed in Table 2.3 below (Roymech, 2008).

Table 2.3: Typical range of fluids with suitable pipeline materials (Roymech, 2008)

Fluid Pipe line material

Process Air Carbon Steel, Copper, Plastic 

Potable Water Carbon Steel, Copper, Plastic 

Low Pressure Sat.Steam Carbon Steel, Copper 

High Pressure Dry Steam Carbon Steel, 

Demineralised Water 304 Stainless Steel, 

Seawater 

304 or 316 St.steels, Aluminium Bronzes, Copper 

nickel alloys, Nickel alloys, Superduplex, 6% or 

7% Mo St. steels, Duplex steels, Titanium 

Nitric Acid 304 Stainless Steel 

Nitrogen, Carbon Steel, 

Argon Carbon Steel, 

Instrument Air Carbon Steel, 
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ABSTRACT







Industrial wastewater is discharged from industries and associated processes utilizing water. Industrial water cooling systems generated large amount wastewater. Industrial water cooling systems produce waste such as silt, heat, biocide and slimes. The problems need to be controlled or eliminated are at interferes with heat, commonly referred to as deposits and deterioration of the water-contacted equipment, referred to as corrosion. Therefore, this research is carried out to overcome this problem by determine the behavior of wastewater from industrial water cooling systems and determine the influence of concentration of Acid Hydrochloric in water cooling systems during Passivation process. The parameters considered based on APHA method in Standard Methods for Examination of Water and Wastewater (2005) are including Chemical Oxygen Demand (COD), Total Organic Carbon (TOC), pH, Turbidity, Heavy Metals (Iron, Lead, Copper, Nitrate and Nickel). The study of behavior of wastewater from industrial water cooling systems will be taken place at behind the block W, Universiti Malaysia Pahang, Campus Gambang, Pahang Darul Makmur. The results show that all parameters except lead are recorded to be over than standard that have been use for comparison purpose such as the highest concentration of iron recorded that 3012 mg/L but the standard is 5 mg/L. As a conclusion, this effluent need proper treatment before been discharge because majority of parameters over than standard propose. According to study of concentration of Acid Hydrochloric (HCl) can affect the efficiency of passivation for Carbon Steel pipe. For concentration HCl 2 %, passivator needs to increase from 0.1% to 1.0% and pH also not exceed to alkali conditions or not in range 10-12 for effective passivation.




ABSTRAK





Air buangan industri adalah daripada industri-industri dan proses-proses tertentu yang menggunakan air. Sistem-sistem pendingin air perindustrian air buangan jumlah besar dijanakan. Sistem-sistem pendingin air perindustrian menghasilkan sisa-sisa seperti kelodak, haba, biosid dan lendir. Masalah-masalah itu hendaklah dikawal atau disingkirkan adalah pada campur tangan dengan haba, biasanya dirujuk sebagai deposit dan kemerosotan air dihubungi peralatan, dirujuk sebagai kakisan. Oleh itu, penyelidikan ini dijalankan bagi mengatasi masalah ini dengan menentukan tingkah laku air buangan itu daripada sistem-sistem pendingin air perindustrian dan menentukan pengaruh tumpuan Acid Hydrochloric dalam sistem-sistem pendingin air semasa proses Pempasifan. Parameter itu mengikut kaedah APHA dalam Standard Methods for Examination of Water and Wastewater (2005) adalah termasuk Keperluan Oksigen Kimia (COD), Jumlah Karbon Organic (TOC), pH, Kejernihan, Logam Berat (Besi, Plumbum, Tembaga, Nitrat dan Nikel). Kajian tingkah laku itu air buangan daripada sistem-sistem pendingin air perindustrian akan menjadi berlaku pada di belakang blok W, Universiti Malaysia Pahang, Campus Gambang, Pahang Darul Makmur. Keputusan-keputusan itu menunjukkan semua parameter kecuali plumbum direkodkan melebihi daripada standard yang telah menggunakan untuk tujuan perbandingan seperti kepekatan tertinggi besi itu direkodkan yang 3012 mg/L tetapi standard adalah 5 mg/L.  Seperti satu keputusan, keperluan pengaliran keluar ini rawatan sesuai sebelum pernah melaksanakan kerana majoriti parameter mengenai daripada standard mencadangkan. Mengikut kajian Acid Hydrochloric (HCl) boleh menjejaskan kecekapan pempasifan untuk paip Keluli Karbon. Untuk kepekatan HCl 2 %, pempasif perlu ditingkatkan daripada 0.1% kapada 1.0% dan pH juga tidak mengikuti syarat alkali atau bukan dalam julat 10-12 untuk pempasifan yang berkesan.
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CHAPTER 1

INTRODUCTION

1.1  Background of Study

Since the Second World War, rapid development has improved the standard of living and quality of life for millions of peoples the world over. This growth has come at the cost of a thirty-fold increase in the use of fossil fuels and a fifty-fold increase in industrial production over the past century. As a result, significant amounts of once freely available natural resources have been consumed by industry, leaving the earth depleted for future generations. Much of the waste produced from these activities is directly discharged into natural water bodies. In developed countries, industry is the biggest consumer of water and accounts for 50% to 80% of total demand. This is far more than the 10% to 30% in developing countries where agriculture is the largest consumer. However, industrial water use is certain to increase over the next decade. In many countries, the high rates of consumption in the last decade have exceeded capacity to replenish dwindling water sources and put excessive pressure on existing resources driving up the cost of raw water for industrial applications (Visvanathan, 2001).

Industrial wastewater is discharged from industries and associated processes utilizing water. Industrial water users in the United States discharge over 285 billion gal of wastewater daily (Corbitt, 1990). Water is used in industrial cooling, product washing and transport, product generation, and other purposes. Although variable between industries and plants within the same industry, about two-thirds of the total wastewater generated from U.S. industries results from cooling operations (Corbitt, 1990).

Industrial water cooling systems produce waste such as silt, heat, biocide and slimes. These chemicals can damage aquatic life as they are carried downstream. Furthermore, the added chemicals can warm the river, which decreases the amount of oxygen that the fish need to live. Water pollution will cause the water shortage and affect the quality of the supplied water. Once the water is polluted, people will face the water shortage problem. When the water is polluted, it will affect the water supply. Reservoir collects the water from rivers, once the river is polluted, the water quality in reservoir will be low. Water Quality Monitoring is an important aspect of water quality management. It helps in identification of the areas in need of restoration, extent of pollution control required, effectiveness of pollution control efforts and water quality trend over a period of time (Prevention and Control of Pollution Act,1974).

Industrialist need to manage wastewater from cooling water systems properly by practice corrosion monitoring, prevention, and control in underground piping and tank bottoms so wastewater from water cooling systems can be recycle and, where cost-effective, treated wastewater. Implementation of pollution prevention measures can yield both economic and environmental benefits. However, a balance on energy usage and environmental impacts may have to be struck. The values relate to the production processes before the addition of pollution control measures.

1.2 Problem statement

Industrial water cooling systems  generated large amount wastewater. Industrial water cooling systems produce waste such as silt, heat, biocide and slimes. The problems need to be controlled or eliminated are at interferes with heat transfer (or in cooling towers, heat rejection), commonly referred to as deposits and deterioration of the water-contacted equipment, referred to as corrosion.

Corrosion of metals in cooling and boiler water systems occurs in differing forms depending on the condition of the water, temperature, flow rate, etc. This is a special type of crevice corrosion where the crevice or space is caused by a deposit on the metal surface. Scale, corrosion products or a variety of other debris can cause deposits under which accelerated corrosion occurs. After deposits are formed, it is difficult to stop underdeposit corrosion, because the deposits make it difficult to get corrosion inhibitors to the metal surface suffering the high corrosion rates.Another form of underdeposit corrosion common in open recirculating cooling systems is caused by the attachment of biomasses to metal surfaces. The biomass produces by-products that are corrosive to most metals and are held next to the metal surface by the biomass. 

Therefore, this research is carried out to overcome this problem by determine the behavior of wastewater from industrial water cooling systems and to determine the influence of concentration of acid hydrochloric in water cooling systems during passivation process.

1.3 Objectives of the Study 


The objectives of the study are:

i. To determine the behavior of wastewater from industrial water cooling systems.

ii. To determine the influence of concentration of Acid Hydrochloric in water cooling systems during Passivation process.

1.4 Scope of Study

The scopes of the study to ahieve the objectives are:

i. Samples are taken from Gebeng Industrial.

ii. Parameters that suitable for laboratory analysis are Chemical Oxygen Demand (COD), Total Organic Carbon (TOC), pH, Turbidity, Iron, Lead, Copper, Nitrate and Nickel.

iii. Consist of in-situ measurement during water sampling as well as laboratory testing. The parameter involve in in-situ measurement is pH while the other parameters such as COD, TOC, Turbidity, Iron, Lead, Copper, Nitrate and Nickel will be tested in the lab.

1.5 Significant of Study

The study will serve at the good application of environmental studies which is theories into practical by giving the opportunity for the student to conduct site investigation and to carry out laboratory testing for the analysis of the wastewater of industrial water cooling systems. The student will able to develope knowledge and skill from doing investigation of capability of pipes. Understandings about effectiveness of monitor properly for the life expectancy and/or the operating efficiency of the water cooling systems. Critical thinking of how to solving problem can be develope from this study. The industrialist also can gain unique benefits to manage piping systems in cooling water systems properly with minimum cost and avoid potential of environmental issues.
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CHAPTER 2







LITERATURE REVIEW







2.1 		Industrial Wastewater





Industrial wastewater is discharged from industries and associated processes utilizing water. Industrial water users in the United States discharge over 285 billion gal of wastewater daily (Corbitt 1990). Water is used in industrial cooling, product washing and transport, product generation, and other purposes. Although variable between industries and plants within the same industry, about two-thirds of the total wastewater generated from U.S. industries results from cooling operations (Corbitt 1990).







2.1.1		Wastewater Characteristics 





Wastewater quality can be defined by physical, chemical, and biological characteristics. Physical parameters include color, odor, temperature, solids (residues), turbidity, oil, and grease. Solids can be further classified into suspended and dissolved solids (size and settleability) as well as organic (volatile) and inorganic (fixed) fractions. Chemical parameters associated with the organic content of wastewater include the biochemical oxygen demand (BOD), chemical oxygen demand (COD), 





total organic carbon (TOC), and total oxygen demand (TOD). BOD is a measure of the organics present in the water, determined by measuring the oxygen necessary to biostabilize the organics (the oxygen equivalent of the biodegradable organics present). 





Inorganic chemical parameters include salinity, hardness, pH, acidity, alkalinity, iron, manganese, chlorides, sulfates, sulfides, heavy metals (mercury, lead, chromium, copper, and zinc), nitrogen (organic, ammonia, nitrite, and nitrate), and phosphorus. Bacteriological parameters include coliforms, fecal coliforms, specific pathogens, and viruses (Canter, 1999). 
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Table 2.1	Parameters Addressed In Discharge Standards for Selected Industrial

		Industry

		Parameter





 Wastewaters (Corbitt, 1990)







Table 2.2	 Physical and Chemical Characteristics of Wastewater and Their

      Sources (Metcalf and Eddy, Inc., 1991)



		Characteristic



		Sources





		Physical Properties



· Color 



· Odor 



· Solids 





· Temperature 





Chemical Constituents



ORGANIC

· Carbohydrates 



· Fats, oils, and grease 



· Pesticides 

· Phenols 

· Proteins



· Priority pollutants 



· Surfactants 



· VOCs 



· Other 



INORGANIC

· Alkalinity 



· Chlorides 



· Heavy metals 

· Nitrogen 

· pH



· Phosphorus 



· Priority pollutants 



· Sulfur 

		



· Domestic and industrial wastes and natural decay of organic materials

· Decomposing wastewater and industrial wastes

· Domestic water supply, domestic and industrial wastes, soil erosion, and inflow/infiltration

· Domestic and industrial wastes











· Domestic, commercial, and industrial wastes

· Domestic, commercial, and industrial wastes

· Agricultural wastes

· Industrial wastes

· Domestic, commercial, and industrial wastes

· Domestic, commercial, and industrial wastes

· Domestic, commercial, and industrial wastes

· Domestic, commercial, and industrial wastes

· Natural decay of organic materials





· Domestic wastes, domestic water supply, and groundwater infiltration

· Domestic wastes, domestic water supply, and groundwater infiltration

· Industrial wastes

· Domestic and agricultural wastes

· Domestic, commercial, and industrial wastes

· Domestic, commercial, and industrial wastes and natural runoff

· Domestic, commercial, and industrial wastes

· Domestic water supply and domestic, commercial, and industrial wastes













2.1.2		Water Quality





Water quality is the physical, chemical and biological characteristics of water in relationship to a set of standards. In the United States, Water Quality Standards are created by state agencies for different types of water bodies and water body locations per desired uses (Clean Water Act, 1987). United States Environmental Protection Agency stated that in the setting of standards, agencies make political and technical or scientific decisions about how the water will be used. 





2.1.2.1		Measurement of Water Quality



The complexity of water quality as a subject is reflected in the many types of measurements of water quality indicators. Some of the simple measurements can be made on-site (temperature, pH, dissolved oxygen, conductivity) or in direct contact with the water source in question. More complex measurements that must be made in a lab setting require a water sample to be collected, preserved the water sample, and analyzed the water sample at another location such as laboratory. 



2.2              Piping Systems



A piping system is a set of components including pipe, pipe fittings, flanges, bolting, gaskets, relief devices, and the pressure-retaining parts included in any stress analysis. It also includes the hangers, supports, and other equipment necessary to prevent overstressing of the pressure-retaining parts. It does not include the structure and equipment and foundations, except as they may affect the stress analysis (Ellenberger, 2005)

2.2.1		Piping Materials 



There are many factors to consider in choosing piping materials. They are including such things as availability, type of service, and fluid (Ellenberger 2005).There is an extremely wide range of pipeline materials available. These are selected on various criteria the two most important of which are suitability for service and cost.  The suitability for service is determined primarily on the materials resistance to attack by the fluid being transferred and the external environment.   The internal corrosion resistance is more important than the external resistance. It is easier to protect and monitor and repair the external surfaces.   Also the environment generally provides a less arduous regime. A typical range of fluids with suitable pipeline materials is listed in Table 2.3 below (Roymech, 2008).



Table 2.3: Typical range of fluids with suitable pipeline materials (Roymech, 2008)

		Fluid

		Pipe line material



		Process Air 

		Carbon Steel,  Copper,  Plastic 



		Potable Water 

		Carbon Steel,  Copper,  Plastic 



		Low Pressure Sat.Steam 

		Carbon Steel,  Copper 



		High Pressure Dry Steam 

		Carbon Steel, 



		Demineralised Water 

		304 Stainless Steel, 



		Seawater 

		304 or 316 St.steels,  Aluminium Bronzes, Copper nickel alloys,  Nickel alloys,   Superduplex, 6% or 7% Mo St. steels,  Duplex steels,  Titanium 



		Nitric Acid 

		304 Stainless Steel 



		Nitrogen, 

		Carbon Steel, 



		Argon 

		Carbon Steel, 



		Instrument Air 

		Carbon Steel, 







2.2.2 Material of Carbon Steel Pipe 



Materials are containing no principle alloying elements and usually piping are useable up to 400oC.   Widely used and design requirements are detailed in all relevant codes. Corrosion allowed for when necessary by applying corrosion allowances (Roymech, 2008).  Steels are first classified according to their chemistry. Steel pipe and fittings are alloys of iron (Fe) and carbon, containing less than 1.7% carbon. Carbon steels consist of iron, less than 1.7% carbon, less than 1.65% manganese, incidental amounts of silicon (Si), aluminium (Al), and limits on impurities such as sulfur (Su), oxygen (O), nitrogen (N) and specificied minimum for elements such as Al, Cr, Co, Ni, Mo, Ni. Carbon steel is the most common pipe material in power, chemical, process, hydrocarbon and pipeline industries (George, 2003). 



Plain-carbon steel is a metal alloy, a combination of two elements, iron and carbon, where other elements are present in quantities too small to affect the properties. The only other alloying elements allowed in plain-carbon steel are: manganese (1.65% max), silicon (0.60% max), and copper (0.60% max). Steel with low carbon content has the same properties as iron, soft but easily formed. As carbon content rises the metal becomes harder and stronger but less ductile and more difficult to weld. Higher carbon content lowers steel's melting point and its temperature resistance in general (Oberg et. al., 1996). Typical compositions of carbon are (Smith and Hashemi, 2006):



a. Mild (low carbon) steel: approximately 0.05% to 0.26% carbon content with up to 0.4% manganese content. Less strong but cheap and easy to shape, surface hardness can be increased through carburizing.

b. Medium carbon steel: approximately 0.29% to 0.54% carbon content with 0.60 to 1.65% manganese content. Balances ductility and strength and has good wear resistance; used for large parts, forging and automotive components.

c. High carbon steel: approximiately 0.55% to 0.95% carbon content with 0.30 to 0.90% manganese content. Very strong, used for springs and high-strength wires. 

d. Very high carbon steel: approximately 0.96% to 2.1% carbon content specially processed to produce specific atomic and molecular microstructures.



2.2.3		Corrosion 

Corrosion of metals depends on the kind of metals, the environmental conditions and the kind of the ions present in the environment. Inhibitors are widely used in the corrosion protection of metals in several environments. Corrosion inhibitors are needed to reduce corrosion rates of metallic metarials in corrosive media (El Achouri. et al., 1998).



Numerous studies on corrosion inhibition using organic compounds have been reported. It has been accepted that the corrosion inhibition process results from the formation of organic inhibitor films on the metal surface. It was shown that inhibiting effect dependents on pH value (Hajjaji .et al., 1993). The use of inhibitors is one of the most practical methods for protection against corrosion, especially in acidic media. Acid solutions are generally used in several industrial processes. HCl is widely used in the pickeling solutions (Chebabe. et al., 2005).



[bookmark: bbib1][bookmark: bbib3][bookmark: bbib4]Acid solutions are widely used in industry, e.g., chemical cleaning, descaling and pickling, which leads to corrosive attack. Therefore, the consumption of inhibitors to reduce corrosion has increased in recent years. The corrosion control by inhibitors is one of the most common, effective and economic methods to protect metals in acid media (Fouda. et al., 2006). The majority of the well-known inhibitors are organic compounds containing heteroatoms, such as oxygen, nitrogen or sulphur, and multiple bonds, which allow an adsorption on the metal surface (Ali. et al., 2003). It has been observed that the adsorption of these inhibitors depends on the physico-chemical properties of the functional groups and the electron density at the donor atom. 





[bookmark: mml49][bookmark: bbib5][bookmark: bbib7][bookmark: bbib8]The adsorption occurs due to the interaction of the lone pair and/or [image: View the MathML source]-orbitals of inhibitor with d-orbitals of the metal surface atoms, which evokes a greater adsorption of the inhibitor molecules onto the surface, leading to the formation of a corrosion protection film (Popova. et al., 2003). The adsorption is also influenced by the structure and the charge of metal surface, and the type of testing electrolyte (Abenso. et al., 2009). The choice of effective inhibitors is based on their mechanism of action and electron-donating ability. The significant criteria involved in this selection are molecular structure, electron density on the donor atoms, solubility and dispersibility (Popova. et al., 2003).



The rate of corrosion on a piping system is related to basically these factors (Bozkurt  and Guler , 1984):

a. the pH of the water 

b. the amount of oxygen in the water 

c. the chemical make up of the water 

d. the amount of galvanic corrosion from the use of dissimilar metals contained in or in contact with the piping system 

e. the temperature of the water 

f. the velocity/pressure of the water in the pipe





2.2.4 Chemical Cleaning of Metals





Metal equipment must be cleaned from time to time to prevent damage and maintain efficiency of operation. The chemical cleaning of metals has a number of advantages over mechanical cleaning methods. The greatest of these are that the metal equipment to be cleaned doesn't need to be dismantled and reassembled, and the cleaning doesn't damage the equipment, leaving areas that are more vulnerable to corrosion than before (Dibble, 2009). Metal equipment typically gets both organic and inorganic substances deposited on it, coming from various lubricating oils, corroding metal, deposited product, deposits from hard water etc. These are typically removed in a five step process, although this is varied depending on the exact nature of the scale (deposits) (Dibble, 2009). The metal equipment can once again be used as it was designed. The scale that was deposited on it is washed away as dissolved ions which are harmless to the environment (Dibble, 2009).





2.2.5 Cooling System Piping 



Most common in all cooling water systems is mild steel piping. Copper is common in smaller diameter (2" ID or less) piping. Stainless steel is utilized in some facilities; galvanized piping is seldom used. Occasionally, aluminum piping appears, usually in closed cooling water systems. Rarely, titanium and specialty molybdenum-containing steels are used due to unusually severe conditions. Fiberglass-reinforced plastic as well as PVC piping are being used more today to reduce corrosion potential. Concrete often is used in large cooling water systems (Puckorius, 2002). 













2.3 Cooling Water Systems





The function of a cooling system is to remove heat from air conditioning systems and from a wide variety of industrial processes that generate excess heat. Heat removed from one medium is transferred to another medium, or process fluid. Usually the cooling medium is water (Petrey and  Ernest, 1994). 





The heat transfer from fluids or equipment process will reflect in a rise in temperature, or even a change of state in the cooling water. Many of the properties of water, along with the behavior of the contaminants it contains, are affected by temperature. The tendency of a system to corrode, scale, or support microbiological growth is also affected by water temperature (Heiner, 2006).







2.3.1		Types of cooling water systems





Water heated in the heat exchange process can be handled in two ways. The water can be discharged at the increased temperature into a receiving body known as once-through cooling system and it can be cooled and reused known as recirculating cooling system. There are two distinct types of systems for recirculating cooling system which is open and closed. In an open recirculating system, cooling is achieved through evaporation of a fraction of the water and in closed recirculating system is actually a cooling system within a cooling system. 













2.3.1.1	 	Open-recirculation Cooling Systems
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Figure 2.1: Cooling tower water systems (Puckorius, 2002)





[bookmark: open_recirculating_cooling_system]Figure 2.1 shows that cooling tower water systems usually are plagued by the most problems; thus, they require the greatest amount of water treatment both quantity and variation (Puckorius , 2002). An open recirculating cooling system uses the same water repeatedly to cool process equipment. Heat absorbed from the process must be dissipated to allow reuse of the water. Cooling towers spray ponds, and evaporative condensers are used for this purpose (Heiner, 2006).





Open recirculating cooling systems save a tremendous amount of fresh water compared to the alternative method, once-through cooling. The quantity of water discharged to waste is greatly reduced in the open recirculating method, and chemical treatment is more economical. However, open recirculating cooling systems are inherently subject to more treatment-related problems than once-through systems (Heiner, 2006):





		a. Cooling by evaporation increases the dissolved solids concentration in the water, raising corrosion and deposition tendencies 



		b. The relatively higher temperatures significantly increase corrosion potential 



		c. The longer retention time and warmer water in an open recirculating system increase the tendency for biological growth 



		d. Airborne gases such as sulfur dioxide, ammonia or hydrogen sulfide can be absorbed from the air, causing higher corrosion rates 



		e. Microorganisms, nutrients, and potential foulants can also be absorbed into the water across the tower.









2.3.1.1.1	Cooling Towers 



Cooling towers are the most common method used to dissipate heat in open recirculating cooling systems. They are designed to provide intimate air/water contact. Cooling occurs in a tower by the mechanisms of evaporative cooling and the exchange of sensible heat. The loss of heat by lowers the remaining water temperature. The smaller amount of cooling also occurs when the remaining water transfers heat (sensible heat) to the air (Petrey and Ernest, 1994).





2.3.1.2		Closed Recirculating Cooling Systems
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Figure 2.2: Closed Cooling Water Systems (Puckorius, 2002)



Figure 2.2 shows the closed cooling water systems, which have little or no water losses; the primary concern is corrosion control (Puckorius, 2002).





The closed recirculating cooling water system evolved from methods used for the cooling of early engine designs. In a closed system, water circulates in a closed cycle and is subjected to alternate cooling and heating without air contact. Heat, absorbed by the water in the closed system, is normally transferred by a water-to-water exchanger to the recirculating water of an open recirculating system, from which the heat is lost to atmosphere (Heiner, 2006). Closed recirculating cooling water systems are well suited to the cooling of gas engines and compressors. Diesel engines in stationary and locomotive service normally use radiator systems similar to the familiar automobile cooling system. Other closed recirculating cooling applications include smelt spout cooling systems on Kraft recovery boilers and lubricating oil and sample coolers in power plants. Closed systems are also widely used in air conditioning chilled water systems to transfer the refrigerant cooling to air washers, in which the air is chilled. In cold seasons, the same system can supply heat to air washers. Closed water cooling systems also provide a reliable method of industrial process temperature control (Heiner, 2006). Closed recirculating systems have many advantages. Their advantages are:



a. Provide better control of temperatures in heat-producing equipment, and with the small makeup water requirements are the best way to control the potential waterside problems.

b. Do not have scale deposit problem because of make up using high-quality water.

c. High-quality water also can minimize the dangers of cracked cylinders, broken heads, fouled exchangers, and other mechanical failures.

d. Closed systems are better than open systems because of this system less susceptible to biological fouling from slime and algae deposits.

e. In the closed systems, water is not continuously saturated with oxygen so corrosion problems can be reducing drastically.



2.3.1.3		Once-Through Systems
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Figure 2.3: Once-through Cooling Systems (Puckorius, 2002)





Figure 2.3 shows the once-through cooling systems, the water passes through heat exchangers, where it cools the process, and then is discharged, never to return (Puckorius, 2002). 





Cooling systems that use water’s cooling capacity a single time are called once-through cooling systems. These systems use large volumes of water and typically discharge the once-through water directly to waste. Large volumes of water are necessary for even the smallest once-through systems; therefore, a plentiful water supply at a suitably low temperature is needed. Because of the large volumes involved, once-through cooling systems often use water from rivers, lakes, or (occasionally) well networks (Heiner, 2006). 











The only external treatment generally applied to a once-through system is mechanical screening to protect downstream equipment from serious damage due to foreign material intrusion. Evaporation is negligible, so no significant change in water chemistry occurs (Heiner, 2006). Once-through cooling water systems are identified by various names. For example, in the paper industry, most mills refer to their once-through cooling water as "mill supply." The power industry often refers to a once-through cooling network as the "service water" system. The chemical and hydrocarbon processing industries typically use the descriptive "once-through" terminology for their systems. Whatever the name, once-through systems present unique challenges for water treatment (Heiner, 2006). 
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