
©Encyclopedia of Life Support Systems (EOLSS) 

CONTENTS 
 

 
DESALINATION AND WATER RESOURCES 
HISTORY, DEVELOPMENT AND MANAGEMENT OF WATER RESOURCES 

 

 

 
 
 
History, Development and Management of 
Water Resources - Volume 1 
No. of Pages: 464 
ISBN: 978-1-84826-419-9 (eBook) 
ISBN: 978-1-84826-869-2 (Print Volume) 
 
History, Development and Management of 
Water Resources - Volume 2 
No. of Pages: 428 
ISBN: 978-1-84826-420-5 (eBook) 
ISBN: 978-1-84826-870-8 (Print Volume) 
 
For more information of e-book and Print 
Volume(s) order, please click here 
 
Or  contact : eolssunesco@gmail.com



https://www.eolss.net/ebooklib/bookinfo/history-development-management-water-resources.aspx


DESALINATION AND WATER RESOURCES (DESWARE) 
 
International Editorial Board 
 
 Editor-in-Chief:  Al-Gobaisi, D. M.K.  
  
 Members 
  
Al Awadhi, A. Ali 
Al Radif, Adil 
Al-Mutaz, I. S. 
Al-Sofi M. 
Andrianne, J. 
Awerbuch, L. 
Balaban, M. 
Beraud-Sudreau, D. 
Birkett, James D. 
Blanco, J.  
Bodendieck, F. 
Borsani , R. 
Bushnak, A. A. 
Capilla, A. V. 
Catanzaro, E. 
Damak, S. 
Darwish, M. Ali 
Delyannis, E.u E. 
Dempsey J. 
El-Din, S. 
El-Mahgary, Y. 
El-Nashar, A. M. 
El-Sayed, Y. M. 
Finan, M. A. 
Furukawa, D. 
Genthner, K. 
Germana, A. 
Ghiazza, E. 
Glade, H. 
Goto, T. 
Grabow, W. O.K.  
 
 
 
 
 

Hammond, R. P. 
Hanbury, W. T. 
Harris, A. 
Harrison, D. 
Hassan, A. M. 
Hodgekiess, T. 
Husain, A. 
Ismat, K. 
Karabelas, A.J. 
Kesou, A. 
Krause, H. P. 
Kubota, S. 
Kumar, A. 
Kurdali, A. 
Laborie, J. 
Leitner, G. F. 
Lennox, F. H. 
Lior, N. 
Ludwig, H. 
Lukin, G. 
Magara, Y.  
Makkawi B. 
Malato, S.  
Mandil , M.A. 
Marquardt, W. 
McArthur,N. 
Meller, F. H. 
Mewes, V. 
Michels, T. 
Miyatake, O. 
Morin, O. J. 
 
 
 
 
 

Morris, R. 
Nada, N. 
Ohya, H. 
Peluffo, P. 
Rao, G. P. 
Rautenbach, R. 
Reddy, K. V. 
Saal, D. 
Sadhukhan, H.K. 
Sage, A.P. 
Sarkodie-Gyan, 
Thompson 
Sommariva, C. 
Strathmann, H. 
Temperley, T. 
Tleimat B. 
Todd, B. 
Tony F. 
Tusel, G. 
Belessiotis, V. 
Veza, J. M. 
Vigneswaran, S.  
Wade, N. M. 
Wang, S. 
Wangnick, K. 
Woldai A. 
Watson, I. C. 
Wessling, M. 
Winters, H. 



HISTORY, DEVELOPMENT AND MANAGEMENT OF WATER RESOURCES 

CONTENTS 
 

VOLUME I 
 
Overview of the Desalination and Water Resources 1 
Darwish Al-Gobaisi, International Centre for Water and Energy Systems, Abu Dhabi, UAE 
 
1. Water and Life 
2. Water on our Planet 

2.1. Renewal of Water Resources on the Earth 
2.2. Arabian/Persian Gulf, Red Sea and Mediterranean Sea 
2.3. Fresh Water Scarcity 
2.4. An Added Distress in the Water Crisis – Pollution of Fresh Water Resources 
2.5. Water and Health  

2.5.1. Types of Water Pollutants 
2.5.2. Pathogens 
2.5.3. Oxygen-Demanding Substances 
2.5.4. Nutrients 
2.5.5. Thermal Pollutants 
2.5.6. Non-Toxic Chemicals 
2.5.7. Toxic Chemical Compounds 
2.5.8. Petroleum Compounds 

2.6. Climate Change and Wastewater Treatment 
3. Meeting the Challenges of Fresh Water Scarcity 
4. Small Scale Desalination 

4.1. Home and Community Solar Desalination 
4.2. Humidification Dehumidification Desalination 
4.3. Counter-top and Industrial Distillation Units 

5. Industrial Processes for Desalination 
5.1. Brief History of Large-Scale Desalination, UA E 
5.2. Multistage Flash Desalination 
5.3. The Multiple-effect Desalination (MED)  
5.4. Vapor Compression 
5.5. Membrane Distillation  
5.6. Reverse Osmosis 
5.7. Boron, Arsenic and Organic Compound Removal  
5.8. Electrodialysis 

5.8.1. Electrodialysis versus Reverse Osmosis 
5.9. Hybrid Desalination Systems 

6. The Issue of Effluents from Desalination Systems 
7. Energy and Water Critical Life Support Systems  

7.1. Water and Energy Security 
8. Sustainable Development 
9. Renewable Energy Base of the World- Solar Thermal Power and Solar Desalination  
10. Industrial Ecology 
11. Knowledge Resources for Capacity Building 
12. Encyclopedia of Desalination and Water Resources (DESWARE) 
13. Encyclopedia of Life Support Systems (EOLSS) 
14. Conclusion 
 
 
Water Science and Technology: History and Future 92 
James Dooge, Centre for Water Resources Research, University College, Dublin, Ireland 
 
1. Introduction 

1.1 The Properties of Water 
1.2 Scope of Water Science and Technology 

© Encyclopedia of Desalination and Water Resources (DESWARE) i



HISTORY, DEVELOPMENT AND MANAGEMENT OF WATER RESOURCES 

1.3 Selection of Topics 
2. The Ancient World 

2.1 Water Supply and Drainage 
2.2 Mechanisms and Structures 
2.3 The Origins of Water Science 

3. Medieval Europe 
3.1 Developments in Waterpower 
3.2 Types of Water Use 
3.3 Inland Navigation 

4. The High Renaissance 
4.1 Progress in Hydraulic Engineering 
4.2 River Hydraulics 
4.3 The Hydrological Cycle 

5. The Nineteenth Century 
5.1 Developments in Hydraulics and Hydrology 
5.2 Water and Wastewater Engineering 
5.3 Developments in Pumps and Turbines 

6.  The Twentieth Century
6.1 Progress in Hydraulics 
6.2 Progress in Hydrology 
6.3 Developments in Sanitary Engineering 
6.4 Progress in Hydraulic Engineering 

7. The Future
7.1 Problems of the Future 
7.2 Appropriate Science and Technology 
7.3 Appropriate Economics and Sociology 

 
 
Water and Wastewater Treatment 126 
Eduard G. Novitsky, Institute of Chemical Machinery Industry “NIICHIMMASH,” Moscow, Russia 
Ruslan Kh. Khamizov, Vernadsky Institute of Geochemistry and Analytical Chemistry, RAS, Moscow, 
Russia 
 
1. Introduction 
2. Water Quality Regulations and Standards 

2.1. Methods of Water Quality Control and the International System of Standardization of Methods 
of Control 

3. Sources and Types of Polluting Substances in Natural and Wastewater 
3.1. Classification of the Principal Types of Pollutions of Natural and Wastewater 

4. Methods for Treatment of Natural Water 
4.1. Removing Heterophaseous Admixtures from Water 

4.1.1. Scientific Fundamentals of Coagulation and Flocculation 
4.1.2. Sedimentation and Clarification 
4.1.3. Filtration 

4.2. Water Disinfection  
4.3. Control of Water Composition in Dissolved (Homophase) Admixtures 

4.3.1. Purification of Water Containing Dissolved Compounds of Iron and Manganese 
4.3.2. Water Hardness Removal 
4.3.3. Water Desalination 

5. Wastewater Treatment 
5.1. Physical-Chemical Methods of Wastewater Purification 
5.2. The Biological Purification of Wastewater 

6. Processing of Wastewater Sludge 
 
 
 
 
 

© Encyclopedia of Desalination and Water Resources (DESWARE) ii



HISTORY, DEVELOPMENT AND MANAGEMENT OF WATER RESOURCES 

Membrane Technology for Organic Removal in Wastewater 158 
H.K. Shon, S. Vigneswaran and J. Kandasamy, Faculty of Engineering, University of Technology, 
Sydney, Australia 
J. Cho, NOM Ecology Lab., Gwangju Institute of Science and Technology, Gwangju, Korea 
 
1. Introduction
2. Overview of Membrane Technology 

2.1 Theory 
2.2 Membrane Fouling 
2.3 Membrane Fouling Control 

2.3.1 Pretreatment 
2.3.2 Design Consideration and Operation Control 
2.3.3 Cleaning Methods 

3. Comparison of Organic Removal by MF, UF, NF and RO 
3.1 DOC Removal 
3.2 Removal of MWD 
3.3 Removal of EDCs/PPCPs 

3.3.1 Removal of EDCs/PPCPs by MF 
3.3.2 Removal of EDCs/PPCPs by UF 
3.3.3 Removal of EDCs/PPCPs by NF/RO 

3.3.3.1 Effect of MWCO and Roughness of NF/RO 
3.3.3.2 Effect of MW, Size and Geometry of EDCs/PPCPs 
3.3.3.3 Charge Effect of EDCs/PPCPs and NF/RO 
3.3.3.4 Effect of Adsorption between EDCs/PPCPs and NF/RO 
3.3.3.5 Effect of Feed Water Organic Matrix 
3.3.3.6 Disadvantages of Factors Affecting the Removal of EDCs/PPCPs 

 
 
Future Challenges of Providing High-Quality Water 204 
Jo-Ansie van Wyk, Department of Political Sciences, University of South Africa, P O Box 392, Pretoria, 
0003, South Africa 
Richard Meissner, African Water Issues Research Unit, University of Pretoria, Pretoria, 0002, South 
Africa 
Hannatjie Jacobs, Independent Research Consultant, P O Box 6228, Uniedal, Stellenbosch, 7612, South 
Africa 
 
1. Introduction 
2. Global and Regional Freshwater Resources 
3. Emerging Global Patterns in the Provision of High Quality Water 
4. Global Awareness of the Challenges of Providing High Quality Water 
5. The Role of Global Governance Agencies in the Provision of High Quality Water 
6. Increased Private Sector Involvement in the Provision of High Quality Water 
7. The Role of Selected Global Social Movements 
8. The Development and Expansion of International Law 
9. Global Water Values 
10. Water and International Security 
11. The Use of Internet and Technology 
12. Impact of Climate Change on Water Resources 

12.1. Flooding and Drought 
12.2. El Niño and Freshwater Resources 
12.3. Global Warming and Sea-Level Rise 
12.4. Climate Change and Water Management 
12.5. Climate Change and Ethics 

13. Demographics, Water Availability and Demand 
14. Conclusion 
 
 
 

© Encyclopedia of Desalination and Water Resources (DESWARE) iii

http://greenplanet.eolss.net/mss/C08/E2-14/E2-14-TXT.asp#1. Introduction#1. Introduction


HISTORY, DEVELOPMENT AND MANAGEMENT OF WATER RESOURCES 

The Hydrological Cycle and Human Impact on It 242 
Lev S. Kuchment, Water Problems Institute, Russian Academy of Sciences, Moscow,Russia 
 
1. Introduction 
2. The Terrestrial Hydrological Cycle 

2.1 Precipitation 
2.2 Snow Cover and Ice 
2.3 Interception and Depression Storage 
2.4 Infiltration of Water into the Soil and Vertical Movement of Soil Moisture 
2.5 Evapotranspiration 
2.6 Groundwater and Groundwater Flow 
2.7 River Runoff and Generation Mechanisms 
2.8 The River Network and Movement of Water in River Channels 
2.9 Modeling the Hydrological Cycle of a River Basin 
2.10 Human Influence on the Terrestrial Hydrological Cycle 

3. The Global Hydrological Cycle 
3.1 Precipitation 
3.2 Evaporation 
3.3 Runoff from the Continents 
3.4 The Role of the Terrestrial Hydrological Cycle in the Global Climate System and Global Change 

 
 
Human Interaction with Land and Water: a Hydrologist’s Conception 281 
Malin Falkenmark, Stockholm International Water Institute (SIWI), Sweden 
 
1. Freshwater: Our Joint Lifeblood 

1.1 Water and Life 
1.2 The Ongoing Paradigm Shift 

2. Man and the Water Cycle 
2.1 Biosphere and Technosphere Share the Same Water 
2.2 Human Activities Involve Land and Water Manipulation 
2.3 A Land-Use Decision is also a Water Decision 
2.4 Upstream/Downstream Compromise Building 

3. The Water Scarcity Syndrome 
3.1 Water Shortage Problems for Plant Production 
3.2 Extra Water is Crucial in Dry Climate Regions 
3.3 Basic Regional Differences in Water Predicament 
3.4 Implications for Food Production 
3.5 Adding the Coping Capability Dimension 

4. Overcoming the Sectorization Scourge 
4.1 Many Different Water Functions to be Mastered 
4.2 Linking Professionals 

5. Challenge for the Future: Handling Complexity 
 
 
Fresh Surface Water 301 
J. C. I. Dooge, Center for Water Resources Research, University College Dublin, Ireland 
 
1. Introduction 
2. Liquid Water on Planet Earth 

2.1. Occurrence of Liquid Water 
2.2. Concepts of the Water Cycle 
2.3. Anomalous Properties of Liquid Water 
2.4. The Study of Water 

3. Availability of Fresh Water 
3.1. Measurements of River Flow 
3.2. Global and Continental Water Availability 
3.3. Variation Between Regions and Countries 
3.4. Traditional Methods of Water Management 

© Encyclopedia of Desalination and Water Resources (DESWARE) iv



HISTORY, DEVELOPMENT AND MANAGEMENT OF WATER RESOURCES 

4. Water Use and the Environment 
4.1. Increases in Water Use 
4.2. Water Use and Sustainability 
4.3. International Initiatives 
4.4. Future Water Resources Management 

5. Topics on Fresh Surface Water 
5.1. Regional Distribution of Available Fresh Water 
5.2. Characteristics of River Systems 
5.3. Transport Processes in Rivers 
5.4. River Ecosystems 
5.5. Uses and Impact of River Water 

 
 
Potable Water  342 
S. Pagliara and D. Dazzini, Department of Civil Engineering, University of Pisa, Italy 
 
1. Potable Water Supply 

1.1. Sources of Water Supply  
1.2. Issues on Water Resources and Supply  

2. Urban Water Use 
2.1. Use of Potable Water 
2.2. Fluctuations in the Potable Water Demand 

3. Wastewater Impact 
3.1. Urban Drainage Systems 
3.2. Types of Urban Wastewater 
3.3. Urban Wastewater Characteristics  
3.4. Wastewater Treatment  
3.5. Effluent Disposal  

3.5.1 The Receiving Water Bodies  
3.5.2 Effluent Disposal on the Ground Surface 

4. Conclusions 
 
 
Groundwater in Arid and Semiarid Regions 357 
J.W. Lloyd, School of Earth Sciences, University of Birmingham, Edgbaston, Birmingham, UK 
 
1. Introduction 
2. Groundwater Recharge 
3. Hydrogeological Domains 

3.1 Hard Rocks Domain 
3.2 Alluvial Valleys and Intermontane Basins Domain 
3.3 Alluvial Plains Domain 
3.4 Regional Sedimentary Basins Domain 

4. Groundwater resources understanding 
4.1 Hard Rocks  
4.2 Alluvial Valleys and Intermontane Basins 
4.3 Alluvial Plains 
4.4 Regional Sedimentary Basins 

5. Current and future groundwater supplies 
5.1 Groundwater Use and Future Demands 

5.1.1 Hard Rocks 
5.1.2 Alluvial Valleys and Intermontane Basins 
5.1.3 Alluvial Plains 
5.1.4 Regional Sedimentary Basins 
5.1.5 Conclusions 

 
 
 
 

© Encyclopedia of Desalination and Water Resources (DESWARE) v



HISTORY, DEVELOPMENT AND MANAGEMENT OF WATER RESOURCES 

The History of Desalination before Large-Scale Use 381 
James D. Birkett, West Neck Strategies, Nobleboro, USA 
 
1. Introduction 

1.1. The History of Science and Technology 
1.2. The Organization of this Chapter 

2. Desalination in Antiquity 
2.1. First References 
2.2. The Dawn of Science and First Applications 

3. The Middle Ages and the Spread of Islam 
3.1. Islamic Influences 
3.2. Progress Elsewhere 

4. The Age of Discovery and Exploration 
4.1. The Voyagers 
4.2. The Thinkers 
4.3. The Inventors 

5. The Age of Science and Reason 
5.1. The Thinkers 
5.2. The Inventors 
5.3. The Voyagers 

6. The Influence of the Industrial Revolution 
6.1. Background 
6.2. The Influence of the Sugar Industry 
6.3. The Influence of Steam Engines and Navigation 
6.4. Land-Based Desalters 
6.5. Other Developments in Evaporative Processes 
6.6. The First Stirrings of Membrane Science 
6.7. Ion Exchange 
6.8. Summary 

7. From 1900 until the Second World War 
7.1. Evaporator Design 
7.2. Membrane Developments 
7.3. Ion Exchange 
7.4. Applications 

8. From 1940 until the Mid-1950s 
8.1. War Influences 
8.2. Post-war Developments 

9. The Beginnings of Large-scale Use of Desalination 
9.1. Multi-stage Flash Developments 

10. Epilogue 
 
 
Index           435 
 
 
About DESWARE         439 
 

VOLUME II 
 
The Development on Multistage Flash Distillation 1 
R.S. Silver (deceased), Department of Mechanical Eng., The University of Glasgow, Glasgow, Scotland 
 
1. Introduction 
2. History of Distillation by Boiling 
3. History of Flash Distillation 
4. Multi-Stage Flash Distillation 
5. The Importance of Desalination, and the Contribution of Multi-Stage Flash Distillation 
6. Conclusion 

© Encyclopedia of Desalination and Water Resources (DESWARE) vi



HISTORY, DEVELOPMENT AND MANAGEMENT OF WATER RESOURCES 

Milestones in the Development of Multi-Stage Flash Desalination Plants Worldwide 20 
N. McArthur, Port Glasgow Road, Kilmacolm, UK 
 
1. Introduction 

1.1. Stage 1: 1957 
1.2. Stage 2: 1959 
1.3. Stage 3: 1955-1968 
1.4. Stage 4: 1962 
1.5. Stage 5: 1968 
1.6. Stage 6: 1977/78 

2. Milestones in Desalination Technology 
3. Specification of Selected Desalination Plants 

3.1. 1960: Guernsey, Channel Islands 
3.2. 1960: Shuwaikh "E" Plant, Kuwait 
3.3. 1962-1965: Clifton Pier Power Station and Desalination Plant, Bahamas 
3.4. 1970: Shuwaikh New "A" Desalination Plant, Kuwait 
3.5. 1975: Lok on Pai Desalination Plant, Hong Kong 
3.6. 1981: Al-Jubail Phase I Desalination Plant, Saudi Arabia 

 
 
Summary of Desalination Methods Used In Common Practice 37 
O.K. Buros, CH2M Hill International Ltd, Water Resources Division, Denver, USA 
 
1. Background 
2. Distillation 

2.1. Processes 
2.1.1. Multistage Flash 
2.1.2. Multiple Effect Distillation 
2.1.3. Vapor Compression 

2.2. Applications 
2.3. General Characteristics 

3. Electrodialysis 
3.1. Processes 

3.1.1. Electrodialysis 
3.1.2. Electrodialysis Reversal 

3.2. Applications 
3.3. General Characteristics 

4. Reverse Osmosis 
4.1. Process 

4.1.1. Membrane Configurations 
4.1.1.1. Spiral Wound 
4.1.1.2. Hollow Fine Fiber 

4.1.1.3. Others 
4.2. Applications 
4.3. General Characteristics 

5. Other Methods 
5.1. Solar Humidification 
5.2. Solar and Wind Assisted Applications 
5.3. Membrane Distillation 
5.4. Freezing 

 
 
Steam Plant Aspects of Seawater Distillation 56 
R.S. Silver (deceased), Department of Mechanical Eng., The University of Glasgow, Glasgow, Scotland 
 
1. Introduction 
2. The Need for Desalination 
3. Energy Requirements of Desalination 

© Encyclopedia of Desalination and Water Resources (DESWARE) vii



HISTORY, DEVELOPMENT AND MANAGEMENT OF WATER RESOURCES 

4. Distillation Flow Sheets 
5. The Temperature Range of Distillation Processes 
6. Types of MSF Construction 
7. Summary of General MSF Advances 
8. Research and Development 
9. Vapor Compression 
10. Developments in MEB Distillation 
11. General Conclusions 
 
 
Solar Distillation 84 
Gopal Nath Tiwari and Hriday Narayan Singh, Center of Energy Studies, Indian Institute of Technology, 
India 
 
1. Importance of Water 

1.1 Water Sources  
1.2 Water Demand 
1.3 Drinking Water Quality 

2. Water Pollution and its Effects 
3. Principles of Solar Distillation: A State-of-the-Art 
4. Classification of Solar Distillation Systems 

4.1 Passive Solar Still 
4.1.1 Conventional Solar Still  
4.1.2 New Design Solar Still 

4.2 Active Solar Distillation 
4.2.1 Nocturnal Production 
4.2.2 Pre-Heated Water Application 
4.2.3 High Temperature Distillation 

5. Heat and Mass Transfer in Solar Distillation 
5.1 Background 
5.2 Internal Heat Transfer 

5.2.1 Convective and Evaporative Heat Transfer Coefficients 
5.2.2 Radiative Heat Transfer Coefficient 
5.2.3 Total Internal Heat Transfer coefficient 

5.3 External Heat Transfer 
5.3.1 Top Heat Loss Coefficient 
5.3.2 Bottom and Sides Loss Coefficient 

6. Performance of Solar Still 
6.1 Thermal Modeling of Solar Still and Effect of Meteorological and other Parameters 
6.2 Passive Solar Still 
6.3 Active Solar Still 
6.4 Economic Evaluation 

6.4.1 Introduction 
6.4.2 Economic Analysis 
6.4.3 Preparation of Drinking Water 

7. Conclusions and Recommendations 
 
 
Desalination and Water Reuse In India - An Overview 149 
Braj M. Misra and Himangshu K. Sadhukhan, Bhabha Atomic Research Centre, India 
 
1. Water Needs and Availability in India 
2. Historical Developments of R&D on Desalination in India 
3. Current Status 
4. Thermal Desalination 
5. Reverse Osmosis Desalination 
6. Desalination/Water Reuse Strategies 
7. Nuclear Desalination 

© Encyclopedia of Desalination and Water Resources (DESWARE) viii



HISTORY, DEVELOPMENT AND MANAGEMENT OF WATER RESOURCES 

Desalination Plants in the Emirate of Abu Dhabi 158 
Hanif Sultan, Water and Electricity Department, Abu Dhabi, UAE 
 
1. Introduction 
2. Large MSF Desalination Plants in the Emirate of Abu Dhabi 

2.1. Introduction 
2.2. Basic Specifications 

 
 
Seawater Desalination by Large Multistage Flash Plants 176 
D.M.K. Al-Gobaisi, International Centre for Water and Energy Systems Abu Dhabi, UAE 
 
1. Introduction 
2. Large Scale Seawater Desalination in Abu Dhabi, UAE 
3. Performance of the Plants 

3.1. Vapor Release, Demisters, Entrainment Alkaline Scale Formation and Operation at Low 
Seawater Temperature 

3.1.1. Vapor Release Area 
3.1.2. Demisters 
3.1.3. Entrainment 
3.1.4. Alkaline Scale Formation 
3.1.5. Operation at Low Seawater Temperature 

3.2. Handling of the Released Carbon Dioxide and other Non-condensable (NC) Gases 
3.3. Handling Corrosion 

3.3.1. Tube Side Fouling 
3.3.2. Measurement of Corrosion 
3.3.3. Ball Cleaning 
3.3.4. Antifoam Additives 

3.4. Other Aspects 
3.4.1. Maintenance Routines 
3.4.2. Optimum Brine Temperatures for Partial Loads 
3.4.3. Operation at Reduced Cooling Water Temperatures 
3.4.4.. Reliability Enhancement 
3.4.5. Development of Elaborate Data Systems 

4. Measurement and Control 
5. Modeling, Simulation Optimization and Advanced Automation 
 
 
Case Study on Planning a Large Scale Multistage Flash Desalination Plant 200 
Asghar Husain, International Centre for Water and Energy Systems, Abu Dhabi, UAE 
Klaus Wangnick, Wangnick Consulting, GmbH, Germany 
Adil Radif, Dhabi Enterprises Inc., Canada 
 
1. Introduction 

1.1. Local Conditions with Basic Data 
1.2. Partial Load 

2. Process Aspects 
2.1. Once- through Plant 

2.1.1. Reduced Concentration Factor, Reduced Boiling Point Elevation 
2.1.2. Reduced Number of Plant Components 
2.1.3. Deaeration in Stage One, Main Venting to Environment 
2.1.4. Consumption of Chemicals 

2.2. Coupling to the Power Station (Wangnick,1996c) 
2.3. MSF Distiller 

2.3.1. Fouling Factors 
2.3.2. Weir Load and Tube Length 
2.3.3. Ground Surface Area 
2.3.4. Brine Velocity Inside Condenser Tubes 

© Encyclopedia of Desalination and Water Resources (DESWARE) ix



HISTORY, DEVELOPMENT AND MANAGEMENT OF WATER RESOURCES 

2.3.5. Number of Stages vs Performance Ratio (PR) 
2.3.6. Top brine temperature 
2.3.7. Recirculation System (without cooling water) 

2.4. Vacuum System 
2.5. Prevention of Scale Formation and Corrosion 

3. Design Aspects (Including Automation) 
3.1. MSF Distiller 

3.1.1. Single Tier 
3.1.2. Brine and Distillate Transport and Interstage Orifices 
3.1.3. Modern Condenser Design 
3.1.4. High Elevation (No Brine Blowdown Pump, No ΔP Control Valve) 

3.2. Brine Heater 
3.2.1. Terminal Temperature Difference 
3.2.2. Venting 

3.3. Pumps 
3.3.1. Vertical vs Horizontal 

3.3.1.1. Brine Recirculation Pumps 
3.3.1.2. Brine Blowdown Pumps 
3.3.1.3. Other Process Pumps 

3.3.2. Speed Control 
3.3.3. Stand-by 
3.3.4. Brine Recirculation System 

3.4. Valves 
3.4.1. No ΔP Control Valve 
3.4.2. No Flow Control Valves 
3.4.3. Stand-by 

3.5. Vacuum System 
3.5.1. Shell-and-Tube or Barometric Condensers 
3.5.2. Stand-by 

3.6. Control Loops and Automation 
3.6.1. Top Brine Temperature Control 
3.6.2. Desuperheating of Heating Steam 
3.6.3. Brine Heater Condensate Level Control 
3.6.4. Make-Up Flow Control (Brine Recirculation System Only) 
3.6.5. Distillate Level Control Stage N 
3.6.6. Recirculating Brine Flow Control (in Case of a Brine Recirculation System Only) 
3.6.7. Seawater Flow Control 

3.6.7.1. Once-Through System 
3.6.7.2. Seawater Recirculation System 

3.6.8. Seawater Temperature Control (In Case of a Brine Recirculation System Only) 
3.6.9. Brine Level Control Stage N (Not Necessary) 
3.6.10. Antiscale Agent Dosing Control 
3.6.11. Antifoam Agent Dosing Control 
3.6.12. Oxygen Scavenger Dosing Control 
3.6.13. Chlorination Control 

3.7. Energy Management and Process Optimization 
3.8. Start-Up and Shut-Down Features 
3.9. Make-Up Water Strainers 
3.10. Health Monitoring and Process Care 

4. Material Aspects and Selection 
4.1. Evaporator 

4.1.1. Shell and Dividing Walls 
4.1.1.1. Stainless steel 
4.1.1.2. CuNi90/10 

4.1.2. Demisters 
4.1.3. Condenser Tubes 

4.1.3.1. Heat Rejection Section 
4.1.3.2. Heat Recovery Section 

© Encyclopedia of Desalination and Water Resources (DESWARE) x



HISTORY, DEVELOPMENT AND MANAGEMENT OF WATER RESOURCES 

4.1.4. Tubeplates 
4.1.5. Tube Support Plates 
4.1.6. Water Boxes 

4.2. Brine Heater 
4.2.1. Shell 
4.2.2. Condenser Tubes 
4.2.3. Tubeplates 
4.2.4. Tube Support Plates 
4.2.5. Water Boxes 

4.3. Deaerator 
4.3.1. Shell and Internals 
4.3.2. Packing 

4.4. Pumps 
4.4.1. Seawater Supply Pumps 
4.4.2. Brine Recirculation Pumps 
4.4.3. Distillate Pumps 
4.4.4. Brine Heater Condensate Pumps 

4.5. Valves 
4.6. Piping 
4.7. Vacuum System 

5. Cost Aspects 
5.1. Investment Cost 

5.1.1. Methodology 
5.1.1.1. Detailed Cost Calculation of the Evaporator 
5.1.1.2. Detailed Cost Calculation of the Recirculation Pump 
5.1.1.3. Determining the Investment Costs of the Plant Components Considered in Detail, 
Using Surcharges 
5.1.1.4. Equipment Costs for Additional Plant Components 

5.1.2. Calculated Total Capital Expenditure 
5.1.2.1. Influence of the Flow Velocity and Number of Stages on Investment Costs 
5.1.2.2. Costs vs Tube Materials 
5.1.2.3. Comparison of a Plant of "Proposed Design" with a plant of "Conventional 
Design" 
5.1.2.4. Comparison of Plants with Different Output Capacities 

5.2. Water Costs 
5.2.1. Methodology 
5.2.2. Calculated Water Cost 

5.2.2.1. Influence of the Velocity in the Tubes and the Number of Stages on the Water 
Costs 
5.2.2.2. Costs vs Tube Materials 
5.2.2.3. Comparison of Plant of "Proposed Design" with a Plant of "Conventional Design" 

5.3. Summary 
6. Environmental Aspects 

6.1. Introduction 
6.2. The Model 

6.2.1. Polluter (Source) Analysis 
6.2.2. Acceptor Analysis: The "EcoSystem" 
6.2.3. Draft Description of the Site 

6.3. Emissions of the Source 
6.3.1. Emissions into the Terrestric Ecosystem 
6.3.2. Emissions into the Atmospheric Ecosystem 
6.3.3. Emissions into the Marine Ecosystem 
6.3.4. Worst Case and Optimum 

6.3.4.1. Emissions on the Terrestric Ecosystem 
6.3.4.2. Emissions into the Atmospheric Ecosystem 
6.3.4.3. Emissions into the Marine Ecosystem 

6.4. The Coastal Ecosystem 
6.4.1. Level "Arabian Gulf" 

© Encyclopedia of Desalination and Water Resources (DESWARE) xi



HISTORY, DEVELOPMENT AND MANAGEMENT OF WATER RESOURCES 

6.4.2. Level "Southern Shoreline of the Gulf" 
6.4.3. Birds 
6.4.4. Level "Desalination Plant Sites" 

6.5. The Main Dangers and Impacts 
6.6. Pollution Control and Management 

6.6.1. Project Assessment for new Desalination Plants 
6.6.1.1. EIA using EPA Standard (USA) 
6.6.1..2. EIA using European Standard 
6.6.1.3. EIA in Advanced Developing Countries 

6.6.2. Assessment for Operating Desalination Plants 
6.6.2.1. ISO 14000 (World Level) 
6.6.2.2. Council Regulation EEC No 1836 (EU Level) 
6.6.2.3. Recommendations for Plants 2, 3, 4, and 5 and Plant 6 and 7 

6.6.3. Ecosystem Management (Coastal Zone Management) 
7. The Proposed Plant 

7.1. Data Sheet 
7.2. Flow Scheme 
7.3. Layout 

8. Summary and Recommendations 
8.1. Process Aspects 

8.1.1. Coupling to the Power Station 
8.1.2. MSF Distiller 

8.1.2.1. Fouling Factors 
8.1.2.2. Weir Load and Tube Length 
8.1.2.3. Brine Velocity Inside Condenser Tubes 
8.1.2.4. Number of Stages 
8.1.2.5. Top Brine Temperature 
8.1.2.6. No Seawater Recirculation System 
8.1.2.7. Cooling Water Flow 

8.1.3. Vacuum System 
8.2. Design Aspects 

8.2.1. MSF Distiller 
8.2.1.1. Single Tier 
8.2.1.2. Brine and Distillate Transport and Interstage Orifices 
8.2.1.3. Modern Condenser Design 
8.2.1.4. Demisters in First Three Stages 
8.2.1.5. Lifted Evaporator 

8.2.2. Brine Heater 
8.2.2.1. Terminal Temperature Difference 

8.2.3. Pumps 
8.2.3.1. General 
8.2.3.2. Speed Control 
8.2.3.3. No Stand-By Equipment 

8.2.4. Vacuum System 
8.2.4.1. Barometric Condensers 

8.2.5. Control and Automation 
8.2.6. Process Management and Process Optimization 
8.2.7. Start-Up and Shut-Down Features 
8.2.8. Make-Up Water Strainers 

8.3. Material Aspects and Selection 
8.3.1. Evaporator 

8.3.1.1. Shell and Dividing Walls 
8.3.1.2. Demisters 
8.3.1.3. Condenser Tubes - Heat Rejection 
8.3.1.4. Condenser Tubes - Heat Recovery 
8.3.1.5. Tubeplates 
8.3.1.6. Tube Support Plates 
8.3.1.7. Water Boxes 

© Encyclopedia of Desalination and Water Resources (DESWARE) xii



HISTORY, DEVELOPMENT AND MANAGEMENT OF WATER RESOURCES 

8.3.2. Brine Heater 
8.3.2.1. Shell 
8.3.2.2. Condenser Tubes 
8.3.2.3. Tubeplates 
8.3.2.4. Tube Support Plates 
8.3.2.5. Water Boxes 

8.3.3. Deaerator 
8.3.3.1. Shell and Internals 
8.3.3.2. Packing 

8.3.4. Pumps 
8.3.4.1. Seawater Pumps 
8.3.4.2. Brine Recirculation Pumps 
8.3.4.3. Distillate Pumps 
8.3.4.4. Brine Heater Condensate Pumps 

8.3.5. Valves 
8.3.6. Piping 
8.3.7. Vacuum System 

9. Appendices 
9.1. Equations for the Thermodynamic Calculation of the Evaporator 

9.1.1. Vapour Release Velocity/Chamber Geometry 
9.1.2. Interstage brine orifices 
9.1.3. Demister Velocity/Geometry 
9.1.4. Temperature/Pressure Losses 

9.1.4.1. Non-Equilibrium and Submerged Losses 
9.1.4.2. Demister Losses 
9.1.4.3. Condenser Losses 

9.1.5. Overall Heat Transfer Coefficient 
9.1.5.1. Heat Transfer Coefficient - Water Side 
9.1.5.2. Heat Transfer Coefficient - Steam Side 
9.1.5.3. Heat Resistance of the Tube Wall 

9.1.6. Removal of Non-Condensible Gases 
9.2. Physical properties 

9.2.1. Water 
9.2.1.1. Boiling Point Elevation 
9.2.1.2. Specific Heat 
9.2.1.3. Liquid Density 
9.2.1.4. Liquid Volume 
9.2.1.5. Dynamic Viscosity 
9.2.1.6. Kinematic Viscosity 
9.2.1.7. Heat of Evaporation 
9.2.1.8.Oxygen Solubility 
9.2.1.9. Nitrogen Solubility 
9.2.1.10. Enthalpy 
9.2.1.11. Thermal Conductivity 
9.2.1.12. Electrical Conductivity 

9.2.2. Steam 
9.2.2.1. Specific Volume 
9.2.2.2. Steam Density 
9.2.2.3. Dynamic Viscosity of Saturated Steam 
9.2.2.4. Saturation Pressure 
9.2.2.5. Steam Saturation Temperature 
9.2.2.6. Saturated Steam Enthalpy 
9.2.2.7. Heat of Condensation 

 
 
Index           395 
 
 
About DESWARE         399 

© Encyclopedia of Desalination and Water Resources (DESWARE) xiii




