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The summary of each of the participants’ applied research findings is documented in this book. The complete project report 
can be requested from the UN-WLC for the Arab Region at the Arabian Gulf University (AGU), Kingdom of Bahrain.  
 
For more information on the UN WLC for the Arab Region at AGU please visit: 
UNU Water Learning Center for the Arab Region | Arabian Gulf University  
Or contact: 
Prof. Waleed K. Al-Zubari  
Coordinator, UN Water Learning Center for the Arab Region  
Dean, College of Graduate Studies 
Water Resources Management Program, College of Education, Administrative and Technical Sciences, AGU 
PO Box 26671, Manama, Bahrain  
Tel: +973 17 239 880 
Fax: +973 17 239 552 
Email: wlc@agu.edu.bh; fadiamat@agu.edu.bh; waleed@agu.edu.bh  
 
 

https://www.agu.edu.bh/en/page/un-water-learning-center
mailto:wlc@agu.edu.bh
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Introduction 

 
The Arab World countries are situated in one of the most water-stressed regions of the world with extremely poor 
endowment of water resources. However, the scarcity of renewable water resources is not the only distinctive 
characteristic of the region, inadequate management levels and the continuous deterioration of its natural water resources 
have become equally distinguishing features during the past few decades as well. The Arab countries have witnessed 
unprecedented population growth and accelerated socio-economic development activities in the past three decades, and 
were associated with a substantial increase in water demands placing an increasing stress on the region’s limited water 
resources. With water demands out-stripping available water supplies, the Arab countries are experiencing a chronic water 
imbalance, which is expected to increase in the future, due to many pressing driving forces, including population and 
economic growth, escalating urban water demands and food demand, unsettled and politicized shared water resources, 
and climate change. The dilemma is exacerbated by a continuing rise in water demands, in conjunction with the fact that 
all of the region’s annual surface water resources are already being exploited, and its groundwater resources are being 
depleted as well. These conditions pose major threats and implications not only for the future development of these 
countries, but also for the sustainability of their past economic and social achievements.  
 
The supply-driven approach to water management has demonstrated its inability to deliver a substantial degree of water 
sustainability or security to the water-stressed Arab countries. Despite the strenuous efforts made by these countries to 
maintain water supplies, they still face serious water deficits due to continuously increasing water demands. Fortunately, 
all of the Arab countries have realized that efficient development and management of water resources require water policy 
reforms, with an emphasis on supply and demand management measures, improvement of the legal and institutional 
provisions, and enhancement of stakeholder participation and the role of the private sector. Furthermore, weaknesses in 
the institutional arrangements and individual and institutional capacities, particularly in the field of management and 
planning, represent one of the major obstacles in water resources management in many Arab countries, and need to be 
enhanced through intensive education, capacity building and training. 
 
With about 88 per cent of total water consumption in the region being used in the agricultural sector, there is an urgent 
need to integrate agricultural policies with water policies. These policies should take several factors into account including 
the availability and limitations of water resources, and the consequences of over-exploitation for agriculture and other 
sectors. The efficient use of water resources in agriculture is possible through improving irrigation techniques, which is one 
of the most urgent needs and prerequisites for sustainable food production in the water-scarce Arab region. Moreover, it 
is clear that the majority of the Arab countries cannot provide for all of their food needs due to the lack of agricultural 
capacity in these countries. However, Arab Food Security could be achieved through regional agricultural integration that 
combines the relative comparative advantages of all the Arab countries, such as land and water resources, human 
resources, and financial resources. Countries could join together in agricultural projects aimed at achieving food security 
for the region as a whole, using advanced agricultural methods supported by active R&D in agricultural production. 
 
Rapid urbanization in almost all of the Arab countries challenges efforts to meet increasing domestic water demands, 
especially for those countries with scarce public.  Domestic water consumption in the Arab region has been escalating in 
the past few decades, a trend expected to persist in the Arab region in the future. Currently, domestic water consumption 
represents about 7 per cent of the total water used in Arab countries. Although a relatively large percentage of people in 
the Arab region have access to improved drinking water and sanitation, these services are not always reliable, especially in 
lower-income countries and lower-income areas within the countries. Currently, in the Arab region, approximately 83 
million people do not have access to safe drinking water and about 96 million people need access to sanitation services. 
Most of these people live in lower income countries, are under occupation, or are riddled by war and conflict. It is estimated 
that the total financial cost of providing the water supply and sanitation services required to halve the proportion of the 
population without sustainable access to safe drinking water and sanitation by the year 2015, under MDG7, would be about 
100 billion and 62 billion United States Dollars, respectively.   
 
Moreover, most of the Arab countries experience large percentages of non-revenue waters, reaching in some more than 
50%, which compounds the problem of urban water supply. On the other hand, average per capita domestic water 
consumption in the Arab region is about 200 liters/day, but varies significantly among the countries of the region. For 
example, domestic water consumption in the Gulf Cooperation Council (GCC) countries ranges from 300–750 
liters/capita/day, which ranks as the highest in the world. The rise in per capita water consumption in these countries is 
attributed to many factors including the absence of proper demand management and of a price-signaling mechanism. 
Government policies have primarily focused on the supply side of water production, coming from aquifers or desalination 
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plants. Water tariffs in the region are generally quite low, representing no more than 10 per cent of the total cost on 
average, with no incentives for consumers to save water. 
 
In the Arab region, groundwater is a vital and essential source for all sectors. The groundwater dependency ratio reaches 
more than 80 per cent in some countries. Even in the relatively surface water-rich countries, groundwater utilization and 
reliance is emerging and is on the rise due to the steady increase in water demands, and groundwater dependency is 
expected to increase with time. Groundwater resources therefore require careful planning and management so that they 
can continue to sustain human socio-economic development and the various ecosystems that depend on them. However, 
these resources are facing critical conditions in most of Arab countries due to over-exploitation, which has led to water 
level declines and salinization due to saltwater intrusion. In addition, these resources are threatened by numerous point 
and non-point sources of pollution generated from anthropogenic activities. As the quality of groundwater deteriorates, 
either through over-exploitation or direct pollution, its uses diminish, thereby reducing groundwater supplies, increasing 
water shortages, and intensifying the problem of water scarcity in the region. It is expected that the loss of groundwater 
resources will have dire consequences on the Arab countries’ socio-economic development, increase health risks, and 
degrade the environment. Therefore, it is of paramount importance to the region that its groundwater resources are 
carefully planned and managed in order to sustain their service to the socio-economic development and their various 
dependent ecosystems.  
 
In many countries of the Arab region, groundwater resources are non-renewable, and thus the sustainability of these 
resources is problematic, and requires clearer definition. Sustainability of these resources should be interpreted in a socio-
economic rather than a physical context, which means that full consideration must be given not only to the immediate 
benefits, but also to the negative impacts of their utilization, and to the question of what comes after the water sources 
are fully depleted. Therefore, exit strategies need to be identified, developed, and implemented by the time that a non-
renewable aquifer is seriously depleted. An exit strategy scenario must include appropriate and balanced socio-economic 
choices on the use of aquifer storage reserves, on the transition to a less water-dependent economy, and on the 
replacement of water resources. 
 
The issue of management of shared water resources among countries outside the region, as well as between the countries 
within the region, represents another major challenge facing the region, A framework for cooperation in the management 
of shared water resources should be developed, building on experiences gained from cases such as the Nubian Sandstone 
Aquifer and the North-Western Sahara Aquifer System. 
 
While the increase in the reliance on desalinated water in the Arab countries is inevitable in the future, desalination 
technologies are largely imported, which makes them expensive to operate and expand. Furthermore, desalination and 
treatment industries and projects provide limited added value to the Arab countries economies. There is an urgent need 
for cooperation among the Arab Countries to investment in R&D for these technologies, with the aim of acquiring and 
localizing these technologies in the region, reducing their cost, increasing the reliability of the water source they produce, 
increasing their value for the Arab countries’ economies, and reducing their environmental impacts. 
 
In the past few decades, municipal wastewater has become an increasing source of water with considerable potential in 
alleviating water scarcity in the Arab countries, as their volumes increase proportionally with increasing urban 
consumptions.  With proper treatment and optimum allocation, they can be used to supplement water demands in the 
agricultural and industrial sectors, as well as in managed aquifer recharge schemes. However, the use of these waters is 
associated with health and environmental risks that need to be assessed thoroughly (among other less concerns). 
 
Finally, it is expected that climate change will impose further stresses on the freshwater resources in the Arab countries 
and intensify their vulnerability, and would exaggerate if the current population growth and agricultural policies continue.  
Therefore, it is imperative to consider the potential impacts of climate change in water resources planning by integrating 
the appropriate adaptation measures in the countries’ water programs.  
 
Under all such conditions, the definition of the term “Sustainable Water Management” is becoming more complex and 
more elusive; water resources planners and managers in the Arab countries are continuously confronted with the issue of 
the definition of sustainability strategies in the management of water resources. For example, sustainability of desalination 
needs to be defined in a multitude of areas, including the reduction of their cost, increasing their reliability as a water 
source, acquiring and localizing desalination technology and increasing its added value to the region economies, and 
reducing their environmental impacts. Moreover, sustainable water management needs also to be defined within the 
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various sectors relying on these resources as their main input (i.e., urban water supply, agricultural, industrial sectors, as 
well as the environment). There is a need to translate the general definition of sustainable water management of “managing 
water resources while taking into account the needs of present and future users”, into more “practical and operational” 
definition that takes into account the unique characteristics and specificity of the water sector in the region and the various 
water-dependent sectors, including political, economic, social, technological and environmental considerations. In other 
words, there is a need to look at water management in a new holistic way, with the overall objectives of securing long-term 
water supplies while meeting strict criteria for socio-economic, financial, and environmental sustainability and public health 
requirements. 
 
Furthermore, the water management challenge in the region is being compounded by its multiple nexuses with the various 
development sectors, such as water and human health, water and environment, water and food, water and energy, and 
many other interdependencies, which carry within them many cross-cutting issues of human rights, social, economic, legal, 
technical, political, and security nature. All of these nexuses, interdependencies, cross-cutting issues need to be addressed 
if effective and sustainable water resources management needed to be achieved. It is therefore important to address much 
more explicitly the various linkages of the water sector with other sectors like energy, food, health, and economic 
development as a whole, and that water professionals should think and act beyond the boundaries of the water sector to 
achieve effective and integrated water resources planning and management.   
 
The UNU Water Learning Center for the Arab region aims at the sustainability of Water Resources Management Systems 
within IWRM framework through a capacity development curriculum and conducting research that emphasizes an 
integrated water resources management approach that considers quantity and quality of resources, their spatial 
distribution, interests of users in the different economic sectors, institutional arrangements, and formulation of 
national/regional objectives within existing constraints. It focuses on translating the general definition and the principles 
of IWRM into more “practical and operational” definition in the water resources management, that takes into account the 
unique characteristics and specificity of the water sector in the region and the various water-dependent sectors, including 
political, economi 
c, social, technological and environmental considerations. The aim is to besides looking for more balanced ways of allocating 
water and influencing demand, adequate attention is made to subjects such as economics, social analysis, policy analysis, 
institutional, legal, and management frameworks, water law, and capacity building. 
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UNU Water Learning Center for the Arab Region at the Arabian Gulf University 
 
Overview 
The UN Water Learning Center (UN WLC) at AGU is a partnership project between the United Nations University)-
International Network on Water, Environment and Health (UNU-INWEH) and the Arabian Gulf University (AGU), based on 
their common principles, complimentary objectives and a mutual interest in close cooperation in education and capacity 
development related to Integrated Water Resources Management (IWRM). The establishment of the regional center at 
AGU is made by the signing of the “Agreement of Cooperation between UNU/INWEH and AGU” for “The Establishing of a 
Regional Center of the UN WLC for the Arab Region”, signed in 2007 by both parties. The funds for establishing the center 
were provided kindly by the Arab Fund for Social and Economic Development.  
 
The Arabian Gulf University was selected to host the regional center for the Arab region due to its regional status (AGU is 
a regional university founded and funded by the six GCC countries), and due to its expertise and experience in post-graduate 
education, training, research, and contractual studies in the water-related fields (two specialized Masters Programs related 
to water: Hydrogeology & Groundwater Resources Management and Water Resources Management; three water-related 
Masters Programs: Environmental Sciences & Natural Resources, Environmental Management, and Desert Cultivation 
Technologies & Soilless Culture, as well as its experience in distance-learning (The Distance Learning and Training Master’s 
Program). 
 
The objectives of the established Regional WLC for the Arab Region at AGU are to improve water resources management 
and water services in the Arab Region and to improve training and education in the water sector. The Center offers a core 
curriculum in IWRM customized to the Arab Region water conditions and issues; train students, trainers and decision 
makers in water resources management within an IWRM framework and perspective; identify regional and country needs 
in water resources management; and establish regional electronic network of young water professionals. 
 
The targeted participants of the program are water resources professionals working in the water-related agencies and 
private sector in the Arab Region. The launching of the program was made in November 2007 (soft launch), the official 
launching was made in March 2008, and the IWRM program started its first batch in 2008. Since its establishment, the 
Center has graduated eight batches (from 2008/2009 to 2023/2024), with a total number of 122 participants. 
 
The UNU-INWEH IWRM Diploma consists of 10 courses, which total 250 hours of presentations (equivalent to lecture time) 
and is conducted in a mixed mode system (i.e., face-to-face and distant learning).  The IWRM Overview course (Course 1; 
10 days) and the final Applied Session (Course 10; 5 days) are delivered at the Center in AGU.  During the period of the last 
Course (i.e., Course 10), the final comprehensive exam of the Diploma is administered, and students are required to present 
and defend their research project in front of the program instructors panel, as well as the other students.  Moreover, a mid-
program visit at AGU (after Course 5; 5 days) is made where the students take A Mid-Program Exam and present their 
project research proposals in consultation with their assigned supervisors.  The rest of the Courses (i.e., Course 2, 3, 4, 5, 
6, 7, 8, and 9) are delivered as Distance Education courses, with participant-instructor interaction made by e-mail and web-
based conferencing system. The following is a brief description of the 10 Courses: 

1. An Introduction to IWRM: This course provides an overview of the concepts involved in IWRM and a brief summary 
of the other courses. The water conditions and the main issues and challenges of water resources management in 
the Arab region are presented and discussed. A simplified process for implementing an IWRM plan is also included 
as an example of the mechanisms and problems that might be encountered. A broad examination of critical concepts 
and knowledge needs related to IWRM, including essential human and institutional capacities development, with the 
course structure and content linked to, and driven by, the subsequent eight courses. Moreover, dynamic modeling 
of a water system using WEAP (Water Evaluation and Planning) model is demonstrated in a hands-on exercise.   

2. Water Transfer: The natural components and processes of the hydrologic cycle, temporal variance, global and regional 
processes and impacts of anthropogenic alterations on the water cycle. Water and the Atmosphere, Water and Land, 
Water and the Riparian Environment, and Water Budgets. 

3. The Terrestrial Ecosystem: Changes and impacts that occur as a result of land use change and development. Biomes, 
Drylands, Life, Succession, Biogeography, Populations and Growth, Predation, Nutrient Cycling, Biodiversity, 
Watershed Changes, Forestry, Agriculture, Mining, Urbanization, Dams and Diversions. 
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4. The Aquatic Ecosystem: Concepts, processes, analytical approaches and procedures that relate to our understanding 
of the structure and function of the aquatic ecosystem. Freshwater, Stream Ecology, Biological Community 
Characteristics, Stream Corridor Functions, Estuaries, Lakes, Marine Ecology, Wetlands, Watershed Change, and GIS 
application in water resources management. 

5. Aquatic Ecosystem Health and Impact Assessment: Aspects of anthropogenic impact and change to the physical, 
chemical, biological and ecological components of the aquatic environment. Principles of Aquatic Ecosystem Health, 
Biological Monitoring Processes, Restoring Aquatic Ecosystems, Restoration, Toxicology, and Ecological Risk 
Assessment (ERA). 

6. Water Use: The many human uses of water, both consumptive and non-consumptive, and their implications for the 
hydrologic cycle, ambient water quality and both ecosystem and human health. Agriculture, Industrial and Public 
water use, standards and monitoring.  

7. Non-Conventional Water Resources: 

a. Desalination: Introduction to Desalination, Desalination in the Arab Countries (history and trends), Desalination 
Technologies, Desalination Issues and Challenges (Financial, Economic and Environmental). 

b. Wastewater: The discharge of wastewater to natural and artificial catchments, potential impacts, methods of 
treatment and mitigation, the urban water cycle and methods to evaluate and choose appropriate technologies. 
Rural, Urban, and Industrial Point and Non-Point-Sources. 

8. Governance and Community Based Approaches: Legislative, regulatory, legal, jurisdictional, community and 
individual responsibilities and arrangements of IWRM. Gender issues, the requirements and benefits of capacity 
building, public education and community involvement. Water Laws, Government’s Role, Policy Development, Issues 
and Dilemmas, Community Participation, Consensus Building and Conflict Resolution, Policy Instruments. 

9. Organizational Infrastructure and Management: This course deals with the organizational and management 
structures and procedures needed to deal with Integrated Water Resource Management. Management and 
operations, financing, budget analysis, budget cycles, capital expenditures, policy analysis, community involvement. 
Personnel training and human resources planning. Management & Operations, Laboratory & Information 
Management, Public Health & Public Health Administration, The Programming Cycle & Project & Contract 
Management, Special Planning. 

10. Applying IWRM: Customized case studies, practical illustrations of the concepts and procedures of IWRM, and 
investigative techniques for students to assess their own IWRM needs, conducted in tutorial format in the Center. 
Students’ projects include a scientific approach to a water problem in own country, including literature review, 
problem statement, objectives, methodology, results and discussion, conclusion and recommendations. These might 
include preparing a water budget for a watershed/sub-watershed, performing a water demand analysis and future 
projection, performing and writing a report on a specific Risk Assessment, performing an Environmental Impact 
Assessment, using one or more mathematical models to examine and evaluate a problem, writing a complete project 
(programming, identification, formulation, financing, implementation and evaluation), writing a project grant/loan 
proposal for GEF or World Bank. 

 
 
 
 
 
 
 
For Further Information, please contact: 
Prof. Waleed K. Al-Zubari, Coordinator, UN Water Learning Center for the Arab Region, Arabian Gulf University, PO Box 
26671, Manama, Bahrain, Tel: +973 17 239 880, Fax: +973 17 239 552, email: wlc@agu.edu.bh, or visit WLC @ AGU website 
at UNU Water Learning Center for the Arab Region | Arabian Gulf University  

mailto:wlc@agu.edu.bh
https://www.agu.edu.bh/en/page/un-water-learning-center
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Program Instructors 
 

Prof. 
Waleed 
Khalil  

Al-Zubari 

Professor of Water 
Resources, 
Center of 

Environmental and 
Biological Studies, AGU 

waleed@agu.edu.bh  

  

Prof. Ahmed 
El-Kholei 

 

Professor of 
Urban Planning, 
Department of 
Architecture, 

Menoufia University, 
Egypt 

ahmed.elkholei@sh-
eng.menofia.edu.eg  

 

Prof. 
Mohammad 

Abido 

Professor of 
Biodiversity 

mhd.1955a@gmail.com  

 

Prof. 
Thamer  

Al-Dawood 

Professor of Marine 
Biology 

t_s_ali_aldawood@yahoo.
com  

 

Prof. 
Waheeb  
Al-Naser 

Professor of Applied 
Physics, Center of 

Environmental and 
Biological Studies, AGU 

walnaser@agu.edu.bh 

 

mailto:waleed@agu.edu.bh
mailto:ahmed.elkholei@sh-eng.menofia.edu.eg
mailto:ahmed.elkholei@sh-eng.menofia.edu.eg
mailto:mhd.1955a@gmail.com
mailto:t_s_ali_aldawood@yahoo.com
mailto:t_s_ali_aldawood@yahoo.com
mailto:walnaser@agu.edu.bh
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Dr. 
Abdelhadi 

Abdelwahab  

Associate Professor, 
Water Relations & 

Irrigation Water 
Management, Center 
of Environmental and 

Biological Studies, AGU 

abdelhadiama@agu.edu.bh 

 

Dr. Sabah  
Al-Jenaid 

Associate Professor of 
GIS, Center of 

Environmental and 
Biological Studies, AGU  

sabah@agu.edu.bh 

 

Dr. Mahaad 
Shammas 

Associate Professor & 
Chairperson, 

Department of Civil 
and Environmental 

Engineering, 
Dhofar University, 
Sultanate of Oman 

mahad@du.edu.om  

 

Prof. Ali 
Karnib  

PhD in Civil 
Engineering, Lebanese 
University, Lebanon   

karnib.ali@gmail.com  

 

Dr. Fadia 
Mohammad 

PhD in Environment 
and SD, 

Specialist, Center of 
Environmental and 

Biological Studies, AGU 

fadiamat@agu.edu.bh  

 
 

 
 
 

  

mailto:abdelhadiama@agu.edu.bh
mailto:sabah@agu.edu.bh
mailto:Mahad@du.edu.om
mailto:karnib.ali@gmail.com
mailto:fadiamat@agu.edu.bh
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First Batch Students 
No. Name Country Project Title 

1 Ali Mahdi Al-Aswad Bahrain Comparison between Centralized and Decentralized 
Schemes in the Management of Wastewater in Bahrain 

2 Fadhel Abdulla Ghuloom 
 

Bahrain Evaluation of Industrial Water Demand in Bahrain 

3 Fadi Jamal Obaid  Bahrain 
Evaluation of Losses in EWA Water Distribution Grids 

4 Raed Rashid AlHammad Bahrain 
5 Mohamed Jafer Redha Bahrain Assessment of the Environmental Impacts of 

Desalination Plants in Bahrain: A Case Study of Sitrah 
Power and Water Station 

6 
 

Mohammed Jassim Al-Aradi  Bahrain 
 

Using System Dynamics for Simulating Water Quality 
Status in Tubli Bay, Bahrain 

7 Hameed Abd-Ali AlMahal Bahrain 
8 Muneer Ebrahim Hajjaj Bahrain The Pros and Cons of Water Privatization in Bahrain 
9 Sayed Ahmed Salman 

AlHallay 
Bahrain  المياه في القطاع البلدي بمملكة البحرينكفاءة إدارة 

10 Sideeqa Ali Al-Jazeery Bahrain Irrigation Efficiency of Date Palms Using Treated 
Sewage Effluent in Bahrain Farms 

11 Waleed Mohammed Al-
Murbati 

Bahrain Impact of Brine and Chemical Discharges on the 
Marine Environment: A Case Study of Addur SWRO 
Desalination Plant, Bahrain 

12 Yaqoob Ahmed Abd ElNabi  Bahrain  تدهور المياه الجوفية في هيئة الكهرباء والماء 
13 Hesham Elsayed El-Shazely Egypt Development of an Environmental Plan for Restoration 

of Rosetta Branch in the Nile Delta 
14 Yasser Mahmoud Salah El-

Din Rizk 
Egypt Irrigation Water Management Improvement of Old 

Lands of the Nile Delta of Egypt 
15 Ahmad Fawaz Atoum Jordan Qairawan Watershed Management Plan, Jerash, 

Jordan 
16 Buthainah Oqlah Batarseh Jordan Community Participation Framework for the Qairawan 

Watershed Management, Jerash, Jordan 
17 Asim Abdulla AlKhalid Kuwait Assessment of Proportional Contribution by 

Anthropogenic Recharge Sources to the Problem of 
Shallow Water in Urban Areas of Kuwait 

18 Samer Kalbouneh 
 

Palestine Selection of Appropriate Cropping Patterns as Tool for 
Water Resources Management in Palestine: Date Palm 
as Salinity Tolerant Crop in Jiftlik-Jordan Valley 

19 Nasser Ghaith AlKuwari Qatar Wastewater Management in Qatar 
20 Ayad Nooar AlDalbhi Saudi 

Arabia 
Investigation of the Pollution Sources to Houses 
Drinking Water Storage Tanks Burayadh City, Saudi 
Arabia 

21 Fahad Abdualkarim Al-Fada Saudi 
Arabia 

Constraints of the Reuse of Tertiary Treated 
Wastewater in Buraydah City, Saudi Arabia 
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Comparison between Centralized and Decentralized Schemes in the Management of Wastewater in Bahrain 
 

Ali Mahdi AlAswad  
Ministry of Works, Bahrain 
e-mail: amaswad@yahoo.com 

 
 

Supervised by 
Prof. Waleed AlZubari 

  
 

Management of wastewater represents a challenge to decision makers in light of the increasing population 
growth and limited financial, human and land resources. In Bahrain, the design capacities of wastewater treatment 
facilities is estimated at 223,000 cm/day (81.4 Mcm/year) produced from 11 plants, with the main capacity of 200,000 
cm/day (70%) exists at Tubli plant. The wastewater collection network coverage reached 92% in 2008 serving the 
capital Manama, Maharraq, Northwest, Central, Western and Eastern regions, and is expected to achieve full 
coverage by 2020. High population growth and urbanization rates are placing immense pressures on the capacity of 
Tubli plant, as the amount of waste received sometimes reaches 289,000 cm in excess of its designed annual capacity. 

Tubli plant treats a daily volume of 120,000-130,000 cm to a tertiary level and 100,000 cm at a secondary 
level. The secondary treated effluent of 100,000 cm and 70,000 cm of the treated effluent with high concentration of 
suspended solids is being discharge daily into the Tubli Bay with significant coastal and marine environmental and 
health implications. On the other hand, large volumes of the tertiary treated wastewater of 95,730 cm/day (35 
Mcm/yr) is being reused to irrigate 413 farms covering 2,242 hectares with a future plan to increase the volume to 
200,000 cm/day (78 Mcm/yr) to irrigate 2973 hectares by the year 2012. The continued disposal of waste without the 
expansion of the Tubli plant capacity is expected to have major impacts on the coastal and marine environment and 
poses public health risks on the surrounding community. However the plant expansion option may require large 
investments, large land area, rehabilitation of the collection system to reduce leakage, and appropriate number 
recharging wells for groundwater artificial recharge purpose. 
 Decentralized schemes options in different parts of the world are receiving increased recognition as an 
effective wastewater management alternative including Bahrain. The objective of the research is to assess the status 
of the existing treatment facilities, compare the advantages and disadvantages of the centralized and decentralized 
wastewater schemes, and then suggest a suitable scheme for Bahrain taking into consideration the existing and future 
environmental, socioeconomic, and cultural conditions. The methodology consisted of the evaluation of the existing 
plants characteristics with focus on Tubli plant current capacity and its generated waste volumes, operation and 
maintenance, treatment costs, network coverage and reuse amounts. In addition, a discussion on comparative 
advantages of centralized and decentralized schemes based on the Ministry plan and international experiences is 
made. 
 The analysis indicated that the Ministry of Public Work is debating the option of expanding the capacity of 
Tubli plan to reach 350,000 cm/day by the year 2015 and is also evaluating the option of implementing a decentralized 
schemes for different size plants to be located in different region of Bahrain as well as the design option of a new 
plant at Al Maharraq with a daily capability of 100,000 cm/day by the year 2013. The analysis indicated the major 
advantages of centralized scheme are the economy of scale in terms of low treatment cost estimated at US$0.13/m3, 

transportation cost of US$0.04/m3 in comparison to the water supply production cost of US$0.79-0.87/m3, the 
availability of reuse irrigation network and the availability of large volume of treated wastewater at a one location. 
The advantage of decentralized schemes may consist of low investment in construction and maintenance costs, 
smaller number of pumping stations and network collection pipes, better control of leakage due to the age of 
network, future expansion follow the normal population trends, optimal reuse program, enhanced recharging well 
spacing for disposal of excess treated wastewater, less odor from low generated volumes and smaller size land 
requirement. The implementation of decentralized schemes could pose a challenge in terms of design criteria, 
administrative measures and cost of land resources. The study recommends the evaluation of the current wastewater 
treatment policy and program to assess the current practices and undertake detailed analysis to evaluate the option 
of decentralized small size wastewater treatment projects taking into consideration population growth, future urban 
plan and the availability of adequate financial and human resources.  
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Evaluation of Industrial Water Demand in Bahrain 
 

Fadhel Abdulla Ghuloom 
Electricity & Water Authority, Baharin 
e-mail: fadelgh@hotmail.com  

 
 

Supervised by 
Prof. Waleed AlZubari 

 
 

 
The Kingdom of Bahrain is located in an extreme arid zone, has limited nonrenewable groundwater sources, 

supplemented by desalinated and the reuse of treated wastewater sources that are being used to meet the total 
water requirements. During the last four decades, increased socio-economic development has contributed to the 
widening of the gap between available supplies and demands, resulting in the depletion and quality deterioration of 
groundwater and increased investments in desalination and wastewater treatment facilities. The country population 
has increased from 0.62 million in 1998 to 1.1 million in 2008, an average growth rate of 2.9%.  The total water 
demands have increased from 65.2 Mcm in 1952 to 335 Mcm in 2007, with an allocation of 44.2% to the municipal 
(148.1 Mcm), 47.7 % to the agricultural (160 Mcm) and 8.1% to the industrial sectors (27.1 Mcm). The municipal water 
supply system partially provides water to the industrial sector. Industrial and commercial consumption from the 
desalinated municipal water supply was estimated at 7.4%.  
 In general, there are limited information on the actual industrial water consumption according to the type of 
industries and their operational and productive scheme, which presents a challenge to decision makers to formulate 
effective water management strategy. Even though industrial water demand is relatively small and ranges between 
5-7% of the total water consumption in the GCC countries, water conservation can increase water use efficiency as 
well as reduce industrial pollution. Demand management measures for industries that depend on domestic supply 
can help reduce investment in water supply system and contribute to more water availability for the domestic 
consumption. Thus, the objective of this research is oriented towards evaluating the past, current and future trends 
of industrial water consumption, and suggest demand management measures that can enhance water use efficiency 
in this sector. These objectives were achieved through the evaluation of different data sources to delineate the trends 
according to the existing water sources and the type of management measures being implemented with focus on the 
water tariff. 
 The analysis indicated that industrial water demand increased from 12.1 Mcm in 1952 with water mainly 
available from groundwater source and increased to 27.1 Mcm in 2007 mainly from the municipal water supply 
system. The number of factories increased from 19 in 1953 to 193 in 2007. By extrapolation, the demand is estimated 
to reach 39 Mcm in 2025. The existing industries consisted of aluminum, food, beverage, pharmaceuticals, clothing, 
petrochemicals, constructions and small industries with some of them having their own water supply facilities. The 
analysis indicated that the industrial sector has increased its reliance on municipal water supply as the consumption 
increased from 0.043 Mcm in 1997 to 1.44 Mcm in 2000, to 1.61 Mcm in 2008, even though the number of factories 
has decreased from 254 in 1997 to 193 in 2008. Water conservation measures in the industrial sector in Bahrain 
consists only of the introduction of industrial water tariff in 1985 for water taken from municipal water supply system; 
however the tariff was reduced in 1985 to encourage industrial activities. The existing two tier tariff was not effective 
in reducing consumption in comparison to the actual production and operation and maintenance costs. The study 
indicates the introduction 1985 tariff showed an increase in the water demand. 
 The research revealed that there is a lack of information on the water consumption by different industries as 
well as absence of conservation efforts to enhance water use efficiency in the industrial sector. It is recommended to 
establish a data base, the implementation of financial and technical incentives for implementing demand 
management measures focusing on the introduction of effective water tariff, recycling of grey water, water saving 
technology and awareness program for those involved in the operation and management of factories. 
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 In many urban centers including Bahrain, high water demands and lack of investment in the rehabilitation of 
water distribution supply networks have contributed to network losses. Network losses have been attributed to 
damages from construction activities, unbalanced pressure differences, illegal connection and faulty metering. In 
Bahrain the water supply network has been experiencing high losses estimated at 31.6%, 35.7%, 22.8%, 24.6% and 
34% with corresponding leakage rates of 25, 27.6, 18.3, 17.6 and 22.3% in 1993, 1996, 2000, 2005 and 2008, 
respectively. The network losses represent the difference in volume measured at the main distribution point near the 
sources and the meter reading at the consumer connection, while the leakage represents the amount of water seeped 
from a section of the network at a given location. The leakage rate in Bahrain in 2006 was estimated at 16.5% 
compared to 32% in Mecca, 62% in Manila, and 4.7% in Singapore. The implementation of a leakage program in 
Bahrain has reduced the losses through replacing old pipes, elimination illegal connection, installation of meter on 
main pipes, enhanced maintenance and public reporting. However, the program did not achieve good results as it did 
not take into consideration pressure influence.  

This research evaluates the application of a hydraulic model to identify areas of high leakage and pressure 
distribution and compare the model prediction with field leakage values. The method stressed on the application of 
the INFOWATER model to evaluate the impact of pressure distribution and selection of appropriate pressure control 
valves to reduce the amount of the leakage taking into consideration the model compatibility with the existing GIS 
software. The model was applied to a 5 km2 area in Hamad Town covering five pilot zones (1203, 1204, 1205, 1206 
and 1207) connected to about 71,000 residences with a population size of 35,000 persons, and land surface elevation 
ranges from 30 cm to 42 m above sea level. The network consisted of a distribution main pipe with diameters of 80-
600 mm covering 63 km length and lateral of 12-50 mm covering 96 km with 8 storage tanks and pumping levels of 
69.5-78 m. The model simulation indicated two periods as having high water consumption rates at 8 am at a flow rate 
of 38 liter/second and 5 pm at a flow rate of 47 liter/second. Comparison between pressure distributions of the 
selected zones and leakage incidents record (as reported by the public) indicated that high leakage rates 
corresponded with zones with high pressure.  

The existing distribution of the network pressure far exceeds the designed pressure which represents one of 
the major causes to the high water losses. Model simulation suggested the installation of pressure control valves at 
some connection points at zone 1203, which would reduce the pressure in the range of 10-25 m with significant 
impact in lowering the leakage rates. For the other zones: 1204, 1205, 1206 and 1207, the corresponding pressure 
ranges should be at 10-30, 11-20, 8-30 and 9-16 m, respectively. The pressure control can be within the range of 30-
61 m. A reduction of losses by 10% can result in a saving of 64 Mcm/yr. The current rehabilitation practice of replacing 
old pipes will result only in a temporary solution. It is recommended that calibration of the developed model 
prediction with field values using pressure valves connected to the SCADA system is made. It is also recommended to 
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transfer information from a large number of monitoring points to the control command center that can control the 
opening and closing of pressure valves to maintain pressure balance.   
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Accelerated socio-economic development activities in Bahrain have contributed to the increase in the 
domestic water demand with more reliance on desalinated water to provide adequate supply and improved 
water quality. The population increased from 0.62 million in 1998 to 1.1 million in 2008, with an average growth 
rate of 2.92 %. The domestic water demands were 5.1 Mcm in 1952, 44.3 Mcm in 1980, 135 Mcm in 2000, and 
has reached 173 Mcm in 2007, and is expected to reach 259 Mcm in 2030. The per capita daily water 
consumption increased from 363 liter in 1980, 426 liter in 2000, and has reached more than 500 liter in 2006. 
The water distribution network coverage reached more than 95%. Desalination capacity was 8 Mcm in 1975, 
increased to 42.9 Mcm in 1984, 89.2 Mcm in 2000, 197 Mcm in 2006, and has reached 235 Mcm in 2009. The 
actual production of desalinated water was 36.7 Mcm in 1984, 78.1 Mcm in 2000 and has reached 122.6 Mcm 
in 2006. The used desalination technology consists of the Multi-Stage Flash (MSF), Multi-Effect Desalination 
(MED), and Reverse Osmosis (RO).  

The disposal of the desalination brine with certain physical and chemical characteristic into the coastal 
and marine zones has negative environmental impacts; the concentrated brine can have different degree of 
pollution impacts on the receiving environment. In this research the environmental impacts of the Sitrah 
desalination plant’s brine discharge was evaluated through the collection and analysis of water samples 
collected from the surrounding areas of the brine outlets.  

The methodology consisted of water field sampling and laboratory physical and chemical analyses in 
order to compare water quality parameters variation of the measurements in different locations including 
outlets with the Bahraini standards for desalination brine discharge. Sitrah desalination plant discharges its brine 
into the eastern coast of Bahrain. The plant was built in 1975 to produce 8.3 Mcm desalinated water and 100 
Mega Watt (MW)  power through  two MSF units, four sets of boilers and steam turbo generator, and equipped 
with two sea water intakes and four brine outfall culverts. The plant capacity was expanded through phases II 
(25 MW gas turbine with waste heat recovery boiler and auxiliary boiler and MSF unit) and phase III (have three 
identical MSF units) built during the period 1984-1985 to increase its total water production capacity to 41.5 
Mcm. The plant brine discharged to the sea has high temperatures and salinity and residual chemicals being 
used for the operation, maintenance and cleaning processes. A sampling grid consisting of 18 points is designed 
in a series of four parallel longitudinal profiles in the direction of the brine outlet that extended 150 m into the 
sea. The samples were taken one meter below sea level at 9 am and 3:30 pm during low and high tides for a one 
day evaluation. A reference ambient sample point (background) was set at a 50 m distance from the end of the 
brine outlet. The evaluation was made for 12 parameters: temperature, conductivity, total suspended solid, 
total dissolved solid, chloride, sodium, potassium, iron, copper, turbidity and chlorine.   

The analysis indicated an inverse relation between temperature and distance. The analysis indicated 
that the brine discharged temperature was 7 C0 higher than the sea ambient temperature and the difference 
could reach 15 C0 during the winter season. The effect of temperature in the case of low tide is slightly higher 
than during high tide; during low tide, the temperature variation was 36.6-40.6 Co with ambient 32.8 Co while 
for high tide it was 32.5-39.4 Co with ambient at 32.5 Co. The residual chlorine at the outfall was within the range 

of 0.06-0.2. The salinity also showed inverse relation with distance. The maximum salinity of 5800 s/cm during 

high tide was observed near the outlet compared to a value of 5300 s/cm at the sea water intake. In general 
high salinity was observed around the brine outlets and decreased with distance until it reached the mixing 
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zones (200 m) of the seawater conductivity. Heavy metals of Copper and Iron levels at the outlets were in the 

range of for 15-78 g/l for copper and 20-85 g/l for Iron, which were higher than their baseline values (cooper 

32.78 g/l and iron 8.15 g/l), and thus exceeded Bahrain standard. Turbidity ranged from zero at the intake to 
a high 4.37 NTU value at outfalls, but decreased outward until it reached the mixing zones. There is no change 
in PH values between the outlet and intake areas. The TSS values were the same for outlets and inlet during 
both low and high tides. The study recommended further investigation of the impacts of the discharged brine 
on the marine environment for different seasons with improved sampling representation and detailed physical 
and chemical analysis. 



P a g e  | 18 

 

Using System Dynamics for Simulating Water Quality Status in Tubli Bay, Bahrain 
 

Mohammed Jassim Al-Aradi  
Ministry of Works, Bahrain 
e-mail:  aaroudz3203@yahoo.com 
 
 
 
 
  
Hameed Abd-Ali AlMahal  
Ministry of Works, Bahrain 
e-mail:   halmahal99@yahoo.com  
 
Supervised by 
Prof. Waleed AlZubari, Dr. Alaa El-Sadek, Mohamed 
Abdulrazzak and Dr. Asma Abahussain 

 

 
 

Tubli Bay is an important environmental feature of Bahrain and has rightly been identified as a site of 
international importance. However, during a period spanning the past 50 years or so, there has been significant 
evidence of deterioration of the bay, and today it is a sad reflection of its former glory. The aim of this paper is 
to identify the main causes and the possible responses in related to the environmental degradation of Tubli Bay. 
A DPSIR analysis to indentify the direct and indirect causes, its various impacts and analyzing responses 
effectiveness is made. The analysis indicated that the main causes of the bay degradation is Tubli wastewater 
Treatment Plant where it is discharging about 150,000 m3/d of partially treated (secondary) effluent. The 
discharge of the effluent to the bay contributes to high concentration of Total Suspended Solid (TSS), Chemical 
oxygen demand (COD), Biochemical oxygen demand (BOC), Ammonia (NH3), Nitrate, Total Dissolve Solid (TDS) 
and Turbidity. The increase of the flow and its associated concentrations of the above parameters for the coming 
50 years are calculated and investigated using several scenarios. A dynamic model using Stella Software is 
developed to model the wastewater flows and their impacts. These scenarios represented the engineering 
solutions and non-engineering solutions. A comparison between all scenarios was made to investigate the best 
scenario to mitigate the impacts of the wastewater on the bay. The best solution to solve the degradation 
problem of the bay effectively and on sustainable basis are to combine both non-engineering and engineering 
solutions.  
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Socio-economic development activities in Bahrain have contributed to increases in the domestic water 
demand with more reliance on desalinated water to provide adequate supply and improved water quality. The 
population increased from 0.33 in 1980, 0.43 in 1990, and 0.62 in 2000, and to 1.1 million in 2008, with an 
average growth of 2.9%. Domestic water demands were estimated at 5.1 Mcm in 1952, 44.3 Mcm in 1980, 135 
Mcm in 2000, and reached 173 Mcm in 2007. Domestic demand is expected to reach 259 mcm in 2030. The 
gross per capita daily provided from the main water distribution point at the sources was at 363 liter in 1980, 
658 liter in 1990, 556 liter in 2000, and reached 578 liter in 2006. Water distribution network coverage reached 
more than 95% and partially provides water to the industrial sector. Desalination capacity was estimated at 8 
Mcm in 1975, increased to 42.9 Mcm in 1984, 89.2 Mcm in 2000, 197 Mcm in 2006, and reached 235 Mcm in 
2009. The actual production of desalinated water was estimated at 3.3 Mcm in 1980, 39.5 Mcm from the Sitrah 
desalination plant and reached 39.5 Mcm by the addition of Ras Abu Jarjur RO plant. The production in 1990 
increased to 57.5 Mcm by the addition of Addur plant and increased to 90.1 by the production from the private 
Hidd plant in 2000, and again increased to 109.5 Mcm in 2005 by the private ALBA plant. The total production 
reached 132.3 Mcm in 2007.  

Privatization of the water supply system has been receiving increasing attention in different parts of the 
world due to lack of government financial resources, conservation of water sources through improved use 
efficiency, and the need for enhancing system performance to increase consumers’ satisfaction. Experiences 
from different parts of the world provided mixed results of benefits and adverse impact of tariff on the poor. In 
Bahrain, initiatives of water production privatization started in August 2002 as the Ministry of Electricity and 
Water has decided to buy desalinated water from ALBA private company, and later in January 2006 by selling of 
the water production facilities of the Hidd desalination plant to HPC private company. The water authorities 
bought water from these two private companies through purchasing agreements. The third privatization is 
expected to take place in 2011 by buying water from IWPP private company as build and operate facilities 
scheme. The privatization scheme followed the French model where the production assets become privatized 
while keeping the other components (water transmission and distribution facilities) as public government 
assets.  

The objective of this research is to evaluate the financial benefits from the transformation of public 
asset to the private sector and assesses their operation. The methodology consisted of the evaluation of the 
investments made in the production, transmission and distribution faculties, the total cost to product one cubic 
meter in comparison to the water tariffs, and the cost of water purchasing from the two private companies.  

The analysis of the financial data indicated that in 1993 water production, estimated at 58 Mcm, resulted 
in a production cost of 15.8 million Bahrain Dinars (BD), with 6 million BD for the transmission cost and 9.43 
million BD for distribution cost with a corresponding total supply cost of 0.28 BD/m3 with a tariff of 0.056 BD/m3. 
In 2001, the produced 90 Mcm was achieved by a production cost at 17.58 million BD, while the distribution 
cost was at 7.08 million BD, with a total of 24.6 million BD. The corresponding total water supply cost was 
estimated at 0.307 BD/m3 compared to a water tariff of 0.19 BD/m3 charged to the public. In 2004, when the 
private company ALBA was involved, the cost was estimated at 0.268 BD/m3 compared to a water tariff of 0.06 
BD/m3. The involvement of the other private company, HPC, showed that the total supply cost was at 0.309 
BD/m3 with a water tariff of 0.061 BD/m3. The analysis indicated that the major cost component was associated 
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with the production as it represents almost more than 50% of the total cost. The water production cost was 
much higher than the prevailing water tariff which has encouraged waste of expensive desalinated water. The 
annual average water production from government facilities before the initiation of privatization for the period 
1985-1999 was estimated at 54.4 Mcm, with an average annual production cost of 17.5 million BD resulting in a 
unit cost of 0.322 BD/m3. The average unit cost from purchasing was estimated at 0.225 BD/m3 from ALBA and 
0.201 BD/m3 from HPC, in comparison to the government cost of 0.322 BD/m3. The analysis clearly indicated 
that purchasing of water from the two private companies resulted in cost saving of 30% from ALBA and 37% 
from HPC. The water bought from ALBA in 2007 reached 8.18 Mcm and cost the government 1.81 million BD 
and sold to the public at a subsidized rate of 0.025 BD/m3. The study recommended that the government to 
continue providing water to the public at a subsidized rate in order to achieve its social objectives of adequate 
and safe water supply, continue partial privatization initiatives with overall government control of water 
allocation and customer services, the designation of a water production facilities for emergency use, improve 
the regulatory practices and improve contract negotiating to minimize risk. 
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تقع مملكة البحرين في منطقة شددديدة الجفا و وتفددنن اددمن الدوا فار الفقر المادي المدلعو وفل  بةددبا شددحة مواردها  

الطبيعية المادية. وبةدبا الييادة الةدكاةية والنمو اتلافدادي واتااماوي وارتفاع مةداوم المعيمدة وما  دا بي من  يادار كبيرة في  

ولقد اقليدية وولى رأسها المياه المحلاةو لالبية ات ايااار الةكاةية في القطاع البلدي.  اللى المياه غير  الطلا ولى المياهو لجأر البحرين إ

كامدا  اوامدر البحرين ولى المياه الجوفية  كمورد مادي و يد ماوفر للاسداددامار المدالفة  اى مر لة ماأررة من الةدبعينارو ومع ا

المنطقة وفددر رفاه الافددادي بةددببيو مايامنا مع النمو الةددكاةي الكبير وات دهار في شدداى النفط في بدايار القرن المااددي ودروا  

 مجاتر الانميةو أدم فل  إلى تفاود مةامر وكبير في الطلا ولى المياه لالبية ات ايااار الةكاةية والأةمطة الانموية المدالفة. 

في العقود المااددية ولموااهة ادداوط الطلا ولى المياهو تبنب البحرين سددياسددة مادية تعامد ولى الاركيي ولى ااةا إدارة  و 

العرض من رلاا  يدادة اممددادار المداديدة للقطداودار المةدددداهلكدة للميداه. وبدالرغل من الجهود الحليلدة الاي تبددلهدا البحرين لةددددد  داادار 

م مايايدام واةقطاوار ماكررة في الةددنوار الأريرةو ةايجة  ،اممدادارالةددكان من رلاا سددياسددة تيويد  إت إةها توااي فجوة مادية وةقفددا

للييادة المضددطردة في الطلا ولى المياه الناامة ون الماايرار الديمارافية كالنمو الةددكاةي والاوسددع الحضددريو باماددافة إلى أةماط 

اااية محطار الاحلية ورطوط النقل وشدددبكة الاو يع. يعاةي لطاع المياه البلدية في مملكة اتسددداهلاا والنمو اتلافدددادي ومحدودية إة

البحرين من اددددعن في مةدددداوم امدارة المادية أدم إلى  اتسدددداهلاا المفرط للمياهو وادددداط ولى اممدادار المادية الماا ة لالبية 

  ماطلباتي.
هد  هدا البحث إلى إاراء دراسة شاملة للاساددامار المادية في القطاع البلدي وتحديد القضايا الرديةية فيي والاراح الوسادل   

ويةدانا  البحث   الممكنة لرفع كفاءة هدا القطاع بما يحقق اسدادامايو لاحقيق أهدا  الانمية اتااماوية واتلافدادية والفدحية في البلاد.

ن محاولة اتسددددامرار في تلبية ماطلبار القطاع البلدي بالمعدتر الحالية من رلاا الاركيي ولى إدارة العرض بالاوسددددع في إةمدددداء  بأ

ح بعض الحلوا الاي تجمع بين إدارة  الاروتل امحطار الاحليةو سدديييد من الأوباء اتلافددادية باماددافة إلى الاأايرار البيئية الةددلبية.  

الاحكل في معددا النمو   الممكن أن تةدددداهل في توفير الدددمدار المداديدة للةددددكدان لأطوا فارة ممكندةو وهي الطلدا والعرضو والاي من  

تمدددجيع اسددداددام المياه ، تطبيق ةظام تعرفة اديد، الاوسدددع في بناء محطار الاحلية، رفع الووي المادي لدم المةددداهلكين، الةدددكاةي

 .اساددام تقنيار الارشيد، تدفيض معدا الاةربار من شبكة المياه، الرمادية
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In Bahrain, total water demands have increased from 65.2 Mcm in 1952 to 335 Mcm in 2007, with 160 

Mcm or 47.7% of the total water use allocated to the irrigation sector. The irrigation water consumption is being 
satisfied by groundwater abstraction, supplemented by tertiary treated wastewater. Reuse of treated 
wastewater in arid regions, such as Bahrain, with scarce water resources provides a viable option to manage 
water efficiently and reduce the supply and demand imbalance. The Tubli wastewater production is estimated 
at 73 Mcm with only 35 Mcm is being reused for irrigation purpose conveyed to many farms free of charge, 
while a small amount is being reused for urban landscaping. The quality of treated wastewater meets the 
Bahrain reuse irrigation standard and is in line with the WHO guideline. The treated wastewater quality 
characteristic for the main parameters were reported as TDS=2204 mg/l, Nitrates=0.67 mg/l, Chlorine=1220 
mg/l, Sulfate=284 mg/l, suspended solid=4.9 mg/l, BOD= 0.18, Fecal coliform bacteria=0.04 cfu, and total 
coliform=0.02 cfu. 

In Bahrain, the size of irrigated areas is estimated at 2,900 hectares with their water supplies being 
provided from groundwater and treated wastewater sources. Large volumes of tertiary treated wastewater 
(95,730 cm/day; 35 Mcm/yr) is being reused to irrigate 413 farms covering with an area  of 2,242 hectares, 
representing 77% of the total irrigated area in the country. Historically, reuse of treated wastewater was in 
irrigating 165 farms covering 713 hectares in 2005, with additional 130 farms (490 hectares) in 2006, and 
additional 108 farms (230 hectares) in 2008. The investment in the reuse program was estimated at 1.79 million 
Bahraini Dinner (US$ 4.7 million). Future reuse plans consist of increasing reuse volume to 200,000 cm (73 
Mcm/yr) to irrigate 2,973 hectares by the year 2012. The irrigated farms are located in the western, northern 
and central regions. The wastewater treatment cost is estimated at US$0.13 /m3, transportation cost at 
US$0.04/m3, in comparison to a water supply production cost of $0.79-0.87/m3. The availability of good quality 
of treated wastewater at the farms provided free of charge has encouraged farmers to irrigate their fields in 
excess of the water requirement, leading to very poor irrigation efficiency. The application of excess wastewater 
can have harmful effects on plant productivity, soil salinity, faster movement of nutrients and pesticide to 
groundwater water resources and loss of opportunity for using saved water in the expansion of irrigated areas. 

Enhanced management of water resources in the irrigation sector requires reasonable estimation of the 
irrigation efficiency in order to identify appropriate means to save treated wastewater for further expansion of 
irrigated areas and increase productivity. Thus, the objective of this research was oriented towards evaluating 
the irrigation efficiency in a number of date Palm farms  receiving treated wastewater in order to demonstrate 
to the farmers the need to conserve water for future irrigated area expansion, as well as assess the water 
allocation criteria of 71 cubic meter/hectare/day, set by the Ministry of Municipalities and Agriculture. The 
research methodology consisted of daily monitoring for a period of two months of the actual flow received by 
12 selected farms with sizes ranging between 0.13 to 20.02 hectares, irrigated by flooding method. The irrigation 
efficiency is estimated as the ratio of the volume of treated wastewater supplied to the date Palm crop to the 
water allocation quota at 71 cubic meter/hectare/day designated as the standard water requirement by the 
agriculture authorities in the ministry. 

Evaluation of the collected data indicated that some farms received significant amount of water in 
excess of the crop requirement. The majority of the farms received more than 100% of what they need based 
on the established hectare requirement by the ministry. The irrigation efficiency ranged from 62 to 1320%. Some 
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of the farms with irrigated areas of less than 1 hectare have received large volume of treated wastewater that 
ranged from 44 to 773 m3/day. The analysis indicates that three farms have high utilization rates estimated at 
169% or 155 m3, 489% (44 m3) and 1104% (773 m3), with corresponding areas of 0.97, 0.13 and 1.0 hectares, 
respectively. This large variation in the amount of water used and the low efficiencies may be attributed to the 
influence of the soil type, timing of irrigation, type of crop, weather condition, level of the labor skill, application 
of traditional flood irritation method instead of drip irrigation, illegal water trading and the availability of water 
free of charge. The analysis indicates that the set water allocation criterion (71 cubic meter/hectare/day) does 
not achieve the water conservation objectives and differential among crop requirement. The study 
recommended further evaluation of the Ministry criteria according to reliable field measurements, re-evaluation 
of the allocation amount of treated wastewater according to crop requirements, soil characteristic, and method 
of irrigation, and improvement of farmer skills through on field training on efficient irrigation practices. 
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Desalination has become the main source of water supply in many countries. In the GCC countries, with 
more than 30 large plants, desalination is one of the major sources of fresh water for the last four decades.  
Most of these plants are built on the Arabian Gulf coastline and discharge their brines to the sea (the Gulf itself). 
In the Kingdom of Bahrain, currently there are seven large desalination plants in operation. Five of these plants, 
with installed capacity of 158 MGPD, supply water for domestic use, while the others are mainly for industrial 
process water. Just like any other industrial facility, desalination plants generate wastes in different forms and 
quantities. For such plants and regardless of the technology involved brine, also known as concentrate, is the 
main liquid waste. It is process by-product and characterized by high salinity and is likely to contain a range of 
trace chemicals. When the desalination plant is a thermal one, then the brine is also of high temperature. For 
this particular reason, RO plants are probably less harmful to the environment. This study objective is to assess 
the point source quality of the Addur Seawater RO (SWRO) desalination Plant brine; identify the main pollutants 
and their possible sources in the Plant’s effluent; determine the average pollutants concentrations; study the 
compliance of the brine discharge with environmental regulations in terms of physical, chemical and biological 
parameters as stated in the Bahrain Standard for Industrial Effluent, issued by the Directorate of Environment 
Assessment & Planning; Public Commission for the Protection of Marine Resources, Environment & Wildlife in 
1999. 

The results indicated that Addur SWRO Desalination Plant brine is, on average, 18.8% higher than the 
ambient seawater salinity. However, during a near field (into the sea) survey it was found that the brine has 
totally neutralized after about 10 to 15 meters. In any case such increase in salinity is unlikely to be harmful to 
marine environment. Moreover, during the ten months monitoring program of the Addur SWRO Desalination 
Plant, it was found that all physiochemical and chemical parameters were complying with the Bahrain Standard 
for Industrial Effluent of 1999. There was, however, one time where the temperature difference between brine 
and seawater (in 23 June 2009) and residual Chlorine (in 8 June 2009) have exceeded the limits. While he 
temperature increase was very minimal (only 0.7 ºC above the limit), the 7.6 ppm Chlorine is considered to be 
very high. Therefore, Chlorine monitoring in the outfall shall continue in order to reveal the reasons for such 
unaccepted value and hence prevent its reoccurrence. 
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اتجهب هيئة الكهرباء والماء في مملكة البحرين إلى تحلية    ، ةايجة للنمو والاطور اتلافادي والعمراةي و يادة النمو الةكاةي 

مليون االون من  90مليون االون منها  143بلاب الطالة امةاااية الحالية للمياه المحلاة في المملكة لقد و .مياه البحر لمواكبة هدا النمو

ملايين االون من محطة   7مليون االون من محطار رأس أبو اراور والدور و  21مليون االون من محطة سارة و  25محطة الحد و

مليون االون وأن المجموع الكلى للمياه الماوفرة يفل    30كمية المياه الجوفية الماا ة في المملكة  من اهة أررم تبلغ    ألبا لكلةني الفحل.

مليون  140في  ين أن معدا اتساهلاا اليومي بلغ  ، في  اا ومل اميع المحطار بطالاها القفوم مليون االون في اليوم/  173إلى 

 مليون االون في اليوم.  205.5بد  2020اتساهلاا الماولع  اى سنة لدر و ،االون في اليوم
تكاةا المياه الجوفية أهمية لفوم في مملكة البحرين بفورة وامة كوةها ت تمال  أية موارد مادية سطحية  يث تل اساددام  

 يث تعابر المياه   ،المياه الجوفية كمورد مادي و يد  اى مر لة ماأررة من الةبعينار، وامن ةطاق هيئة الكهرباء والماء أهمية را ة

الجوفية مهمة كوةها تةاددم في ومليار الدلط مع المياه المحلاة من أال تيويد المةاهلكين بمياه  الحة للمرب واميع اتساددامار 

مليون االون  35من لبل الهيئة كبيرة بحيث كاةب تةاهل  لرابة للمياه الجوفية كاةب معدتر اتسادراج لقد الأررم الحيوية واللا مة. 

وبرو  ممكلار   اتسانيا  بمكل ملموس في هبوط منةوب المياه الجوفية بمعدتر كبيرة،  ، ولد ظهرر ووالا هدا1984  واميوميا  

 بيئية سلبية تهدد بفقدان هدا المورد الهام، إف تمير معدتر الملو ة إلى تدهور وااح في ةووية المياه الجوفية إلى الدراة الاي أ بحب

م إلى  فيها غير  الحة لمعظل اتساددامار، فقد غير المياه مياه البحر المالحة طبقار المياه الجوفية بةبا اتسانيا  الجادر مما أد

  . مليجرام في اللار 10000إلى  4000 دوث تملح كبير للمياه الجوفية و اليا تاراوح الملو ة بين 
ممكلة اسانيا  المياه الجوفية من لبل الهيئة تحمل لدرا من الاعقيد، وينعكس ملل هدا الاعقيد ولى طبيعة الةياسار المادية  إن   

ولى الهيئة أن تطرق أبوبا شاى وتدابر  لوا وبدادل ماعددة وتةعى في ةفس الولب إلى تنمية موارد مادية والاي تافدم لهده الممكلة. 

بديلة أو مرادفة لمواردها الماا ة لكي ياةنى لها تحقيق موا ةة بين ما هو مااح من مياه اوفية وما هو مطلوب لةد ا ايااار الاطور 

ولى الهيئة أن تجد الحل المناسا لةد الفجوة ما بين العرض  مملكة مند أكلر من الااة وقود.العمراةي والانموي الكبير الدي تمهده ال

ففي اوء المعطيار الديموغرافية واتلافادية الحالية توااي الهيئة مةاقبلا يايايد فيي العجي   فة مةادامة،والطلا  اليا والمةاقبلي بف

كما ويجا وليها الحفاظ ولى المياه الجوفية لدر    ،المادي باسامرار، والدي يظهر بجلاء في تنالص  فة الفرد من المياه للفرد الوا د

 اممكان للأاياا القادمة والحد من ارتفاع ملو ة هده المياه بةبا اتسانيا  المةامر. 

 د مةانيفي المياه الجوفية أويعابر من    ةمهمالو  ةحيويال  ارقطاومن التكمن أهمية هده الدراسة كوةها تركي ولى لطاع يعابر   

وسو  تاركي ولى المياه الجوفية وكمية اسانيافها واودتها ولى فارة  منية طويلة  .  في المملكة والدي ييود المةاهلكين بالمياه المحلاة

الاأايرار الفعلية الاي طرأر ولى هده المياه وما هي رطط الهيئة المرسومة من أال الاقليل من اسادراج هده المياه ولى المدم بيان  ل

تقن وراء اتساددام    يالعوامل الا، ودراسة أةماط اساهلاا المياه الجوفية ولى مدم الةنوار المااية  تهد  الدراسة إلىوالقريا والبعيد.  

اع تو يار للحد من اسانيا  المياه الجوفية من لبل وو  ،تأاير اتساالاا المفرط  لهدا المورد الهام، وجوفيةغير المةادام للمياه ال

 الهيئة
ملليجرام لار إلى    3500وكمدددفب الدراسدددة ون أن ةةدددبة الملو ة في المياه الجوفية في اميع محطار الهيئة تراوح ما بين   

أفضدددل ةووية  وبأنةايجة لأةمدددطة الانمية المكلفة،  1985ادهور مع بداية في البدأر المياه الجوفية  ةووية  وان  ملليجرام لار،   12000

ادفق من طبقار المياه الجوفية  ت يث   ،هيئة مواودة في منطقة الهملة وهي  المناطق الممالية الاربية من البحرينالجوفية لحقوا اللمياه ل

الادةي المةدامر   ويمكن تلديص أهل القضدايا الاي توااي الهيئة في تلبية ا ايااار المياه ولى النحو الاالي في المملكة العربية الةدعودية. 

اسدانيافها من لبل الهيئة وتملحها، وكدل  تلوث اببار الجوفية بةدبا الأةمدطة امةةداةية القادمة، بامادافة  لنووية المياه الجوفية بةدبا  

تعاظل الطلا ولى محطار الاحلية لااطية ات ايااار المادية المايايدة للممدداريع الانموية، وااددعا وبئا اقيلا  ؛ إلى تقلص مناطق المياه

ولى هده المحطار ومؤارا ولى كفاءتها امةاااية بةدبا ودم القيام بأوماا الفدياةة الدورية لهده المحطار  ةدا الجدوا المعد من لبل 

ودم واود و ارة تدطيط مةداقلة بداتها من أال الانةديق بين اميع الو ارار والهيئار الددمة والاي يمكن لها رسدل سدياسدة مادية ؛ الهيئة

ودم واود إدارة  ، ور اديدة وفق إطار  مني معين و ةدددا ات ايااار الماولعةواادددحة بحيث تواي كل هيئة بالقيام باةمددداء محطا

 مادية مادففة في شئون المياه وتو ع الجهار المدافة بقضايا المياه في أكلر من هيئة أو و ارة  كومية.
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Population increase, urbanization and industrialization expansion has put significant pressures and 
challenges to water resources management in Egypt. Reuse of treated wastewater in agriculture has become a 
critical issue for decision makers in Egypt. Nitrogen discharges from untreated wastewater increase 
phytoplankton production which is associated with serious surface water quality problems. An assessment of 
the Nitrogen discharges to the Nile River at Rosetta branch is presented to describe the status and trends of 
water quality and the Nitrogen parameter along the branch. The different Nitrogen forms were simulated using 
QUAL2K water quality model.  

Two different scenarios were proposed and assessed to avoid the deterioration in the Rosetta branch 
water quality during the low demand period. The first is based on a dilution approach to dilute the organic loads 
and to achieve the local guidelines regarding Ammonia and organic-Nitrogen. The second scenario is to divert 
the wastewater from Abo Rawash Wastewater treatment Plant (WWTP) to dessert lagoons and reuse it for 
wooden trees (afforestation). It is concluded that the second scenario reduced the concentrations of Ammonia 
and organic-Nitrogen and made it to comply with the Egyptian guidelines at the water supply intakes. This 
scenario could be considered as the best and sound solution from an environmental and economic perspective. 
This indicates that the reuse of wastewater from Abo Rawash WWTP in irrigation can solve the high ammonia 
concentration problem, which arises every year, and also can save about 0.9 billion m3 per month in the low 
demand period and improve the Nile River water quality. 
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 Egypt annual share of water has been fixed at 55.5 Billion m3 since the 1959 Nile water agreement 
between Egypt and the Sudan. On the other hand, population is growing at about 1 million inhabitants a year. 
Therefore, water resources in Egypt are becoming scarce. In view of the water scarcity threat, conservation 
measures are undertaken at various levels within the Egyptian water system. Egypt is gifted with good soils, 
good climatic conditions, and a perennial source of irrigation water - the Nile. These gifts provide excellent 
conditions for agricultural production and the application of intensive agriculture. There is, however, 
considerable potential for increasing the agricultural productivity and quality of high-demand crops in the old 
lands through the wider adoption of improved technologies and cultural practices.  
 At present, agriculture consumes about 84% of the total water used in Egypt (Abu-Zeid and Rady, 1992). 
This means that this sector has the greatest potential for improving water use efficiency for even relatively small 
changes in on-farm water use at individual farms will result in sizable savings on a national scale. The main 
objective of this study is to propose new concepts to improve the IIP (Irrigation Improvement projects) and 
extend it to include water management improvement to achieve a real water saving. Moreover, 
recommendations are introduced to improve the performance of IIP in the future. A case study of Baher El-Nour 
Command area was chosen to compare water consumption for two scenarios. The first is cultivating lands by 
wide ridges and comparing it with narrow ridges. The other scenario is using laser land leveling to improve the 
IIP and extend it to include water management improvement to achieve a real water saving. The study indicated 
that using new techniques for cultivating some crops like sugar beats by wide ridge is gaining more production 
and more water saving. 
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The Qairwran watershed is located in Jerash Governorate in the northern highlands of Jordan with an 
elevation of 550-1100 m above sea level. The size of the catchments is about 36 km2 with a population of 38,900 
inhabitants scattered in three large settlements: Jerash, Suf and Suf Camp. The town of Jerash has a population 
of 9,737 with many cultural sites and commercial centers, the Suf camp is located in the middle of catchments 
having a dense populated refugee camps with a population of 12,411, and the Suf population is distributed 
trough out the upland small villages, rainfed orchards and grass land. The average per capita water consumption 
was estimated at 71 liter per day for the three settlements. The water resources consists of intermittent run off 
from frequent rainfall events (340 mm) of the two major Dayr and Suf wadis, 17 karsts springs discharging 3.3 
Mcm/yr, and groundwater abstraction from 6 wells (depth 120-400 m) taping two aquifers that are being utilized 
to meet the domestic water supply and irrigation water requirement. Water supply and sanitation services are 
being provided by the government. Accelerated development activities (housing, road and agriculture activities) 
are contributing to increases in water demand and groundwater pollution levels. The karsts limestone 
contributes to fast movement of different pollutants from leakage of partially and untreated wastewater, 
irrigation return flow, pesticide movement and olive oil and other small industries wastes.  

The concerned Ministries and pubic authority have recognized these challenges and have introduced a 
water management plan, legislation and groundwater protection zones at the national level, and have recently 
implemented at Qairawan a pilot watershed management plan. The major concern of the watershed community 
is the increases in the spring pollution levels resulting from unwise human activities especially from the disposal 
of untreated wastes including wastewater into large number of limestone sinkholes located near populated 
areas. This research focuses on assessing the sources of pollution and their impact on water quality specially 
water from springs, gauging the community perception of the water situation and level and sources of pollution, 
and formulate a watershed plan to reduce pollution and protect water sources. The methodology assessed the 
existing state through reviewing previous studies carried out by the government and donors and use field 
questionnaire information to assess community participation  and their role in the management of their 
watershed. 

The analysis indicated that spring discharges, water supplies from government wells, roof-top water 
harvesting system are the main domestic and irrigation water sources. The water supply was available once a 
week and the water quality was monitored once a year. Some portion of the community is served by a water 
supply network and sewer network, however most of the houses have cesspits. The analysis indicated that out 
of the 5,000 houses and businesses surveyed, 4,622 has cesspits and 2,605 connected to the sewer network. 
Dwellings used natural caves as a mean of disposing untreated wastewater. Low carrying capacity of the existing 
sewer network has caused manhole overflow, sewerage leakage was common and illegal dumping of cesspit 
effluent was taking place. All these practices have contributed to the increased pollution level. Moreover, 
pollution was taking place from the application of fresh organic manure, infiltration from manure piles and high 
rate of fertilizer and pesticides application. 

The major pollution souses were the active cesspits and lack of their cleaning, the high application of 
chemical fertilizer and fresh manure, live stock grazing near water sources, slaughter houses wastes, disposed 
liquid wastes from commercial activities, illegal dumping, olive oil mill wastes, construction materials, 
contaminated surface run off from urban areas and many agriculture activities. The major pollution sources 
were from bacteria and nitrates caused from wastewater and fertilizers and pesticides applications. The Fecal 
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coliform and E. Coli found in the water samples collected from  springs and wells exceed the Jordanian standard 
of 2000 MPN/100 ml. Ground water sources has elevated of bacteria count. Nitrates range from 28 to 70 mg/l, 
exceeding the drinking water standard of 50 mg/l. It was found that 8 springs out of 17 have nitrate level ranging 
from 50 to 233 mg/l, organic pesticide concentration of 0.01mg/l and low organic carbon (TOC) and oil grease. 
The geology of the watershed, being karst limestone with many natural caves a and sinkholes and the 
underground channels were contributing significantly to the fast movement of pollutants to the water sources. 
It is recommended that the watershed management plan should focus on the design and implementation of 
protective measures such as: elimination of cesspits and their regular cleaning, implementation of protective 
zones, rehabilitation of water supply and sewage network and expansion of their coverage, elimination of illegal 
dumping practice, improved livestock management, introduction of the concept of organic farming and pest 
management practices, and improvement of agricultural extension service programs through awareness and 
training. 
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The Qairwan watershed is located in the Jerash Governorate in the northern highland of Jordan. The 
size of the catchments is estimated at 36 km2 with a population of 39,000 scattered in the three large settlement 
of Jerash, Suf and Suf Camp. The water resources consists of surface runoff from two major wadis generated 
from frequent rainfall events (340 mm), the discharge of a  large number of springs and pumping from the 
shallow groundwater aquifers that are being utilized to meet the domestic water supply and irrigation water 
requirements. Water supply and sanitation services are being provided by the government. Increased human 
activities (housing, road and agriculture activities) are leading to increases in water demand and groundwater 
pollution levels. The geology of the watershed being karsts has contributed to rapid movement of different 
pollutants from leakage of partially and untreated wastewater, irrigation return flow, movement of pesticide 
and olive oil wastes and other small industrial wastes.  

Effective watershed management to achieve rational utilization and protection of the limited water 
sources calls for the implementation integrated approach including the active participation of the local 
community in the planning and decision making process. However the design of appropriate community 
participation program requires the availability of basic information on how stakeholders perceive conservation 
and protection of water and water related issues and assess their willingness to play an active role in the 
management of the watershed management. Thus, the objective of this research is to gauge the community 
knowledge of the existing water supply shortage and sources of pollution, their satisfaction with the level of 
services, effectiveness of government program in addressing their priorities and their role in the planning and 
implementation process. The methodology consists of design of an elaborate survey using a well structured 
questionnaire. The sample size of 40 participants covered many issues dealing with demographic characteristic, 
level of education, income, quantity and quality of water, cost of water provision, knowledge of the sources of 
pollution, adequacy of water supply and sanitation coverage including conditions of the existing network, 
duration of water supply availability, cooperation with government agencies, and the government response to 
their need. 
 Analysis of the questionnaire results indicated different education levels in the community as only 39% 
of the participants have a university degree, 32% secondary and 22.5% with primary education. Large family size 
of 7 members was observed with average monthly income of 475 JD and a monthly water tariff bill of 13 JD. Half 
of the respondents indicated that they are familiar with the water sources as well as the cause of pollution. 
Because of the shortage of water and lack of trust in the quality of water, more than 60% buy bottled water and 
depend on tanker water as a supply source and relay on water harvesting techniques to store water during time 
of needs. The respondents are well aware of the sources of pollution with 75% indicated that pollution takes 
place  from cesspool, 48% from leakage, 40% from farming and industrial wastes, 13% due to pesticides and 
fertilizers movement, and 35% attributed the cause to the lack of government implemented measures. Small 
percentage 3-5% was associated to human ignorance, over-pumping and olive and slaughter house sources. 
More than 63% expressed dissatisfaction with the duration of the service (rationing), quantity of water 
availability and timing of delivery, water pressure, water losses and high cost of services connection. However, 
55% of the respondents were satisfied with the government level of water and sanitation service coverage, but 
indicated lack of commitment by employees. Regarding the community involvement, 40% showed their interest 
to participate and share responsibility in the protection of water sources. 

mailto:beeba_batarseh@yahoo.com
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The respondents recommended the implementation of awareness and training programs on the type 
of pollution and protection measures, availability of water saving devices, increasing the provision of adequate 
water quantity and better quality including taping sources outside the watershed, and rehabilitation of the 
network. They indicated that awareness efforts to be oriented towards different segments of the community 
with focus on school and women groups and religious leaders. Future activities should solicit the view of the 
community first and select appropriate means to increase their participation in the planning and management 
processes.  
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Groundwater table rise in many urban areas are caused by a number of factors: high water consumption 
rates, leakage from old water supply and wastewater networks, absence of collection or and septic tank systems, 
landscaping and gardening, irrigation return flow, infiltration from high rainfall rate, and the presence of impervious 
layer at a shallow depth. Water table rises close to ground surface can result in major environmental and health 
impacts with damages to structure foundations of building and road, buried utilities services, settlement problems, 
collapses of both cohesive and granular soil, occurrence of hydrogen sulfide gas, stagnant shallow pools with bad 
odor and toxic elements, and the  pollution of shallow aquifers. Most of these problems have been experienced in 
Kuwait city due to the very high per capita water consumption rates in excess of 500 liter/day, extensive landscaping 
practices and the horizontal urban expansion. Kuwait prevailing geotechnical condition add another complication 
factors specially near the coastal zones due to the precipitation of chloride and sulfate deposits from the upward 
movement of groundwater by capillary fringe influenced by high evaporation rates at the surface. Previous 
rehabilitation efforts consisted of the implementation of dewatering technique in selected areas to lower the water 
table up to 4 meter without detailed evaluation of the quantification of the mode of movement and amount according 
to sources.  
 The water table rise problem continues to persist in some areas due to the lack of knowledge on the 
identification and quantification of the infiltration-recharge according to the water source. The availability of such 
information on the infiltration-recharge characteristic can help identify the causes of the problem and the design of 
appropriate rehabilitation techniques. The objective of this research is to estimate the contribution of various 
recharge sources that are contributing to the water table rise through the application of chemical and isotopic 
techniques with more emphasis on the later method. The application of the isotopic fingerprint techniques through 
sources signature can trace the origin of water, flow direction, the infiltration-recharge rates, travel time and velocity, 
the degree of mixing of different sources and hydraulic connections. The methodology called for evaluation of 
geological and hydrological conditions, followed by field water sampling and laboratory analysis and the evaluation 
of the results to delineate the different water sources in a given area. 
 The three areas of; Kifan, Al-Adylia and Al Khaldia were selected based on existing well distribution, the 
interconnection among the areas, the susceptibility to water rise and availability of both pumping and monitoring 
wells. Sources signatures are to be identified from the collected water samples. Existing reports provided background 
information on water levels and quality, soil and aquifer characteristics, water supply and sewage networks coverage, 
surface drainage system and irrigated areas. The water samples were collected from the wells and water supply, 
wastewater and irrigation sources for the  analysis for chemical and isotopic signatures (C14, H2, H3, O18 and B11) in 
order to measure temperature, TDS, ,PH, oxidation and reduced potential, dissolved oxygen, color and odor, major 
anions and cations, inorganic nutrients, organic (TOC and TPH), and trace elements. The isotopic analysis would lead 
to delineation of origin, age, resident time, flow velocity and mixing process. The isotopic analysis to be carried out 
at international laboratories, while the detailed chemical analysis was carried at the Kuwaiti Institute for Scientific 
Research (KISR). The analysis focused on the correlation of the recharge sources signature and result of the chemical 
and isotopic analyses as well as the correlation between the spatial distribution of relevant elements and location of 
the recharge sources. 

Evaluation of the chemical analysis of the groundwater source alone did not provide clear delineation of the 
fractionation of recharge from different sources. It is expected that the isotopic analysis complimented with chemical 
results will provide reliable information on the amount of recharge from different sources. Both chemical and isotopic 
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analysis would provide detail information on the water movement and delineation of their sources needed to design 
the appropriate rehabilitation system.  
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Large areas in the middle and southern part of the Jordan River valley are characterized by being saline 

in regard to soil and water (especially in the areas near the Dead Sea Basin).  The salinity problem is aggravating 
with time; more and more wells in the Jordan Valley area are recording escalating levels of total dissolved solids.  
Due to this, farmers in these areas are abandoning the cultivation of their lands, or use high cost modern 
techniques (such as reverse osmosis for water desalination) to plant their lands. This is affecting the 
socioeconomic status of the residents and a lower than average income is noticed in such areas. Date Palm trees 
are considered to be tolerant to high levels of salinity in soil and water that allows it to survive such high levels 
with no or minor reduction in yield, in addition, date Palms prefer hot climate which is prevailing in the Jordan 
Valley. In spite of the high economic return from Date Palms for the local market and for exporting, the 
cultivation of commercially effective varieties of Date Palms is considered relatively new in the Jordan valley 
although the crop has been naturally cultivated for long time.  Modern cultivation varieties and techniques are 
still exclusive to farmers with high resources who can pay for the costs of acquiring the expertise for Date Palm 
growing and to take the risks if these plantations failed. This research aims at discussing the suitability of water 
resources available at Jiftlik in the Palestinian Jordan valley area for the cultivation of Date Palms as an 
alternative cropping pattern to cope with the salinity problem.  An estimate of the potential of this new crop 
compared to available brackish water is also presented based on the local crop requirements and a realistic 
leaching fraction. In addition, potential locations for the cultivation of Date Palms are suggested. 
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Qatar is a peninsula with an area of 11,000 km2 with a moderate relief and an elevation that does not exceed 

110 meter above sea level. Most of its area is covered by limestone, sand dunes and sabkhas, and limited annual 
rainfall ranging between 40 and 80 mm. The main water sources are desalinated water, groundwater from the shallow 
alluvial, Um Radhuma, and Dammam aquifers, treated wastewater, and very limited intermittent runoff. Desalinated 
water is the main water supply sources supplemented by a small amount from groundwater.  Qatar population 
increased from 0.1, 0.55, 0.825 and 1.8 millions in the years 1978, 1995, 2005 and 2010, respectively.  In the last 5 
years the population growth rate was at 5.3%, and the country population is expected to reach 2.03 million in 2013 
and 3 million in 2026. High domestic water demand is being experienced due to the improved standards of living, 
high population growth rates estimated currently at 7% mainly from the influx of large number of expatriates due to 
accelerated economic development activities, high urbanization rates and the availability of water free of charge to 
the Qatari nationals. The domestic per capita water consumption reached 740 liter per day in 2007 with significant 
increase in the generated wastewater volumes. Desalinated water production increased from 85 Mcm in 1990 to 163 
Mcm in 2000 and reached 340 Mcm in 2009. The domestic water demand increased from 85 Mcm in 1990 to 158 
Mmcm in 2004 and reached 302 Mcm in 2009. In 2009, the high water consumption generated an estimated 
wastewater volumes of 73 Mcm with 16.5 Mcm treated to a tertiary level.  
 The large volumes of generated wastewater presents a management challenge to decision makers as the 
treatment facilities are operating at a rate in excess of their capacity and forcing the wastewater authority to dispose 
of untreated wastewater to remote areas outside Doha city. The research objective focused on assessing the current 
wastewater management practice, identify major constraints and challenges, and to suggest management measures 
to reduce the impact on the environment. The methodology consisted assessing the current water consumption, 
identify the wastewater components specially plant capacity and collection network, estimate the amount of 
wastewater generated and received treatment, and evaluate  the manner being used to handle excess wastewater. 
 The analysis indicated that wastewater facilities consisted of two treatment plants (Saliyah and Nauija) that 
were operated continuously around the clock, 12 packaged treatment units, 176 pumping stations and 1,723 km 
gravity network serving 44,800 houses. The wastewater generated was estimated at 47 Mcm in 2004, and reached 
73 Mcm in 2008, which is in excess of the existing treatment capacity of 32 Mcm. The additional wastewater made 
necessary to transfer untreated wastewater to two large lagoons at AbuNakhla lagoon located 15 km and Kraana 
located 85 km from the capital. The leakage from the sewer network and storage of untreated wastewater in the two 
lagoons represents a major environmental risk contributing to soil and groundwater pollution around the disposal 
areas. The un-sewer parts of the city are being served by tankers to transport effluent to the two lagoons. The 
management plan calls for the expansion of the existing two treatment facilities as well as construction of new plant 
north of Doha, along with the expansion of the network. The excess treated wastewater to be reused in landscaping 
and groundwater recharge after meeting the strict Supreme Council and Natural Reserve standards.  

The study recommends the formulation and implementation of a wastewater master plan that can enhance 
coordination mechanism among water supply and wastewater authorities, increasing reuse volumes of treated 
effluent in urban landscaping, implementation of demand management measures and increase awareness through 
media and educational programs to reduce the generated wastewater volumes, involvement of private sector in the 
financing, operation and maintenance of wastewater facilities, and enforcement of strict environmental standards as 
well as evaluating the option to invest in new treatment technology appropriate for arid environment. 
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In Saudi Arabia, economic activities in combination with social development have contributed to 

increases in water demand especially in the irrigation sector with water supply being provided from 
groundwater and desalinated sources. High population growth rates, improvement in the standards of living, 
and high urbanization rates have contributed to significant increases in domestic water demand. Domestic water 
demands for Saudi Arabia have increased from 200 million cubic meters (Mcm) in 1970, 1.8 billion cubic meters 
(Bcm) in 2000, and 2.1 Bcm in 2010. The availability of financial resources has enabled the government to 
provide excellent water quality from desalination and increased the water supply network coverage. However, 
high urban expansion rates have placed immense pressure on the existing water supply network leading to 
water rationing due to limited supply in most of the major urban centers. The interruption of water supply has 
forced residents to build underground storage tanks to store enough supply for all the times of the day and also 
built a smaller size tank at the roof of their buildings. The roof top tank is supplied by pumping from the 
underground tank, and maintains adequate pressure and provide water for inside house uses. The underground 
tank, which stores large volume of water, is usually a concrete type with different degrees of protective 
insulation. However, these tanks can be exposed to pollution from nearby sources such as septic tank, overflow 
of sewer and seepage of polluted water from the unsealed opening of the tank. In addition, there is no regulation 
to monitor the status of water quality in these tanks. The two tank system is the common practice observed in 
the urban areas of Saudi Arabia.  

Contamination of supply sources can pose health risks to the public. Limited studies were carried out to 
assess the quality of the water stored in the underground tank and the utilization of its water inside the house. 
This study focused on this issue by selecting the city of Buraidah, located in the Qassim region in the central part 
of the country. The population in 2006 was estimated at 0.52 million with 43,108 houses connection to the 
water supply and sanitation networks. The methodology consisted of water quality sampling and field 
questionnaire survey to evaluate water quality of the underground storage tank in regard to pollution sources, 
practice of tank cleaning, the utilization of water for drinking and cooking purposes and availability of small 
filtration system inside the house. The sample and questionnaire covered the major five sections of the city. The 
water quality evaluation consisted of the collection water samples (42 samples) from the underground tank to 
evaluate their chemical and biological characteristic. The water quality analysis consisted of nine chemical and 
biological parameters, represented by the TDS, NH3, NO2, Free Cl2, PH, Total Fe, Turbidity, Total Coliform bacteria 
and E. Coli.  

The water quality analysis indicated that the ranges of:  TDS=435-636 mg/l, PH=6.8-8.09, NH3 and NO2 
was nil, Fe=0.01-1.22, Cl2 =0.05-0.31 mg/l and turbidity=0.06-32 NTU. Most of the values were within the range 
of the Saudi Drinking Water Quality Standards with variation for some of the samples, such Fe and Cl2. The 
concentration of Iron was high in three samples, free Cl2 was high in 12 samples, turbidity was high in three 
samples, Total Coliform bacteria present in six samples and E. Coli in one sample. The low count of free chlorine 
indicated that pollution may exist from the lack of regular cleaning. 
 The questionnaire provided further information about the construction method of the underground 
storage tanks in term of material and protective insulation, tank regular cleaning practice, water utilization from 
the ground tank for drinking and cooking purposes and field inspection of the condition of the tanks. Analysis of 
the questionnaire data indicated that 93% of the residents did insulate their storage tank with appropriate 
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protective material to prevent leakage from the surrounding areas near the tank in case there is a septic tank; 
81% surveyed houses did not clean their tank on regular basis; 90% do not use the water from the storage tank 
for drinking purposes; 93% use the tank for cooking; and 67% have small water filtration system in their houses. 
The survey indicated the underground tanks are of concert type, while the roof top tanks are of fiberglass 
material. The study recommends the implementation of awareness program to encourage residents to 
undertake regular cleaning and proper protection of their underground storage tanks, as well as to implement 
a mandatory field inspection by the responsible authorities or outsourcing of inspection service to the private 
sector. 
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Economic activities in combination with social development have contributed to increases in water 
demands in Saudi Arabia, especially in the irrigation sector, satisfied mainly by mining of non-renewable 
groundwater sources. The increase in the domestic water demand in major urban centers have resulted in the 
generation of large volumes of wastewater, which are being treated to secondary and tertiary levels. 
Wastewater generated from the expansion of the major urban centers in Saudi Arabia have reached about 1.114 
billion cubic meter (Bcm) in 2007 with 730 Mcm is receiving secondary and tertiary treatment from 54 major 
plants, while about 384 Mcm are untreated, and are disposed into septic tank, wadi channels and into the sea. 
A small portion of treated secondary and tertiary effluent, estimated at 240 Mcm is being reused mainly in 
agriculture and landscaping with 16 Mcm from this amount is reused in the industrial sector. The number of 
wastewater treatment plants in Saudi Arabia is expected to reach 70 plants by 2011 with the volume of 
generated wastewater to reach about 1.7 Bcm.   

Effective management of water resources requires more reuse of the adequately treated wastewater in 
the irrigation sector in line with the reuse practices that are being carried in different parts of the world. In an 
arid region, such as Saudi Arabia, with high dependence on non-renewable groundwater sources, reuse of 
adequately treated wastewater in the irrigation and industrial sectors can help reduce the rate of depletion of 
groundwater sources, could be used to enhance groundwater storage by artificial recharge and to control 
saltwater intrusion, if reuse is made in or near the place of treatment could reduce the cost of transportation 
and disposing into the sea, and would definitely reduce the environmental cost of disposing to the marine 
environment. Thus, it is necessary that in different parts of Saudi Arabia where large urban centers exists, such 
Buraydah and Unyzah, with large agriculture areas that are being irrigated from the non-renewable Saq aquifer 
to benefit from available treated wastewater for irrigation, industry, and landscaping purposes. 

In this study the reuse of the available excess treated wastewater from the plants located near Buraydah 
city was evaluated as a potential source for the irrigation sector. Buraydah city is located in the Qassim region 
of the central part of the country. The population of the city was estimated at 0.52 million in 2006, with water 
supply and sanitation networks covering most sections of the city. The wastewater treated facility located to the 
east of the city, tertiary treated about 25 Mcm in 2009, and the capacity is expected to reach 55 Mcm in the 
near future. A limited amount of about 50% of the available effluent, estimated at 12.7 Mcm, is being reused to 
irrigate limited farm areas, highways landscaping, and few recreation facilities, while the remaining volume of 
12.3 Mcm  is being discharged into the nearby wadi Al Rimah. The treated effluent is being conveyed to different 
areas through a distribution network managed by government agencies. The water is delivered free of charge 
and in unlimited quantity to these farms. 

The objective of the study is to explore and evaluate the opinion of the farming community toward 
increased reuse of the tertiary treated wastewater to irrigate large areas with certain crops compatible with 
quality of the available treated wastewater. Positive response of the farmers can help design irrigation reuse 
schemes for the major cities of Buraydah and Unayzah and large number of surrounding towns to expand the 
size of irrigated areas and expand the treatment capacity of plant and wastewater collection network. The 
methodology consisted of the use of questionnaire information to assess the farmer’s willingness to reuse 
treated wastewater. The questionnaire sample size consisted of interviewing 80 farmers in the agriculture areas 
east of the city that are currently receiving treated wastewater. The questionnaire focused on the issues dealing 
with willingness to reuse secondary treated effluent with no reservation, the reuse to irrigate alfalfa and palm 
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trees or all kind of trees without proper government supervision and the provision of treated wastewater at a 
very small symbolic cost. 

The analysis of questionnaire information indicated that large percentage of the farmers, 67%, are 
interested in receiving and using treated wastewater but with some reservation, while only 13% of the farmers 
were very reluctant in reusing wastewater. The majority of the farmers (88%) were interested in reusing the 
treated effluent to irrigate alfalfa and 90% to irrigate date palms. In general 75% of the farmers were interested 
in increasing the reuse practice in the irrigation of their farm under the supervision of the responsible 
government authority, as well as availability of the treated effluent at no cost. The study recommended the 
implementation of awareness programs to build the farmer confidence in the reuse process and suitability of 
the quality irrigate certain crops that have no health risks. It also recommended to increase the coverage of the 
wastewater collection network, increase the size of the irrigated areas by using the excess effluent, and 
introduce water legislation to ban the issuing of permits for well drilling in areas that have access to tertiary 
treated wastewater. 
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No. Student’s name Country Project title 

1 Fadhel Abbas Ebrahim  
 

Bahrain Ensuring Adequate Water Resources and Storage 
Infrastructure to meet Agricultural Needs 

2 Isa Ahmad Al Malood  
 

Bahrain   دراسة مدم تاير تقبل المجامع البحريني تساددام مياه

 الفر  الفحي المعالجة 
3 Sameera Ebrahim Ghareeb  

 
Bahrain Effect of Treated Wastewater on Accumulation of 

Heavy Metals in Two Vegetable Crops in Bahrain 
4 Sayed Saeed Al-Ghani 

 
Bahrain للحد من ممكلة تحويل مياه   دراسة الديارار الماا ة

 الفر  الفحي  الاير معالجة لدلي  توبلي
5 Havan Hassan Salman  

 
Iraq   محافظة  ، ةحو إدارة ماكاملة لمفادر المياه في هور الدلم

 امهورية العراق، واسط
6 Khalifa Mohammad Al-Fraij  Kuwait  دولة الكويب  فياساهلاا المياه المعبأة  
7 Ahmad Mohammed Al Rawahi Oman Water Budget Review of Wadi Ma’awil 

Catchment Barka – Al Batinah Region 
8 Riyadh Kanzooz AlBusaidi  

Hatim Said AlZadjali 
Oman  اساددام المياه الرمادية كأداة مدارة الطلا ولى المياه في

 سلطنة ومان 
9 Tareq Hareth Mohammed Al- Kindi  Oman   لياس مةاوم إدارة الموارد المادية في أسفل  وض وادي

المعاوا )مدينة بركاء( بةلطنة ومان باساددام مؤشرار  

 امدارة الماكاملة للموارد المادية 
10 Abdullah Mousa Abdulwahed Saudi 

Arabia 
Asbestos Cement Potable Water Network and 
Possible Health Effects on Jubail Industrial City 
Populations 

11 Mazen Abu Abdullah Saudi 
Arabia 

ةحو إدارة ماكاملة للموارد المادية في وادي ايل غرب 

 Abdulrahman Metab Al-Zahrani 12 المملكة العربية الةعودية
13 Essam Obaid Al-Wagdani 
14 Mushabab Ali Mohammed Al-Qahtani Saudi 

Arabia 
تقييل الواع الراهن والحلوا المقار ة لبحيرة الفر   

 الفحي بمرق ادة 
15 Saadi Abdullah Al Saadi Al Bagawi Saudi 

Arabia 
Reuse of surplus treated wastewater effluent 
from Treatment Plants in Jubail Industrial City 

16 Abeer Ali Al-Asady 
 

Yemen Ground Water Protection in North Eastern Part of 
LC-Sana'a corp. of Sana'a city within Integrated 
Water Resources Management Perspective 
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Supervised by 
Prof. Ahmed Ali Saleh 

  
 
 Traditional and emerging environmental threats are all interlinked. For instance, desertification leads to 
biodiversity loss, livestock increase and overgrazing leads to desertification, waste-dumping releases methane, 
which adds to the global warming problem, in turn leading to desertification, water scarcity, and many other 
ecological disasters. A sustainable management policy requires socio-economic, technical and institutional facts 
to be considered altogether. This approach has led to the emergence of the concept of "integrated management 
of water resources”. The preservation and evaluation of a given water source for beneficial utilization can only 
be achieved through an integrated management system. Integrated basin management aims at preserving 
water quality by taking into account all the activities within the basin. The transition to sustainable development 
in the Kingdom of Bahrain is not an option to choose, but rather an imperative choice for the society survival 
and the well being of future generations. Government officials in Bahrain are well aware that the real challenge 
of mounting a national sustainable development program for the Kingdom is to foster, test, and disseminate 
ways to change the process of economic development, so that it does not destroy the national fragile 
ecosystems that support life and make it possible.  
 Bahrain suffers from a scarcity of water resources. The population is totally dependent on groundwater 
resources and on desalination facilities to meet its demand for freshwater. Domestic water increased at 1.6% 
annually in the period 1976-1986 and since then at 6% per annum. Average per capita water use in the country 
has doubled since the seventies to reach an average well above 500-liter per day in 2000, which is considered 
high compared to the world average. Nearly 82% of the water demand is met by groundwater abstraction, while 
desalinated water contributes to 13% and tertiary treated sewage effluents and agricultural drainage water 
accounts for 4% and 1%, respectively. Bahrain had in the recent past years a million palm trees, whereas 
currently palm trees do not exceed 400,000. This decline is attributed to salinization problem caused by 
groundwater overexploitation, and conversion of agricultural lands into commercial and residential uses.  
 Agriculture plays an important role in the livelihoods of Bahraini families, however, it consumes 70% of 
abstracted groundwater while its contribution to national economy is less than 1%. Two guiding principles or 
approaches have been followed to manage water more efficiently in agriculture. The first approach has dealt 
with the issue of reducing groundwater abstraction, while the other has concentrated on finding alternative 
irrigation water for agriculture and ever-growing landscape projects. A number of actions have been 
implemented to achieves these two aims. These include, enacting and strictly enforcing laws to reduce 
groundwater abstraction, increasing water use efficiency in agriculture, improving irrigation methods (modern 
irrigation techniques where 75% of agricultural area is under flood irrigation), replacing high-water requirement 
crops with others of less water demand, introducing tariffs for using groundwater,and using treated sewage 
effluent. 
 Currently 70% of sewage effluent resulted from main treatment facility is tertiary treated and being 
used in watering forage crops and landscapes. Current plans aim at fully utilizing recycled wastewater of the 
expected effluent of 200,000 m3/day by 2010, which will save 20% of current annual groundwater abstraction. 
Officials are very much cautious about the use of recycled wastewater in agriculture. All necessary precautionary 
measures have been taken to rationalize such use in order to minimize the impact of soil and groundwater 
pollution on human health.  
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تملل ةدرة الموارد المادية في مملكة البحرين ممكلة كبيرة في ظل  يادة ودد الةكان و تاير ةمط اتساهلاا، والدي يؤدي إلى  

لكن ما  اا  ومياه الفر  الفحي المعالجة هي أ د المفادر غير الاقليدية للمياه أن ا دياد مةامر لمياه الفر  الفحي. في الوالعو  

هدا المفدر ت يلعا دورا محوريا في سد ات ايااار المادية للمملكة ليةاددم في أغراض الفناوة مللا أو غيرها من الأمور الحياتية. 

وفل  وندما   ،معالجة مياه الفر  الفحي معالجة ايدة و فعالة هي من أهل وسادل وطرق  ماية البيئة المادية والأراية من الالوثأن  

العلمية الفحيحة وات المعالجة  البيئية وتحقق سلامة امةةان اوفر  المياه وإوادة تدويرها بأمان دارل المنظومة  لادلص ابمن من هده 

للمياه في مملكة البحرين ولو بدراار   ألل من والحفاظ ولى بيئاي و حاي. وتعد مياه الفر  الفحي بعد معالجاها مفدرا إاافيا 

باماافة إلى أن معالجة هده المياه يةاود في الحماية من الالوث البيئي. ولد تل الاركيي في  المفادر غير الاقليدية الأررم ملل الاحلية،

الةنوار الأريرة ولى ارورة إوادة اساددام بعض مياه الفر  الفحي المعالجة للأغراض اليراوية ورفو ا في ري المةطحار 

   .في المملكة الدضراء والحدادق

هد  هدا البحث إلي معرفة مدي تاير سلوا المجامع البحريني ةحو اساددام مياه الفر  الفحي المعال و وفل  بمقارةة   

الدراسة بدراسة مماالة تمب مند ومر سنوار. و الدراسةةااد  هده  الدراسة ولى معرفة  69أن    أظهرر ةااد   % من أفراد وينة هده 

في سبا ودم الرغبة في اساددام مياه المجاري لد طرأ  وأظهرر مقارةة الدراساين أن تايرا  ،  بأماكن تفرين مياه المجاري من المنا ا

%، 48.6%، أ بح العامل النفةي هو الحااي الرديةي بنةبة  59.2المعالجة، فبعد أن كان الدو  ولى الفحة هو الةبا الرديس بنةبة  

أكبر   اقة  لديها  أ بح  العينة  أن  يعني  الجراايل الاقنيا   بكفاءةمما  ولى  القضاء  ولى  ولدرتها  المجاري  مياه  تنقية  ولى  المةاددمة  ر 

ن رغبة الأفراد في اساددام  أهدا المورد المادي. كدل  ف  وادقا رديةا تساالاايظل العامل النفةي    ،بالرغل من فل ، ولكن  والميكروبار

المعالجة تحب أي ظر  من الظرو  و في أي مجاا من المجاتر سواء في المرب أو الطبخ،  راوة الدضراوار  مياه المجاري 

، أ واض الةبا ة، تادية المياه الجوفية، واتساددام المدفي أو اتساحمام، ت ترتبط بجنس الأفراد  الفناوة المأكولة، ري الحدادق،  

وتندفض رغبة الأفراد في اساددام مياه    أو بةنهل، إت أةي يرتبط غالبا وفي المجاتر العديدة بمةاوم الاعليل، ولكن هدا اترتباط يظل.  

المجاري المعالجة كلما كان هدا اتساددام مافل اتفات مباشرا بجةل امةةان ةفةي كما هو في  الة المرب و الطبخ، وأ واض الةبا ة  

ما كان هدا اتساددام بعيد ون وتادية المياه الجوفية واتساددام المدفي أو اتساحمام، في  ين ترتفع رغباهل في اساددام هده المياه كل

تبين اه ليراوة الدضراوار غير المأكولة، وكدل  في ري الحدادق و في الفناوة. كما  اةل امةةان كما هو في  الة اساددام هده المي

أن أغلا الأفراد ولى اساعداد لدفع مبالغ إاافية تجنبهل اساددام مياه المجاري المعالجة في أي من المجاتر سابقة الدكر تحب أي ظر  

 من الظرو ، مما يدا ولى أن اةدفاض سعر المياه المعالجة ت يييد من رغبة الأفراد في اساددام هده المياه في أي من المجاتر.     
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 The Gulf Cooperation Council (GCC) countries are located in a desert region, which is characterized by 
high temperatures, high evaporation rates and low and erratic rainfall. Irrigated agriculture is by far the largest 
water user with an average of 78% of the total water use in these countries. Most agricultural water (85%) comes 
from groundwater, which is largely non-renewable. Due to its over-exploitation and quantity and quality 
deterioration, there is a sharp decline in the availability of groundwater to be used for irrigation in the GCC 
region.  
 The use of treated sewage effluents (TSE) as water and nutrient source have been introduced as a viable 
irrigation water source in Bahrain. Use of treated wastewater was largely limited to irrigation of landscape areas 
to reduce the risk associated with heavy metals in TSE to human health.  The present study aimed at evaluating 
heavy metal content in two popular vegetable crops irrigated with TSE as compared to irrigation with 
groundwater. Two popular leafy vegetable crops were selected for this study: girgeer (Eruca sativa) and radish 
(Raphanus sativus). The vegetables were irrigated with both groundwater and TSE. Plant samples were collected 
for analyses of heavy metals content. Water samples were also analyzed for heavy metals content. The results 
indicated that the vegetable of Girgir under TSE application uptake of heavy metals was more than the vegetable 
of Radish, but both were lower than the recommended concentration threshold levels of trace elements for 
crops production of WHO.  
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م، ومند فل  الولب وومليار امةماء للمبكار  1971لقد بدأ إةماء شبكار الفر  الفحي في مملكة البحرين مند مطلع العام  

الاي شهدر  يادة هادلة في    سنة الماايةالدمةة ومر    الجديدة وتمديد المبكار القادمة في توا ل مةامر وبمكل مناظل ورفو ا في

ةي من الملا ظ أن تطور مماريع البنية الاحاية وبمكل  أرة في مدالن مناطق المملكة. إت  النمو الةكاةي و ا باها طفرة ومراةية كبي

الةكاةي  الاعداد  المفاائة في  العمراةي والييادة  الاطور والاوسع  الدي ياناسا مع  لل يكن بالمةاوم  أساسي شبكار الفر  الفحي 

ومن الطبيعي أن يفا ا الييادة الةكاةية والاوسع العمراةي والنماط اتلافادي تةارع في معدتر الطلا ولى المياه البلدية   ،للمملكة

مما ينا  وني  يادة في معدا تدفقار مياه الفر  الفحي من اميع القطاوار المةاهلكة للمياه البلدية )القطاع الةكني، القطاع الاجاري، 

وكدل  لطبيعة    ،حر وليها(وةظرا ترتفاع كل من منةوب المياه الأراية وةةبة الملو ة فيها )وفل  لادارل مياه الب  القطاع الفناوي(.

كة المناخ الةاددة في المملكة الدي ياميي بالحرارة المديدة والرطوبة المرتفعة، فان اميع هده العوامل لد ساهمب وبمكل كبير إلى تأار شب

. وتفل ةةبة الفر  الفحي وتدهورها مما أدم إلى  دوث ممكلة تةربار المياه الأراية وبكميار كبيرة إلى شبكة الفر  الفحي

وهي ةةبة كبيرة إفا ما  ،% من كمية المياه المادفقة وبر المبكار إلى محطة توبلي لمعالجة مياه الفر  الفحي55هده الاةربار إلى 

أن النةبة العالية للاةربار تعد من أهل المؤشرار ولى تدهور   .%30-15لورةب بالنةبة المةموح بها الاي تعد مقبولة وهي تاراوح بين  

  ن لهده الاةربار تأايرار سلبية كبيرة ولى أداء المبكة وملحقاتها.، كما أوكلرة الأارار المواودة بها المبكة
للمعالجة  إلى محطة توبلي  المادفقة  لكمية مياه الفر  الفحي  الحالي  الواع  البحث  للمبكار  يةاعرض هدا    لةاة مناطق 

 .وتحديد كمية وةةبة مياه الفر  الفحي ومياه الاةربار الأراية كل ولى  ده من اميع هده المبكار  ،(A  ،B  ،C  ،D ،E  ،F)شبكة  

كما يال اساعراض هده الكميار من المياه ولى فارار من اليمن وتوايح تأايرها ولى محطة توبلي بمكل وام وولى كمية المياه المحولة  

  إلى مياه الفر  الفحي الاير معالجة   تحويل وملية إيقا إلى رلي  توبلي من دون معالجة، كما يال الاراح الديارار الممكنة من اال 

 رلي  توبلي . 

القطاع الداص للاسالمار في هده المماريع من اال امان الامويل   باشرااولد تو لب الدراسة إلي أةي من الضروري القيام   

 اليا. كدل    الأشاااالمالية الملقاة ولى كاهل الحكومةو و هدا ما تةعى لي و ارة    الأوباء المالي لهده المماريع العاالة وكدل  لادفين  

تعاةي   الأشاااو ارة    أنو  يث  الحةاسةهده المماريع الكبيرة و  إدارةال  أمن    لاوظيفهامن الضروري القيام بالبحث ون الكوادر المؤهلة  

ةي من الضروري الاو ل لنظام مافق وليي بين الو ارار المدافة  أوالفنية في الولب الحالي. كما    امداريةمن ةقص شديد في الكوادر  

لجواةا  ا  ةرفة المياه البلدية مع مراوالاطبيق تعرفة ولى ردمة الفر  الفحي والاي يمكن  ةابها كنةبة من تع  الامريعيةوالجهار  

المرتبطة بدل  لدل     إلىتؤدي    أنمن شأةها    ابليةهده  .  اتااماوية  البلدية و تبعا  المياه  تقليل ةات  مياه الفر    إلىترشيد اساهلاا 

المالية لامايل و  ياةة  ةظام الفر  الفحي و في المقام   امدارية  الأوباءالهيدروليكية  و  الأوباءتدفين    الأريري المقام  فالفحي و

 الحفاظ ولى الحالة الفحية والبيئية لدلي  توبلي.المةاهمة في  الأرير
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الدلم  في محافظة واسط بوسط العراق  اعرض أهوار العراق . تم14.30وبمنةوب ماء      2كل  314ولى مةا ة    يقع هور 

لجملة من الاحديار أهمها الاجفين، وتنالص كمية المياه الواردة من دوا المنبع، وآاار تاير المناخ ولى الموارد المادية مما ياطلا 

باساددام إطار الاحليل هور الدلم   إلى إاراء تقييل بيئي ماكامل لالدراسة  . هدفب  العمل ةحو تطوير هده الموارد وتنمياها باسادامة

DPSIR    وآاارها ولى النظام البيئي وما يقدمي من ردمار    من ااوطالهور  ما ياعرض لي  الواع الحالي لي، وتحديد    شاملة تقييل

المو اةة المادية ولهدا الارض تل الاعر  ولى  .وولى رفاه امةةان، وتحديد الةياسار الاي تل إتدافها في تنمية موارد المياه للهور

د ةووية مياهي من رلاا تحاليل لعينار منها. بينب ةااد  الدراسة تعدد الددمار الاي يقدمها النظام البيئي لهور الدلم  للهور، وتحدي

ورفو ا    والمةاهمة في  يادة الرلعة اليراويةاراياا كلن ةقل المياهو  ، وطن من الأسماا سنويا  879  توفير ةحووالاي تاملل  

الماوي ال  2كل  157مةا ة    وتوفير  ،للموسل  لنحو  قفامن ةبار  أةي مودل  الجاموس  25000، كما  للطيور  وو  رأس من  محطة 

الماحركة في المنطقة.   لبيب الكلبان الرمليةوالمةاهمة في تلبيئة المحيطة  ا رارة    إاافة لدوره في رين الكربون، ورفضالمهاارةو  

لدمب   ة ومل وتبمر بمييد منها فيما لو تل تطويره لددمة القطاع الةيا ي.  فر    7850توفر ردمار النظام البيئي لهور الدلم   

،  من مياه الفر  اليراوي    مياه الهور، و يادة مةا اي، وسعاي الاديينيةرفع منةوب  الدراسة مقار ين هندسيين يهدفان إلى  

  .ج م م .  وتل تحديد الافميل الهندسي لكلا المقار ين وكلفة كل منهما4000والحفاظ ولى ملو ة ت تاعدم 
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دأبب دولة الكويب  ولى توفير ردمة مياه المددرب للمةدداهلكين بنووية ايدة  بالرغل من ةدرة الموارد المادية لديها، واسدداليم  

فل  ادخ اسدالمارار كبيرة واهود ماوا دلة من محطار تحلية وشدبكار مادية مايايدة وأةظمة ماعددة لمرالبة ةووية المياه. يبلغ سدعر 

ن المياه المعبأة يييد سدعرها بأادعددددددا  كليرة ون مياه المدبكة  يث يبلغ أفلس للار الوا د وبالمقارةة ف  0.23 المياه من المدبكة العامة 

المددبكة العامة بالمياه المعبأة لدم المةدداهل  يةدداليم اوابارار توا م ليماها    فين تواي اسددابداا مياه المددرب  أفلس للار.   100 سددعرها

بالرغل من تيويد دولة الكويب لقاطنيها بمياه شرب والية   واتااماوية واتلافادية لهده الظاهرة.اتلافدادية ومعرفة الجواةا الفدحية  

  الجودة وباعرفي مادةية ةةدبيا ةجد إن اسداددام المياه المعبأة بالرغل من  يادة سدعرها وودم اتوابار لجودتها منامدر بمدكل كبير وبايايد 

 مةامر، ولدا فأن هناا  ااة لمعرفة أسباب هده الظاهرة .

تعنى امدارة الماكداملدة بجميع أةواع الميداه المناجدة ولى المةدددداوم العدام، كمدا تعنى بدالاكلفدة الاي تقوم الددولدة باوفيرهدا ولى   

وتعنى الدراسدة بمعرفة أسدباب ظاهرة الاواي المايايد للمياه المعبأة وتأايرها من النا ية اتلافدادية    مةداوم الفرد بالنةدبة لددمة المياه،

تووية المواطنين والمةداهلكين للأةواع المدالفة للمياه المعبأة ومعرفة أسدباب ظاهرة الاواي   ىوالفدحية ولى الفرد. يهد  هدا البحث إل

إةمدداء اها  رلابي راص للمياه  اددرورة ىهدا ولد تو ددل البحث إلالمايايد لها واةعكاس الاكلفة اتلافددادية واتااماوية ولى الفرد. 

  توايي  مفاةع المياه المعبأة بدكر المعلومار الاالية ولى وبوار المياه، والمعبأة يعنى بمرالبة ةووية المياه المعبأة المةاوردة والمحلية
  .مفددر المياه المعبأة وةووية المعالجة المةداددمة والمةداويار المةدموح بها لمياه المدرب المعبأة لمعايير الجودة المدكورة ولى العبوة

المياه المعبأة الماوفرة في الأسددواق المحلية   شددبكة اتةارةب ياضددمن لاودة معلومار ون اميع أ ددنا   ولىاةمدداء مولع  كما يو ددى ب

ولى    أمدا .الأ ددددندا  المدالفدة  وةاداد  ارابدارار الجودة الددوريدة الاي تجريهدا الجهدار المدافددددة وأيدة تحدديرار أو معلومدار ون اودة

بدطر لناةي المياه ، واووية المواطنين بالمياه المعبأة وأارها وةووياها والاقارير الماعلقة بهامةدداوم المةدداهل  للمياه المعبئة فيو ددى ب

المحدافظدة ولى البيئدة يرمى مدلفدار الميداه  ، ووددم اسددددادددام لنيندة الميداه المعبدأة لأكلر من مرة، والمعبدأة وتكلفاهدا وتدأايرهدا ولى البيئدة

وابار المياه وأريرا يقارح ا  راءة مكوةار المياه المعبأة لبل المراء والاأكد من مكوةاتها.، ولالمعبأة البلاساي  في الأماكن المدففة لها

المعبأة من اددمن أةواع المياه المةدداددمة والمايايدة ولى مةدداوم العالل واوابار الاأايرار اتلافددادية والبيئية من اددمن الديارار  

 اعددة  في  اا الادطيط المامل لاوفير مياه المرب .  الم
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 Wadi Ma'awil catchment in Barka, Eastern Batinah, is known to be of major importance to the area and 
the nearby towns in terms of its water supply and socio-economic activities. The area population relies totally 
on groundwater as the main source for their activities. Domestic, agricultural and all other uses of water depend 
entirely on groundwater, especially in the lower or northern part of the catchment, the study area of this 
research. However, heavy reliance on groundwater has lead to its over-exploitation. The main drivers for 
groundwater over-exploitation in the catchment are population growth and expanding agricultural areas to 
meet increasing food demand. The main pressures on groundwater are increasing water demands by the 
agriculture sector and the municipal sectors, and absence of control of well abstraction. The impacts of 
groundwater over-exploitation are socially, economically, and most important environmentally. It was 
important to investigate and search for the stakeholder's responses to the issue to suggest integrated 
recommendations. 
 In this study, the water budget for the study area was reviewed and calculated. Constructing a water 
balance for the catchment is absolutely an obligation because it is the only source, to know the quantity in case 
of emergency and focus deeply on the dimensions and characteristics of the basin.  The model used is a simple 
conceptual model that calculates the storage of the basin by using an equation that adds all the input and output 
components in the catchment to show how much water is available as a surplus or a deficit.  The results indicated 
that groundwater is being depleted, and the deficit is very drastic, especially in the northern parts of the 
catchment. The groundwater storage cannot support the current consumption anymore as it is already over-
drafted due to intensive agriculture that has evolved during the past three decades without strictly imposed 
legislations. Practical recommendations were introduced in order to restore groundwater levels and salinities 
and to sustain its service for the socio-economic development of in Barka. 
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 و د الةكان يادة ودويفالل هده الندرة  تعابر الموارد المادية الطبيعية الماجددة محدودة ادا را ة في المناطق الجافة وشبي الجافة   

دوا مجلس الاعاون الدليجي بمكل راص من للة الموارد المادية الاقليدية تعاةي  و.   المحدودة  وبالاالي  يادة الطلا ولى الموارد المادية

المياه وارتفاع   الاق  مةاوموتدةى كفاءة اساددام  للمياه كعمليار الري  ليدية والاةربار وغيرها الفالد من رلاا اتساددامار المدالفة 

 م أ د  ةالفر  الفحي المعالج  يعابر إوادة اساددام مياهو.  المفرط لها وسوء ةووياها  مفادر المياه الجوفية بفعل اتسادداموتدهور  

إوادة اساددام المياه    لدا، فأن.  الفر  الفحيالأارار البيئية لمياه  في تقليل  اهمة  ةالمالطرق لاقليل اتساهلاا بالمجامعار وكدل   

لعدد كبير من مةاهلكي المياه سيةهل في تنمية المجامع وتحةين الحياة المعيمية من رلاا اتةافاع واتسافادة بكميار كافية من المياه  

تعييي إوادة  الجهار المعنية بالمياه   ولىو غير النظيفة الاي تال معالجاها لفالح المجامعار الوالعة بالقرب من مفادر اساهلاا المياه. 

وتقليل المياه    هده  اساددامإوادة  لضمان  ،  نظمة للمباةياساددام المياه الرمادية شريطة أن تكون امن الضوابط والامريعار البلدية الم

، مما سيؤدي إلى تحقيق الاوا ن بين ماطلبار الانمية )الطلا( و جل المياه الماوفرة المامللة في العرض المياه  طلاالييادة ولى  وتيرة  

 .  حطار الفر  الفحيمقلل من تكالين المعالجة بيس وفي ةفس الولب

لاحقيق الانمية المةادامة لمفادر المياه بكافة أةواوها تبد من واع إساراتيجيار مادية من رلاا واع برام  هادفة ورطط و 

من الدولة لمواطنيها وإوداد وتنفيد برام  توووية تهد  إلى الاقليل من امسرا    ةترشيدية والاأكيد ولى أةها سلعة الافادية وليةب هب

الأملل للمياه، والعمل ولى الحد من الفالد من رلاا تأهيل المبكار   اتساددامدفع ةحو  الوإوداد برام  تلقيفية ولى كافة المةاويار بهد   

تحافظ بكافة أةواوها وتطبيق أساليا الري الحديلة والحث المةامر للمةاهلكين وإ دار تمريعار ولواةين تحفظ ةووية المياه والبيئة  

  سانيا .اتالمياه الجوفية من ولى 

إوداد رطط تففيلية تكاةاب وتطوير وتوطين تقنيار تحلية المياه المالحة  (  1  الاي تو ل إليها البحث الاو يار  من أهل  و 

ترسيخ وةمر اقافة الاطوير المةامر  (  3؛  المياهمعالجة  ومل دراسار وأبحاث مةامرة في مجاا  (  2واااماوية؛    الافاديةلما لها من فوادد  

الكفاءار من رلاا توفير الوسادل والبرام  والم القدرار والمعار  ورفع  المياه وفل  لاطوير  العاملين في لطاع  المادية بين  حفيار 

إليام ومل رياةار تجميعية (  5؛  لمياه الرمادية في كافة المباةي والامجيع وليهاعمل شبكة را ة لواع لوادح وأةظمة ل(  4؛  والمعنوية

الرمادية الدوري ولى شبكار  (  6؛  للمياه  الفالد منهاالكمن  وتقليل  المياه  الفحية (  7؛  تو يل  الأدوار  لنووية  لوادح وأةظمة  واع 

اساددام    الحث ولى( 9؛ ( اتهامام بيراوة محا يل ت تاطلا اساهلاكا ماديا كليرا8؛ بالأدوار الملادمة للارشيد الماديالمناسبة والاقيد 

 . ولاميةاتهامام بالاووية ون طريق المدارس والجامعار ووسادل ام (10؛ المياه الرمادية والاقليل من ري الميرووار بالمياه العادية
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 والعمراةية اتااماوية النوا ي مدالن في ماةدداروة  تنمية وماةبمر لة  ةددلطنةببركاء وتية  مرر  ،الماادديين العقدين رلاا 

م  المياه  ولى الطلا في  ماعاظمة  يادار  و ددا باها  واليراوية  والفددناوية  الكبير اتواماد أدم  ولد.  اليراوي القطاع من  ورفددو ددا

  واسددانيافها  ومددوادي  بمددكل المياه لهده  المكلن اتسدداددام  إلى لها  الفعالة امدارة وغياب الماجددة، وغير الماجددة  جوفيةال  المياه  ولى

  امدارة  مةداوم  تقيس وشداملة ماكاملة  مؤشدرار اسداددام أهمية تبر   المعطيار هده  ادوء  وفي.  مةدامر بمدكل  مياهها  ةووية وتدهور

 ومواطن  ،تعيييها ليال القوة مواطن لاحديد أوليةو أسداسدية  كدطوة رالااي اتجاهار  وتحليل  تابع رلاا من  تمددفدي  بركاء  بوتية المادية

  للموارد الماكاملة امدارة  منهجية تطبيق مدم ولى الاعر  إلى  الدراسدددة هده بهدفو  .القرار  دددناع لبل من  إ دددلا ها ليال  الضدددعن

 الااير  اتجاهار تحليل  في المقار ة  المؤشدددرار واسددداددام فيها المادية امدارة  ومةددداوم المادي  الوادددع  وتقييل  بركاء وتية في المادية

  المعامدة  الماكاملة المادية مدارةا مؤشددرار لياسو الاحليلي  الو ددفي المنه   عابإت  وتل. الملادمة او دديارالو  سدداناااارتبا والدروج

 .بركاء وتية في المادية امدارة  مةاوم  لاقييل المؤشرار  وتحليل المنطقة لظرو   وموادماها  تطبيقها مدم لقياس DPSIR منهجية ولى

 الممكندة  البيئدة  مجداا  في  الماكداملدة  امدارة  لمفهوم  الفددددحيح  الاطبيق  واود  وددم  إلى  المؤشددددرار  تحليدل  ةاداد   أظهرر  ولدد

 بين  انةديقال وادعن ،والطلا  العرض اوابارار  ولى  ومبنية  المدم  بعيدة شداملة مادية  اسداراتيجيار واود  ودمو ،المؤسدةدي  والارتيا

  الووي ااةا في ولفددور ،الماعددة الجهار  بين  بالانةدديق تقوم  مو ده  وليا سددلطة واود مودو  العلالة  فار والقطاوار  القرار   دداةعي

  إدارة  ااةا  في  والي لفدور النااد   بينب كما  .اتسداهلاا ترشديد  ااةا  في  المجامع تووية في  فل  واةحفدار المدةي  المجامع وممداركة

  الدراسدة وتو دي  .اليراوي للقطاع  الري  لمياه تعرفة واود  وودم  اليراوي القطاع  في  المياه  اسداددام  كفاءة اةدفاض في  مامللا الطلا

 المجامع وإشدراا  الفدلة فار الجهار بين  والانةديق والانفيد للبدء ولادرة لوية تكون  بحيث  الحالية المياه  ون المةدئولة  المؤسدةدة  افعيلب

 المياه  ولى اتواماد من للاقليل  اليراوة مجاا في  المعالجة  الفددددحي  الفددددر   لمياه  القفددددوم  اتسددددافادة  ولى العملو ،الادطيط في

  في المةددددادددمدة الميداه  كميدار ون  بيداةدار  بدالأرص  المداديدة بدالموارد الماعلقدة  البيداةدار كدل تضددددل   دديلدة  بيداةدار  لداوددة  إةمدددداءو  ،الجوفيدة

م  لاكون  اليراوة   ةمدددر و ،المادية  امدارة مجاا في العاملين  الكوادر  وتطوير  تأهيلو  ،بالأمر  والمهامين  والبا لين  القرار لفدددناع  مراعا

  وادد لها الاي والأشدددجار  المحا ددديل   رع و للمياه الوفرة  الحديلة  الري  ةظل  اسددداددام  في  ومةددداةدتهل  المياروين أوسددداط في  الووي

 . ألل  مياه  وتةاهل  كبير الافادي
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 Asbestos cement pipes have been widely used around the world in many countries for many years, 
although installation of new asbestos cement water pipes has declined significantly over the past 15 years 
because of difficulties in handling, public awareness and the availability of better and inexpensive materials. 
Health effects resulting from continuous inhalation of asbestos dusts are well established and include asbestosis 
and mesothelioma, a highly characteristic lung cancer. There is a very good qualitative understanding of the 
effects of inhaled asbestos fibers and the physical characteristics of the fibers are considered to be very 
important in determining their ability to cause disease. Concern that ingested asbestos fibers could also lead to 
possible health effects has been studied in different parts of the world including laboratory studies on animals. 
The results of some of these studies have been used for comparison with the results of the case of the Jubail 
Industrial City, a major petrochemical complex located on the North Eastern shores of the Arabian Peninsula. 
 The objective of the is to investigate whether existing asbestos potable water network in Jubal Indusial 
City has any harmful impacts on the city populations in relation with the 1998 Royal Decree that prohibits the 
use of asbestos containing material all over the Kingdom of Saudi Arabia, and the supplementary Royal Decree 
issued in 2000, which orders all potable water networks operators in Saudi Arabia to schedule replacement of 
asbestos cement pipes as they complete a design service life of 25 years with an alternative material of 
construction. This study investigated the possible health effects of using asbestos cement potable water 
network in Jubail Industrial City, which is more than 25 years old by comparing the result of Jubail Industrial City 
case study with the result of different studies around the world.  
 With regard to the health impact, it has been speculated that asbestos fibers in drinking water and 
perhaps also in food, could increase the incident of cancers in population exposed over many years. The 
possibility that asbestos in potable water could cause diseases, especially cancer is a complex question, because 
the exposures are intermittent and the concentrations vary. However, epidemiological studies conducted in 
several areas with relatively high concentrations of asbestos fibers in drinking water supplies in the UK, Australia, 
USA, Canada and several European countries provide little convincing evidence of an association between 
asbestos in drinking water and induction of cancer.  
 Limited data indicate that exposure to airborne asbestos released from tap water during showers or 
humidification is negligible. Asbestos is a known human carcinogen by the inhalation route. Although well 
studied, there has been little convincing evidence of the carcinogenicity of ingested asbestos in epidemiological 
studies of populations with drinking-water supplies containing high concentrations of asbestos. Moreover, in 
extensive studies on animal species, asbestos has not consistently increased the incidence of tumors of the 
gastrointestinal tract. There is, therefore, no consistent evidence that ingested asbestos is hazardous to health. 
Based on the results of these studies and the fact that asbestos concentration in Jubail Industrial City Potable 
water is similar to that in many other countries, it is concluded that there is no significant real health risk from 
direct drinking of potable water. There could be a potential health risk due to asbestos inhalation if the potable 
water containing excessive amount of asbestos fibers is aerosolized or dries out and the residue becomes 
airborne. The quantitative extrapolation of the risk of developing these diseases to very low levels of exposure 
(orders of magnitude below levels of exposure in the population from which the standards for airborne asbestos 
have been derived) such as those that would be expected in the unlikely scenario described above, is considered 
insignificant. Therefore, the likelihood of asbestosis, lung cancer and mesothelioma, the principle hazard of 
exposure to airborne asbestos is judged no different than that in any urban city in North American or Europe. 
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مرتبطدة بدالددورة  وهي  وبيدار الأوديدة من الددهر الرابع،  تاواادد مفدددددادر الميداه الجوفيدة في  وض وادي ادددديل في رسدددد  

الهيدرولواية الوالعة تحب تأايرار مناخ البحر الأبيض الماوسدط أاناء ففدل المدااء وكدل  الأمطار الموسدمية في ففدل الربيع. وآاار 

 هددين المندارين المدالفين تايرهدا الملامح الجيومورفولوايدة المواودة في المنطقدة ملدل أرددود البحر الأ مر ومنحددر الحجدا  الددي ياجدي

شددددمدات وانوبدا. تكرار هطوا الأمطدار ولى امادداد منحددرار الحجدا  يجعدل ميداه الأمطدار تنةدددداب لااددي الميداه الجوفيدة في الطبقدار 

هطوا الأمطار غير مناظل وبكميار شدحيحة، ولكني يحدث في بعض الأولار بكميار غييرة وبمدكل ورادي يؤدي   الرسدوبية للأودية.

ن من الممكن تقويل  جل مياه الأمطار المددهرية الاي  أ. وولى اددوء الةددجلار الةددابقة لهطوا الأمطار فللمياه الجوفية إلى تادية مهمة

للقيام بالادطيط المةدداقبلي ولقد تل القيام بهدا البحث  تفددل إلى سددطح الأرض، وأن يال الحةدداب بوسددادل فنية مؤكدة للاادية الممكنة.

وتو دلب الدراسدة إلي أهل الممداكل الرديةدية الحالية   لاطبيق امدارة الماكاملة لموارد المياه في الأ واض الممدابهة لحوض وادي اديل.

ا اةدفاادا مةدامرا في مةداوم المياه الجوفية بةدبا الضدخ العمدوادي أوادحب الدراسدار أن هنافي المياه الجوفية لوادي اديلو  يث 

ولدل  فان   ،معينة تل تحديدها من رلاا ربرة المواطنين المحليين  تاركي اببار في مناطقوالدي يال في غياب اللوادح الانظيمية للةحا. 

/   3م106×    2.47هنال  تدارلار بين اببار بةدبا الةدحا المفرطو و جل المياه الجوفية المةداهلكة سدنويا في الولب الحالي يقدر بنحو  

 .% منها لري الميرووار90سنة  يضخ ما ةةباي  
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كما تةدداقبل البحيرة   ،3مليون م  17،  والي 2كل 2.85  تبلغ كمية المياه ببحيرة الفددر  الفددحي بجدة، الاي تفددل مةددا اها 

م، و 3م  25000إلى  والي   كميار من مياه الفر  الفحي والفناوي يفل  جمها تبين أن هناا ووادق تمنع ولن رمي مياه لقد  يوميا

م في البحيرة لعدم واود محطار معالجة كافية تسدايعاب مياه الفدر  الناتجة. وةظرام للادو  من اةهيار   الفدر  الناتجة ون ادة ةهاديا

ية، تقوم أماةة ادة الةددد الارابي انوب البحيرة والدي سدديارتا وليي غرق بعض أ ياء المدينة بجاةا بعض الأاددرار الفددحية والبيئ

بانفيدد وددد من الحلوا. ويهدد  البحدث الحدالي إلى مندالمدددددة الواددددع الراهن للبحيرة والحلوا الاي تنفدد بهدا وبعض الحلوا الأررم 

 المقار ة.

ولد  كل،    1.7عرض أكلر من بكل و 4البحيرة يماد لأكلر من ابين من رلاا دراسدددة الدفدددادص الفيييادية للبحيرة أن طوا ي 

شديد ولى البحيرة سددان أ دهما ترابي يقع ولى الجاةا الجنوبي من البحيرة، وسدد أسدمناي يطلق وليي الةدد ات ارا ي ويبعد ون الةدد  

م.  10الارابي  والي    الجاةا أما في ،البحر سددطح مةدداوم فوق امار  122 المددرلي الةددد في الجاةا دوامة وتبلغ ارتفاعكيلومار غربا
 الةددد اةددل كل، و جل  2.7  ىمار وطولي إل  15-10  ىمار. ويفددل ارتفاع الةددد إل  113 والي  يبلغ الدوامة فارتفاع المددماا الاربي

واود بعض أةواع الأسدددماا الملواة بالبحيرة والاي تحمل . وتبين من دراسدددة الانوع الحيوي 3مار  400,806يقارب من  القادل الارابي

وليدام بعض المواطنين والوافددين بروي امبدل والأغندام بجوار البحيرة، وتوافدد أودداد من الطيور بجوار   ،العدديدد من الطفيليدار والبكاريدا

 وولى سطح مياه البحيرة بحلام ون الاداء، وتوااد لبعض النباتار الاي تنامر في المناطق الاي تاوفر بها المياه والاي تاحمل الملو ة.

اسدامرار الوادع الحالي سديؤدي إلي اةدفاض  مار، وأن 8.85توادح هيدرولواية البحيرة أن المنةدوب الحالي للمياه بالبحيرة   

  ىفي الةدنة. ووند دراسدة رطر فيضدان بحيرة الفدر  فقد تبين أن  دوث سديل يمكن أن يؤدي إل  3مليون م  54,8مياه البحيرة بمقدار  

فقدد تبين أن معظل    وبددراسددددة الدفددددادص الفيييداديدة والكيميداديدة لميداه البحيرةغمر الةددددد الارابي بميداه البحيرة يبددو أمرام غير وارد.  

ولى فوبان العنا ددر اللقيلة،  المؤشددرار الاي تل تحليلها كاةب أولى بمياه المفددا ونها بمياه البحيرة، وأن دراة الحمواددة ت تةدداود 

م  وتبين من ةااد  العنا در اللقيلة الةدامة أن ونفدر الكروم لد أظهر تركييار مرتفعة،    .وأن النمداط الحيوي بالبحيرة يكاد يكون معدوما

تبين من تحليل رواسدا البحيرة أن ةااد    وأن تركييار اميع العنا در الفدارم والةدامة كاةب مندفضدة بمياه البحيرة ونها بالمفدا.

دراة الحموادة ت تةداود ولى فوبان العنا در اللقيلة الضدارة، واةدفاض تركيي العنا در اللقيلة الضدارة بفدفة وامة، وأن تركييار 

مأة الاي يمكن إوادة  العنا ددر الضددارة الاي تل ر دددها  ددايرة ولل تاجاو  المعايير المدكورة لوكالة  ماية البيئة الأمريكية لجودة الح

 اساددامها في اليراوة.

م تنفيد ودد من الحلوا لاجفين مياه البحيرة وهى  رفع كفاءة محطة المعالجة و يادة طالاها اتسايعابية إلى   وواد أةي يال  اليا

م بدتم من    3م  000,60 م، واتسافادة من مياه الفر  المعالجة في ممروع للأرااي الرطبة )الاابار المرلية(،   3م  000,30يوميا يوميا

وإةماء رط ةالل للادلص من فادض المياه المعالجة الاي تاجمع رلن الةد ات ارا ي، وإةماء رطين ةاللين إلى طريق الحرمين للاسافادة  

كما أتضح واود رطط للطوارئ لجميع الهيئار المعنية، ولد الار ب الدراسة ودد من الاو يار بنهاية   من المياه المعالجة في اليراوة.

تاعلق بمبكة الفر ، ومحطار معالجة الفر  الفحي، والبحيرة أاناء وبعد تجفيفها، والةد الارابي، البحث لاحةين الواع القادل  

 وكيفية اتسافادة من مياه الفر  المعالجة، و ماية البيئة المحيطة البحرية والجوفية، والمدلفار الفناوية.
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 Jubail Industrial City is located on the Arabian Gulf in the eastern part of Saudi Arabia, established to 
accommodate large number of petrochemical industries. The city is directed by the Royal commission of Jubail 
and Yanbu, and due to privatization power and water utilities were transferred to Marafiq Company. The City 
has been provided with two wastewater treatment plants: the industrial treatment plant (IWTP) and Sanitary 
treatment plant (SWTP). Both plants are designed to reuse reclaimed wastewater for irrigation or discharge to 
marshlands. Due to the rapid growth of industries and population in the Industrial City, demand forecast studies 
predict relatively large quantities of surplus treated wastewater that is more than the need of city for irrigation 
water. This research will explore the possible ways to reuse the surplus treated wastewater in the Jubail 
Industrial City, which has very limited water resources, without causing significant environmental impact to 
public health and safety. At present, this water will be discharged to the marshlands for evaporation without 
any usage. If treated adequately, reclaimed wastewater could have alternative beneficial uses.     
 The objective of this study was to use the surplus of reclaimed wastewater in proper way instead of 
discharge it to an open land and to study all available options to reuse reclaimed water, such as increasing 
irrigation usage by increasing the landscaping area, transfer it to Jubail town for irrigation usage, reuse it for 
industries for cooling purposes, or using it for recharging the aquifers. The methodology of this research adopted 
the quantification of wastewater flow based on data provided by Marafiq and the demand of irrigation water 
based on the Royal Commission data for the next years. Reclaimed wastewater quality data with respect to the 
Royal Commission standards were reviewed and analysis was made for the current reclaimed wastewater and 
the best reuse option with respect of economy, society and environment was decided. 
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 In Yemen, groundwater is considered as the main water source for drinking, domestic uses, and 
irrigation purposes.  Water lies in the core of the socio-economic development in the country. Yemen, as other 
countries in the region, is situated in an arid to semi-arid zone, which is known for its scarce rainfall and high 
evaporation rates. Pronounced differences in the topography affect climatic conditions and limit agriculture to 
areas of rainfall and groundwater availability such as the western mountains, basin areas, and wadi beds. Rainfall 
occurs only in the spring and summer seasons. Yemen’s severely scarce water resources are under increasing 
pressures from domestic, agricultural, and industrial demands, and suffers from inadequate management and 
inefficient use practices. The main drivers for increasing water demands are relatively high population growth 
rates, accelerated urbanization, and rapid economic development that have increased the pressure on 
groundwater resources, and have led to a continuous process of degradation and depletion of this resource 
endangering its long-term sustainability. Furthermore, in addition to their over-exploitation, groundwater 
resources are under many pollution threats due to wastes resulting from anthropogenic surface activities. The 
aim of the present work is to study and discuss the issue of groundwater pollution in the North-eastern well 
field, located in the Sana'a basin, of the Sana'a Water & Sanitation of Local Corporation (SWSLC) by focusing on 
the pollution causes and how to protect the field and proposed management approaches instruments to control 
it within an IWRM perspective. 
 The results showed that integration and coordination among water-related institutions are very 
important to invest in long-term water projects. Risk management systems have to be initiated and developed 
to control industrial pollution, and application of economic instruments based on the “polluter pays” principle 
to protect the environment and groundwater need to be implemented. Each institution or company (private or 
government) has to be responsible for taking the required mitigation measures. Much attention has to be 
focused on subsidizing water supply schemes to make water affordable particularly for the poor. Anyone who 
damages the environment shall be responsible for all the costs and expenses arising out of removing the 
damage, in addition to the compensation for it. Raising the level of awareness of individuals and the society at 
large in relation to the issues of environment is crucial issue. All government institutions have to coordinate to 
take all measures and arrangements to ensure the safety of the environment, pollution control, and 
conservation of natural resources.  
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Third Batch Students 

No. Student’s name Country Projects title 

1 Naji Merhaby Lebanon  امدارة الماكاملة للموارد المادية و اماةة  ق الحياة في مدينة

 بلبنان( منطقة الضل والفر (طرابلس 
2 Salah Hamad Libya Water Resources of Al Jabal Al Akhdar Region, North 

East Libya   A Review of Current Situation and Future 
IWRM Plan  

3 Ahmed Al-Saleh Kuwait   إوادة معالجاها وطرق  الملواة وكيفية  دولة   اساددامهاالمياه  في 

 الكويب 
4 Amany Mohammed Al-Ajmi  

 
Kuwait Environmental impact of Desalination Brine 

Discharge on Marine Ecosystem of Arabian Gulf 
5 Bader Akbar Jber Akbar Kuwait Wastewater Management in the State of Kuwait 
6 Meshal Saad Al-Enezi Kuwait  تو ين الدياةار الجوفية )طبقة الدمام ومجمووي الكويب( في

 دولة الكويب
7 Salah Al-Saffar Kuwait  اتسافادة القفوم من المياه المعالجة في دولة الكويب 
8 Salim Said Rashid Al-Sidairi Oman محافظار ، دراسة  الة الأمن المادي الةكاةي في سلطنة ومان

 شماا ومان
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م بحق الفحة، كما   يقوم هدا البحث ولى دراسة العلالة بين مفهوم امدارة الماكاملة للموارد المادية و ق الحياة الماعلق  اما

ويةهل في    ،يدرس من رلاا المنه  الاحليلي الو في والع مدينة طرابلس الهيدرولواي بمكل وام ومنطقة "الضل والفر " بواي راص

إيجاد الةبل الوااا إتباوها لضمان  ق الحياة لةكان تل  المنطقة. ولد سلطب الضوء ولى مفهوم هدا الحق ودرسب تطوره وبر الااريخ 

يمكن   كين  وبينب  بالمياه،  ولالاي  ووراب   لمبادئومدم  بالرفاه،  امةةان  كفالة  ق  في  امسهام  المادية  للموارد  الماكاملة  امدارة 

يها وت سيما أن الماء اروري لحياة امةةان وللفحة والبقاء ومةااج الأغدية والأةمطة الممكلار المادية لمدينة طرابلس وسبل تفاد 

ولى لةمين، تناولب في القةل الأوا بايجا  اللمحة الااريدية لمةيرة تطور  ق الحياة و وتم إلى دراسة البحث  . يمامل  اتلافادية

طاتي بأمان ورفاه الحياة، كما لدمب دراسة تحليلية لمولن المجامع الدولي من  ق الفحة  بامولن الدياةار الواعية للحق في الماء وارت

الدولية والأممية الاي ألرر أن الماء  ق أساس   واتتفالياروولالاي بالماء والفر  الفحي من رلاا تحليل القواود القاةوةية الواعية  

فقد وراب فيي ممكلار مدينة طرابلس المادية والوالع المادي   من  قوق امةةان سواء بمكل مباشر أو غير مباشر. أما القةل اللاةي،

وشر ب بالاففيل كين يمكن أن تكون امدارة الماكاملة للموارد المادية الارياق    ، قوق امةةان  تةاهاالمنطقة "الضل والفر " كنموفج  

   . سياسار غير تقليدية للحفاظ ولى الموارد المادية و ماياها اوامادالدي يؤدي إلى 

ن مفهوم امدارة الماكاملة يمكل محور الةياسار الهادفة للاوا ن بين  ماية  ق الحياة للةكان  إورلفب في ةهاية البحث إلى   

؛ إن  من المياه الجوفية والحد من تلواها وبر تةرب مياه البحر  للاساهلااو ماية الموارد المادية وبر تكامل بين تنظيل الكل المةادرج  

 قوق أكلر شموتم وردر في امولان العالمي لحقوق امةةان   تسانهاضالامة  بالحق امةةاةي في المياه هو غاية في  د فاتي ووسيلة 

م ووليي فمن الوااا تطوير  الهياكل الأساسية لاديين المياه مماركة المجامع المحلي ؛ ارورة  وفي غيره من الواادق المليمة لاةوةيا

 ياء المجلس الأولى للمياه وتكلين مجمووة من الدبراء بنقل  مؤسةيا، هناا ارورة م  ر فار الفلة.القرارا  اتدافبمدالن فئاتي في  

اور  حية ت تةمح باةرب   اوامادوإداريا وتقنيا يجا  الدليق منها.    وات اياطي ورة والعية ون اللروة المادية امساراتيجية في لبنان  

المحافظة ولى أيكولواية ، والقادمة  للأايااالمياه الجوفية بما ت ياعارض والأمن المادي    اسادراجتنظيل  ، والملواار إلى المياه الجوفية

 ترشيد مةاددمي المياه باللقافة للحفاظ والحرص ولى مفادر الماء.، والأةهار من أال توا ن البيئة الطبيعية
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 The aim of this research is to present an overview of the water resources of Al Jabal Al Akhdar (Green 
Mountain) region, located in northeast Libya, an area of unique environment with considerable vegetation cover 
from the rest of country, as it is the wettest part in the country largely due to its proximity to the Mediterranean 
and its upland character. Water resources in Al Jabal Al Akhdar area, like other areas of Libya, have not been 
adequately managed and mostly neglected, and experience large wastage and abuse.  This has led to many 
negative consequences and water-related problems, such as shortage in the quantity of water and quality 
degradation.  
 The first part of the research focused on the status of water resources of the Al Jabal Al Akhdar area, 
which were reviewed based on the available relevant literatures and inquiries from water institutions. The main 
water resources were identified and classified and their status were previewed to highlight the major issues 
regarding resources management and their sustainability. In the second part, the main constraints and 
challenges facing water resources management were highlighted, and a plan for Integrated Water Resources 
Management (IWRM) adopted from Cap-Net training manual, where the planning procedures were followed, 
starting from initiating the planning process by defining the existing drivers. A work plan was developed through 
capacity building, political commitment and stakeholder participation to establish the strategic vision which is 
the "sustainability of water resources and its utilization in an equitable and efficient manner and without 
endangering the environment", in which water management strategy and options were identified. Finally, a 
proposal for water institutional reform and organizational framework was introduced to support the developed 
IWRM Plan. 
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تعابر ممكلة الادلص من المدلفار المنيلية والفناوية سواء الفلبة منها أو الةادلة من المماكل الناتجة ون  الاطور الحضاري   

.  وت ش  أن الادلص والاي تعابر من الملواار الدطيرةالعالل. ومن أهل هده المماكل هي ممكلة الادلص من مياه الفر  الفحي    في

تقوم دولة    ،لدا  .منها بطريقة  حيحة لد أ بح ولما لادما بداتي من أال المحافظة ولى البيئة من الالوث وتوفير بيئة  حية للمجامعار

الكويب كبالي الدوا الماقدمة بانفيد ممرووار ادمة ماكاملة لاجميع هده الفضلار للادلص منها بطريقة آمني ت تضر أو تلوث البيئة 

منها   للاسافادة  وتعقيمها  معالجاها  يال  المراوة  يث  النااد   أفضل  لضمان  والمية  ومعايير  وفق شروط  .   فيوفل   ماعددة   أغراض 

الدولة ةظرا لما تةببي هده الممكلة   فيلقد كاةب ممكلة مياه الفر  الفحية بدولة الكويب دادما مواع تهامام كبار المةئولين   

الواع الحالي والمةاقبلي مدارة مياه الفر    اساعراض  ىالبحث إلهدا  يهد    البيئة البحرية.رفو ا ولى  واار بيئية رطرةو  آمن  

القفوم منها لادفين اماهاد المادي في دولة    للاسافادةالحلوا المناسبة    والاراحااي هده امدارة  الفحي وبيان أهل المماكل الاي تو

اساليم      من أةمطة مانووة و ناوية يادة الاعداد الةكاةي وما  ا ا فلالدمةينار و  ةظرا للاوسع العمراةي الةريع مند بداية  الكويب.

العمل  فل    بدأ  بالكويب وام    فيإةماء ممروع مجارم  حية ماكامل،  يث  أوا ممروع مجارم  حية  محطة   في  1971تمايل 

اافة إلى إةماء محطة تنقية  امالرلة والجهراء وفيلكا ومحطة تنقية أم الهيمان ب  فيوتبعها بعد فل  إةماء الاث محطار تنقية    ،العاراية

الفرد للمياه العدبة   اساهلاالو ظ أن معدا    والاي أاريب  ومن رلاا الدراسار  (.BOTالفليبية بدت من محطة تنقية العاراية بنظام )

 للاسافادةفي دولة الكويب من أولى المعدتر المةجلة في العالل ووليي رففب الدولة ميياةيار ادمة لمعالجة مياه الفر  الفحي  

المياه المحلاة من البحر لما في فال  من ارر بالغ ولى مياه البحر    اتساهلااالقفوم منها لادفين ااط   الملو ة   من  يادةولى 

فل شبكة الفر  الفحي يجا فى أةي  ولد تو لب الدراسة إلدا  هوملواار المدلفار الكيميادية الاي تفا ا وملية الاحلية بالاقطير .  

 .القطاع الداص في مماريع البنية الاحايةاشراا وتو ي ب ون الفناوي
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 Water use in the GCC is the product of both remarkable scarcity and remarkable development. The GCC 
has about fifth renewable water on average than the rest of the Middle East, but desalination and non-
renewable aquifers have largely closed this gap. Currently, there are about 1,490 desalination units operating in 
the Arabian Gulf countries, which account for 60% of the worldwide desalting plant capacity. The dominant 
plant type is multi-stage flash (MSF), which accounts for 87% of the desalting capacity. The MSF desalination 
process has proved to be the simplest, most reliable, and most commonly used seawater system in large 
capacities. Desalting processes are normally associated with the rejection of high concentration waste brine 
from the plant itself or from the pretreatment units as well as during the cleaning period. A major problem might 
arise however, from the additives used in the pretreatment and from corrosion products from the plant.   
 In this study thermal and brine dispersion from coastal MSF desalination plants was discussed. The very 
limited water resources in the Arab countries represent a major challenge. One of the solutions is to desalinate 
the seawater using the desalination plants. The effluents from desalination plants may adversely affect the 
water quality in its vicinity. This in turn will affect the environment and the ecosystem in the surrounding areas. 
The major concern of these impacts surrounds the outfall brine discharge because of its physical and chemical 
features. High salinity and high temperature of the discharge brine could have several negative impacts on the 
surrounding environment. The impact of salinity is more critical for RO plants due to the higher recovery rates. 
Moreover, despite GCC countries account for 60% of global desalination capacity, there are many knowledge 
gaps and uncertainties regarding the impacts of desalination projects on the marine environment. The study 
recommended: there is a need for cooperation and experience exchange between the water research centers 
in this field which will definitely lead to the optimum use of desalination plants with a minimum impact on the 
environment; experience and information exchange on different desalination techniques used in the Arab is 
very essential; and environmental Impact studies need much more regional ecotoxicological studies, where local 
species characteristics are analyzed, and their vulnerability on local effluent characteristics are assessed.  
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 As global economies continue to grow, the strain on the earth's natural resources becomes increasingly 
clear and perhaps one of the most related issues facing us today is that of water availability. Droughts, explosive 
population growth in arid regions, and the continuous view that water is an infinite resource are reasons for 
water shortages in many regions in the world. In particular, the countries located in arid and semi-arid regions, 
such as the Arab countries faces critical deficits in water supply. In response to this problem, some wastewater 
professionals are reusing treated wastewater and have found it to be a reliable alternative water source. 
Moreover, in search of new sources of water, treated wastewater is a dependable and sustainable water 
resource that can augment overall water supply significantly. Its use for agriculture is attractive for many types 
of crops. However, the development of recycled water sector in the region needs proper planning and 
investment and to be treated as an integral part of overall water resources management strategy and plans. The 
most common reasons for establishing a wastewater reuse program is to augment water supply with new water 
sources to meet increasing water demands and to find an economical ways to meet increasingly more stringent 
discharge standards.  
 The social and economic development witnessed in Kuwait over the last half century was supported 
mainly by seawater desalination. Other water resources, including brackish groundwater were also exploited. 
Currently, wastewater effluents are available and can be utilized for greenery and other acceptable purposes. 
The deliberate use of reclaimed wastewater must be in compliance with applicable rules for a beneficial purpose 
(landscape irrigation, agricultural irrigation, aesthetic uses, groundwater recharge, industrial uses, and fire 
protection). The urban effluent is the only resource which increases with time and can be treated and utilized 
within the water management plans of Kuwait. In this research, the case of two wastewater treatment plants 
(Um Al Haiman and Al-Sulaibiya) were presented thoroughly. Kuwait treated wastewater is now considered as 
a new non-conventional source of water that can be used to supplement total water resources, which consist 
mainly of groundwater and desalinated water. In Kuwait, the wastewater system consists of a collection 
network, estimated at 800 km, has a coverage of more than 98% of the country, with 5 treatment plants 
distributed over the whole urban area in the country, with a capacity estimated at 800,000 cubic meters/day. 
 The demand for water in Kuwait has been continuously increasing. In response to this, authorities aimed 
to treat and reuse domestic wastewaters to: alleviate the stress on depleting scarce groundwater, provide an 
relatively inexpensive alternative than desalinated water, reduce the environmental adverse impacts of 
desalination plants, and eliminate the dumping of wastewaters to coastal areas or terrestrial landfills. Reuse of 
wastewater effluent could both minimize the disposal of water to the environment and reduce the demand on 
fresh water supplies. Since the wastewater treatment plants are owned and operated by the Ministry of Public 
Work (MPW), continuous monitoring of the quality and characteristics of the wastewater streams at the plants 
are made by by the MPW. The MPW plans to reuse all treated effluent. In addition, the government has made 
it clear that treated sewage effluents represent a valuable water resource, especially for irrigation and should 
assist in making a significant contribution to the national policy for the beautification of Kuwait.  
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بالي دوا الدلي  وفل  لمحدودية مفدادر المياه الجوفية  كما في    تطرح الممدكلة المادية ةفةدها وبقوه وندما تاعلق بدولة الكويب 

 ارتفاعوكدل   رديس لايويد المياه البلدية،  كمفددددر   بناء محطار الاحلية الاي يعامد وليهالالعالية   الاكلفةإلى   بامادددافة ،وودم تجددها

بين  دوث ياه الجوفية في دولة الكويب يامن رلاا الدراسار الةابقة ودراسة الواع الحالي للم  الكلافة الةكاةية )بالنةبة لحجل الديان(.

بةبا سحا المياه الجوفية بمعدتر تفوق معدتر  وفل     وفي منةوب المياه الجوفية في دولة الكويبومةامر  بوط وتاير كبير ملحوظ ه

مدارة المياه  . مجمووي الكويبوفل  في طبقة الدمام وفي  المفدددر  المادي المهل مدروس  لهداالللةددحا العمددوادي غير تجددها ةايجة  

الرلمية كوسديلة يحاوا بها المهال والدارس تجةديل تفدوره للديان الجوفيو بفدورة دليقةو  الرياادية  النمافج    ماسدادداالجوفية بكفاءة يال 

 .اساداماي اي أومؤارة ولى إةااايالقرارار الاتداف ، ومن ال بعد فل  دراسة وتحليل سلوا الديان الجوفي يليةهل ولي

الرديةددي من هده الدراسددة هو الاو ددين الفيييادي لطبقار ريان الدمام ومجمووي الكويب باسدداددام ةظل المعلومار   الهد  

 ولديان الدمام ومجمووي الكويبيملل النظام الطبيعي  ةموفج رياادددي بناء الجارافيةو ليةددداكمل في مر لة لادمة هدا الاو دددين في 

ومل أكلر ى  اسدة إلل في هده الدرولد ت.  و ماياي  ة الديان وتنميايرفي أداا  لياوفر مدارة موارد المياه في دولة الكويب أداة إدارية تدومه

ة  من رريطة لدولة الكويب تملل مناسديا المياه  وسدماكة الطبقار المياه الجوفية لدولة الكويب وأماكن اببار والمناطق اليراوية والناللي 

 .لكل من مجمووي الكويب وطبقة الدمام
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، فليس لديها من مفادر المياه الطبيعية إت المياه  ن  يث  الموارد المادية الطبيعيةدولة الكويب من أفقر الدوا في العالل متعابر   

وولى  .  كما أةها تقع في منطقة  حراوية تؤدي الظرو  المنارية فيها إلى  يادة معدتر الفالد في الماء بالابدرالمادلة للملو ة،  الجوفية  

الرغل من هدا فان المياه الجوفية تاعرض للاسانيا  ةايجة اساددامها في الأغراض اليراوية والفناوية فضلام ون الأةمطة البمرية 

لانقية مياه    ،المدالفة الانموية محطار ودة  الكويب امن رطاها  دولة  أةمأر  لدل   الةكان.  تيايد ودد  تايايد بمكل مطرد مع  والاي 

ويال العمل ولى توسعة   (،محطة تنقية الرلة وأم الهيمان والجهراء والفليبية وكبد والديران) الفر  الفحي في مناطق مدالفة منها  

إت    أ د البدادل غير الاقليدية للموارد المادية المةاددمة في دولة الكويب. اليا  اتسافادة من المياه المعالجة  ب   يث أ بح  ،كل منها  اليا

اساددام المياه المعالجة يحدها الدو  والاحفظ من الجاةا المروي والنفةي وند المجامع الكوياي باماافة  في  أن الرغبة في الاوسع  

م بأةي ت يواد تمريع ولى شكل لاةون كامل ومليم أو تدحة تنفيدية تنظل ومل منظومة الفر  الفحي و  إلى الجاةا الفحي والبيئي ولما

 . عامة للبيئة، والداص باةماء الهيئة ال1995( لةنة  21وهو القاةون رلل )  إت في بعض مواد اللادحة الانفيدية لقاةون الهيئة العامة للبيئة

من المياه المعالجة في    القفوم  اتسافادةالهد  من هده الدراسة هو تحقيق    م.  2001دحة الانفيدية لهدا القاةون في وام  ولد تل اواماد اللا

 المادية للدولة.  الموا ةةدولة الكويب وإدرااها كمفدر مادي في 

م  تت  بمكل وام،    الاي تناجها محطار الفر  الفحي في دولة الكويب   –واد أارار  حية من اساددام المياه المعالجة الاايا

واللمريار  – الدضروار  من  الميرووار  إةااج  وليها،    ،في  المنفوص  البيئية  والضوابط  المعايير  تعامد  امةااج  أساليا  كاةب  إفا 

أن المياه المعالجة الرباوية أكلر سلامة وبعدام ون الأرطار فش     لابفا،  لمياه المعالجة الاايا لهد  والظرو  الفحية المناسبة. وإفا كان

 امسلامية . وبناءام ولى فاوم و ارة الأولا  والمئون  ، أت وهي الاحليةقيةنإلى دراة ماقدمة من الاهده المياه  تدضع   يث  ،  الفحية

م م ا  7/1/1996المؤررة في    95هد/15رلل   وبناءام ولى مطابقة موا فار المياه المعالجة    ،لاي تنص ولى طهارة المياه المعالجة الاايا

م المناجة في محطار الانقية الاابعة لو ارة الأشااا العامة في دولة الكويب للمعايير المطلوبة الدا ة بالهيئار العالمية للبي  ئة بمأن الاايا

  اساددام هده المياه  . هدا ولد تو لب الدراسة إلي إمكاةيةبلا ليود، فأن هده المياه المعالجة رباويا يمكن إوادة اساددامها  إوادة اساددامها

الاالية المجاتر  الفحراوية   في  المناطق  في  الدضراء  الرلعة  الافحر و يادة  الرياحاابار  ال راوة  و  مكافحة   راوة  ؛  ومفدار 

و  الأولا  والورود  والنديل  للدضروار  الحقلية  وغيرهاواليراوة  الاجميلية  الأسطح؛  اليراوار  الموارع، للمبا  غةيل  غةيل  ةي، 

النفط وغيرهاالةيارار الانقيا ون  الدا ة بأوماا  المعدار  للبلد؛  ، غةيل  الابريد  ؛   قنها في الأرض كمديون اساراتيجي  ومليار 

( ون طريق  وغيرها؛  (Chillersللمباةي  البلطي  اسماا  العادلية، وللارفيي  ؛  ميارع  المنايهار  في  الفايرة  للمراكا  بحيرار  ومل 

والبناء بدا المياه    امةماءارفي    اساعماا المياه المعالجة؛  تادية المحميار الطبيعية للطيور والحيواةار البرية؛  ملاوا الجولنوالنوافير،  

   الورق(. –الألمنيوم  –الحديد ) اساعماا المياه المعالجة للفناوار المدالفة؛ المناجة من البحر
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 محافظات شمال عمان، دراسة حالة الأمن المائي السكاني في سلطنة عمان

 

Salim Said Rashid Al-Sidairi  
Oman 

Sadairi222@hotmail.commail: -e 
 

 
Supervised by 
Prof. Waleed AlZubari and Dr. Alaa El-Sadek 

 
 

 

الأمن المادي الةكاةي أو البلدي ات اياطي أو المديون اتساراتيجي المادي لدولة ما في  اا تولن محطار الاحلية ون  بيقفد   

ويال لياس هدا ات اياطي بعدد الةاوار أو الأيام الاي يمكن فيها    .العمل وودم لدرتها ولى إةااج المياه لايويد الةكان لأي سبا كان

اسامرار تيويد الةكان بات ايااار المادية الرديةية الماعلقة بأغراض المرب والنظافة )دون الكماليار ( في  اا  دوث هدا الدلل في 

ةي باماافة إلى للة مواردها المادية فقد تعراب رلاا الةنوار المااية لأةواء منارية وما أوبالنةبة لةلطنة ومان ف.  محطار الاحلية

عرض لها الةلطنة ملل توالي الأوا ير المدارية والمد الأ مر الاي تؤدي إلى تولن محطار الاحلية  الب الظواهر غير الطبيعية الاي تا 

المياه للةكان وكدل  الأةمطة الأررم الفناوية والةيا ية.   في هده الدراسةو تل دراسة كيفية تحقيق الأمن   المفدر الرديةي لاوفير 

من أولويار الدوا هو  المادي الةكاةي في سلطنة ومان. ولد تو لب الدراسة إلي أن الأمن المادي للةكان من رلاا توفير مياه المرب  

سامرار  ت تاولن ةظرا تلها أن  الجهود ينباي  هده  إت أن    .وبدلب سلطنة ومان اهودا ابارة في هدا الةبيل  ،لمواطنيها والمقيمين وليها

موارد الماديةو وإفا لل تبدا الجهود في الولب الحالي سيكون القادم أ عا  ادة الةكاةية وهي ساقود إلى ارورة إتباع إدارة ايدة للاليي

في المقام الأوا بأهمية العمل ولى  يادة تديين المياه ويأتي لبل فل  العمل ولى  يادة الموارد المادية الدراسة    . وتو يوأكلر كلفة

أهل ركاديها إ دم  المحلاة  المياه  لاكلف.  والاي أ بحب  المحلاة  وةظرا  المياه  الاركيي ولى تطوير  الدراسة بضرورة  تو ي  العالية  ة 

وكدل  ارورة واع أو تدريبها في هدا المجاا،  اباعاث لدراسة ةظل تحلية المياه  لدرار العاملين في مجاا الاحلية سواء ون طريق  

ام ولى الألل  ةا الموارد المالية الاي يمكن أي  5أيام أو    10الأسس وتوفير الموارد المالية لاديين كميار مياه إاافية بما يكفي لمدة  

إشراا المجامع في  ، وبالأرص مبدأ  امدارة الماكاملة للموارد الماديةمبادئ  الأهمية العمل ولى تفعيل  كما اةي من  توفيرها لهدا الارض.  

تحمل مةؤولياي والمةاهمة في اهود الدولة بييادة تديين المياه في وقاراتهل والعمل ولى الارشيد را ة رلاا الأ مار والكوارث 

 الطبيعية الاي تمر بها الةلطنة.
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Fourth Batch Students 
No. Name Country Project Title 

1 Emad Hallaq Bahrain Evaluating the Problem of Non-Revenue Water (NRW) in the 
Kingdom of Bahrain 

2 Rasha Hosny Egypt Impacts of Grand Ethiopian Renaissance Dam on the Blue Nile in 
the light of Aswan High Dam Impacts 

3 Essa Bu Hamad Kuwait Evaluation of Barley Sprouts Performance in Quaternary treated 
sewage water and different salinity levels 

4 Mohamed Zaidan Libya   تقييل موارد المياه الةطحية شماا الجبل الأرضر باساددام ةظل المعلومار

 الجارافية 
5 Ahmed Abd alsaleh Libya شحار، منطقة في المادية للموارد الماكاملة للإدارة الحالي الواع تقييل 

 ليبيا 
6 Najat AlMesmari Libya جبل بال  وادي الكو  لحوض امدارة المجامعية للاابار والمةالط المادية

 دراسة  الة ، ، ليبياالأرضر
7 Hadil Faidy Palestine The Impacts of the Separation Israeli Wall on Water Resources in 

Palestine 
8 Bahira Rasras Palestine Linking Financial System and Water Resources Management in 

Hebron City, Palestine, Using GIS 
9 Abdullah Bu 

Tuwaibah 
Saudi 
Arabia 

المياه غير الاقليدية في أغراض الري وتأايرها ولى محاوم  إوادة اساددام 

الاربة من العنا ر الادادية الضرورية الكبرم في ةطاق ممروع هيئة الري  

 والفر  بالأ ةاء، المملكة العربية الةعودية  
10 Hesham 

AbdulMohsen 
Saudi 
Arabia 

تقييل امساراتيجية الماكاملة مدارة مفادر المياه غير الاقليدية بهيئة الري  

 والفر  بالأ ةاء
11 Ataka Zabarah Yemen  البةاتين في /   الماكاملة لموارد المياه في الحفاظ ولى ةظل المقاشل امدارةدور

 ، اليمن مدينة  نعاء القديمة
12 Alia Al Otoum 

 
Jordan Management of Groundwater Resources in Abu Dhabi Emirate, Al-

Ain Area Case Study 
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Evaluating the Problem of Non-Revenue Water (NRW) in the Kingdom of Bahrain 
 

Emad Hallaq 
Ministry of Works, Bahrain 
e-mail: emadhallaq@gmail.com 

 
 

Supervised by 
Prof. Waleed AlZubari 

  
 
The Kingdom of Bahrain is a small island in the Arabian Gulf which used to depend on natural ground water to 
supply water to its population. Rapid increase in population has led the government to build desalination plants 
to meet the increase in urban water demands. Resorting to desalination have increased energy demands, led to 
negative environmental impacts, and have raised the financial burden on the government.  The Government 
has two choices to lower the demand and its associated costs: 1) Implementing demand management measures 
to reduce household consumption to a reasonable level; and 2) Reducing non-revenue water (NRW) to an 
acceptable international level. These interventions are more cost-effective than the continuation of building 
desalination plants. The latter option requires investigating NRW in terms of levels, means of reduction, benefits 
and programs, and is the objective of this research. 
 
Currently (2009), the Kingdom has a high percentage of NRW reaching 39% with leakage representing 28% 
compared to the World Bank recommendation of lower than 25%. A budget of 5.2M BD/year for a period of 4 
years is required to replace the old network and to reduce the level of NRW slowly to the international 
standards. This will have the benefit of delaying the decision of building a new desalination plant in the Kingdom. 
Proper water management should result in bringing the water of the highest quality at the minimum cost, and 
reducing the water loss due to leakage should be one of the cost minimizing targets and should be prioritized. 
Establishing a leak control program is a must for managers and decision makers, which include field testing 
program for leak detection and reducing water pressure in the network to reduce leakage percentages. 
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Impacts of Grand Ethiopian Renaissance Dam on the Blue Nile in the light of Aswan High Dam Impacts 
 

Rasha Hosny 
Ministry of Water Resources and Irrigation, Egypt 
e-mail: rasha_h4@yahoo.com 

 
 

Supervised by 
Dr. Alaa El-Sadek and Dr. Abdelhadi 
Abdelwahab 

 
 

 
The River Nile is the longest river in the world.  The total area of the Nile basin is about 2.9 million km2, and the 
river traverses eleven African countries. It is unique among the large exotic rivers of the world in that today it 
flows for almost 2700 km through the Sahara Desert without any significant tributary inputs.  
 
The needs of water resource management and flood control strategy of the twentieth century witnessed the 
development of major river impoundments in the basin. Aswan High Dam (AHD) is considered one of the largest 
water infrastructures in this period. After the construction of AHD, the trap of sedimentation in the upstream 
portion of the Dam has resulted in significant alteration and changes in the downstream reach. These changes 
occur in several areas, such as: Bank stability and bank erosion, sedimentation, environmental effect, coastal 
zone, Morphology, and flow pattern.  
 
The Blue Nile originates from Lake Tana on the Ethiopian Plateau; a region of high summer rainfall at about 1800 
m above sea level with annual inflow of the Blue Nile is about 50 BCM, Suspended sediment inflow 140 M ton 
and suspended transport yield of 480 t/km2/yr for the Blue Nile a above El-Deim Station. 
Ethiopia now is trying to build a lot of dams on the Blue Nile, without taking into consideration the effect of 
these dams on the downstream reach, especially on Sudan. Impact of the Grand Ethiopian Renaissance Dam will 
be studied, as a case study of these dams, in the light of the impacts of AHD on Egypt using the previous studies 
which have been conducted in these areas and evaluate the impact of any proposed similar water infrastructure 
on the downstream reach. Reservoir sedimentation has been selected as an example of these impacts, and its 
possible impact on downstream reach (on Sudan).   
 
Eizeldin (2012) stated that the reservoir trap efficiency and reservoir useful time can be determined using both 
Nile reservoirs capacity inflow ratio;   For example (Renaissance Dam Reservoir) the initial volume of the 
reservoir (Co) = 74km3, average annual inflow of water (I) = 50 BCM, inlet sediment (Qsin) = 280 Mt\year, and 
appropriate average value for the sedimentation factor (β) = 0.035 (0.015 to 0.056); the Expected trap 
efficiency (TE) is equal 97% at the beginning of the operation.  
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Evaluation of Barley Sprouts Performance in Quaternary treated sewage water and different salinity levels 
 

Essa Bu Hamad  
Public Authority of Agricultural Affaires and Fish 
Resources, Kuwait 
e-mail: dna_boy490@hotmail.com 

 
Supervised by 
Dr. Alaa El-Sadek, Prof. Ahmed Ali Salih and 
Prof. Waleed AlZubari 

  
 

Arid and semi-arid regions facing scarcity in fresh water resources, digging illegal well leads to degradation in 
water quality of groundwater to high content of dissolved salts, using alternative source of water like treated 
sewage water at quaternary stage is ideal for fodder production in which consume large amount of water to 
during the season. Barley crop (Hordeum vulgare L.) is popular as a forage in the Gulf Cooperation Council 
Countries. An experiment was conducted at a room temperature and humidity average of 65% using complete 
randomized block design with three replicates to evaluate yield, water use efficiency, water use, dry matter 
content, germination percent and nutritive value irrigated with quaternary treated sewage water and different 
levels of NaCl concentration solution under soilless cultivation methods. High grade of commercial Barley seeds 
with 95 germination percent were soaked in 20% house bleach to disinfect the seeds from germs, then sown 
with rate of 4.57 kg/m2 in trays. Barley seeds were irrigated daily with quaternary treated sewage water(T1) or, 
tap water as a control (T2), NaCl solution with TDS of 3000 ppm, 6000 ppm, 9000 ppm, and 12000 ppm (T3, T4, 
T5, and T6 respectively). Experiment was terminated at the ninth day to collect data of water use, water use 
efficiency, plant height, dry matter and nutrition value. Result shows that using quaternary treated sewage 
water to irrigate Barley sprouts have no significant difference in yield with tap water or 3000 ppm NaCl solution, 
and the yield noticed to be decreased affected by increase the salinity in the water. Quality of the fodder 
irrigated with quaternary sewage water has no big differences withother treatment. Producing commercially 
fodder for livestock using quaternary treated sewage water in soilless cultivation method increases the water 
use efficiency through the year.    
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 تقييم موارد المياه السطحية شمال الجبل الأخضر باستخدام نظم المعلومات الجغرافية
Mohamed Zaidan  
Libya 
e-mail: m.zaidan.17.feb@gmail.com 

 
Supervised by 
Dr. Alaa El-Sadek and Prof. Waleed AlZubari 

 

 

 
 .الموسمية للمياه الةطحية رديةي مفدر وتملل ليبيا شرق شماا الوالعة الأرضر الجبل  أ واض  دراسة  شبكة  إلي  يهد  هدا البحث

 ون اتسامعارو الجارافية  المعلومار ةظل تقنيار باساددام والمكاةية المورفومارية الدفادص أساس ولى  الأ واض دراسة تمب
باساددام  ات واض لمناطق فوماريةوالمور المكاةية الدفادص احليلب ( وفل ASTER) اترتفاوار الرلمية ةموفج اساددام، وبعد

 مادية مةالط رمةةتحديد   وتل.   الرلمية ةموفج اترتفاوار معالجة ارضب(  WMSوبرةام  ات واض الةاكبة )(ARCGIS) برةام 
 شمات.  اتجهنا كلما الميل وييداد  القيمة فى  يث يانالص ارتفاوها  ،(و العربية)الكو  وبالعارضو المملوحو المهبوا

 

  يادة ليماها مع الرتا تعداد  فى ةقص  اظهر الديو  (Strahler)  ساراهلر تفنين إلى اسانادا ،المورفومارم الاحليل إاراؤه تل
 الاكاوةية ولى الجيولوايا العالية القيل تدا  يث ،بعدها الاي  الرتبة  إلى  رتبة من ليماها فى ماماال ةقص  تظهر الاي  الامعا وةةبة
 هو المادية للمةالط شكل الرب وكان ،مدالن ريااية بمعادتر المادية المةالط إشكاا ةدراس  تلكما  ..ات واض بمنطقة العالية
المادية  بالمةالط مقارةة الحاد الميل فو المادي المةقط ماودا  المادية المةالط لكل ماةاوية تقريبا تفرين كلافةمع  البيضاوي   المكل

 اةدفاض ولى دات ليل مندفظة اتراى العلوي الادفق طواظهر  وأ .رمن تفرين ككلافة الافرين كلافار نفب    . كدل ،الأررم
 .الاضاريس

 

، إت اةي فى ظرو  بعض الدراسار الةابقة  والمحدودةاتساعاةة ب  تل  ، فقد وةظرا تهامام العديد من المؤسةار في ليبيا بهدا المواوع

 فاد    فة في فدامال  ارمؤسةلكما تل الاراح سيناريو ل.  ليةب سهلة  منها  وملية الحفوا ولى البياةار  فقد كاةبودم الاكامل بينها  

ساالاا اتمفهوم امدارة الماكاملة للموارد المادية من اال  ا لالانمية وفقالاي توااي إمكاةية اتسالمار و   المعولارالمياه لموااهة الاحديار و

 . هده اللروارلالأملل 
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 ليبيا  شحات، منطقة في المائية للموارد المتكاملة للإدارة الحالي الوضع تقييم
 

Ahmed Abd alsaleh 
Libya 
e-mail: ahwas85@yahoo.com 

 
Supervised by 
Prof. Waleed AlZubari Dr. and Alaa El-Sadek  

 

 
 

م  ةموام  المااية الأربعة العقود رلاا شحار منطقة شهدر   يث   ,المرب مياه إمداد منظومار إةماء شمل  اةيروم تطور  ا بة سكاةيا

 غير المفادر إلى لجؤال تل فقد المياه ولى يدياالما للطلا وةايجة .الجوفية  المياه مفادر  ولى لريا ولب إلى معظمها في اوامدر

 أن إت البلدي للقطاع المادي ات اياج معدا  بكلير تفوق الاي المياه كمية من بالرغل ولكن .ات ايااار هده لةد المحلاة كالمياه الاقليدية

 أو شروط واع دون من الجوفية اببار وتدفيص للمياه الرشيد غير اتساهلاا  اوء في بالحرج و في يمكن للمياه الحالي الواع

 .وليها ليود

م  ةياالعمر الاطور شمل كما  ,والبيئة العامة الفحة   ماية لارض  الفحي  الفر  مياه من والادلص ومعالجة لاجميع منظومار أيضا

 إليها تطرق  الاي الاةاؤتر  بعض يضع  مما ،  وملها مباشرة من لريا ولب   بعد الادةي إلى وآلب المطلوب بالمةاوم  تكن لل أةها إت

 .امةةاةية الأةمطة ةايجة بالالوث الجوفية المياه تأار ون مدافر بمكل البحث

 

 الأوااع تحليل وكدل  ,البلدي القطاع في  واسادداماتها المياه لمفادر الحالي المادي الواع ولى الضوء تةليط إلى سةراالد هده هدفب

 بمكل المياه مفادر إدارة في تةاهل أن شأةها  من الاي الحلوا بعض حاوالار  تو يار  وواع ,المادية امدارة مةاوم وتقييل  المادية

م  مةادام  الموارد  الة ون  البياةار تجميع ولى ةراسالد ركير فقد  الأهدا  هده احقيقلو.   المادية للموارد  الماكاملة امدارة  لمفهوم وفقا

 امدارة مةاوم تقييل تل كما ، البلدي القطاع في  المادية الموا ةة وومل المةاالة المادية الموارد وتقييل تحديد تل  يث المنطقة، في المادية

 الماكاملة امدارة تقييل ةات  منو  .شحار منطقة في المادية امدارة مةاوم مدم تعكس الاي الرديةية ارر المؤش  بعض بأتباع وفل  المادية

 واود وكدل  ,فنية تكون أن لبل الأساس في إدارية مماكل هي المنطقة  في بالمياه الماعلقة المماكل معظل أن اتضح فقد المادية للموارد

 الةياسار اميع تممل ملادمة تمكينية بيئة تهيئة رلاا من ليبيا في المياه لقطاع المامل ام لاح يجا لدل  ،المادية الامريعار في رلل

 رار.الق  اتداف في المفلحة أ حاب ومماركة مماركاها وتمكين  بياةار  لاودة لعمل المادية المؤسةار دور تفعيل  مع المادية والامريعار 
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 دراسة حالة ، ، ليبياالأخضرجبل بال  وادي الكوف  لحوض الإدارة المجتمعية للغابات والمساقط المائية
 

Najat AlMesmari 
Libya 
e-mail: najat1570@hotmail.com 

 
Supervised by 
Prof. Waleed AlZubari and Dr. and Walid Saleh  

 

 
 

 والاي ليبيا، شرق شماا  الأرضر،  الجبل  في النباتي الاطاء كلافة ولى يؤار الدي المادية للموارد هناالر  الواع  تقييل إلى البحث هد 

م  غنية تعابر  العديد في الةطحية المياه وتاجمع البلاد، وموم ون الأمطار  لهطوا معدتر بأولى تحظى  يث المادية مواردها في ةةبيا

 للمماكل الحلوا بعض  وواع لبيئاي، ممللة كمنطقة الأرضر الجبل منافن في الوالع الكو   وادي  وض د رِس   .الموسمية الأودية من

 الاي للإدارة المةاقبلية  الرؤية تطوير إلى باماافة الطبيعي، النباتي الاطاء ولى واةعكاساتها الاقليدية المادية الموارد بادارة  المرتبطة

 .المدالفة الةطحية المياه  فاد تقنيار رلاا من   المةادام اتساددام لدول الةطحية للمياه الةليل اتسالمار إمكاةية تعي  أن شأةها من

 المنيلية ات ايااار تلبية في المةاددمة  للاابار المادية المةاجمعار أن  بالرغل (Forested catchment) المياه من كبيرة كميار توفر

 فقد لدا . الهامة الطبيعية الموارد كأ د يعامل لل المورد هدا أن إت  بالاابار، اودتها  ورا ة توافرها ياأار والاي والفناوية، ويةاوالير

 تقديل وتل .المجامعية امدارة ولى معامدام  الطبيعية الموارد هده ولى للحفاظ المنطقة في وتكاملا شموت أكلر إدارة ةظام اساددام الارح

م وفق المفلحة، أ حاب مماركة شاملام  تففيلي بمكل المؤسةي امطار  . المادية للموارد الماكاملة امدارة لنظام ا

 

 تفعيل و المحلي، والمجامع   IWRM الحمى إدارة وةظام  HIMA . المؤسةي المةاوم ولى رراالقد تنمية بضرورة البحث وأو ى

 لكل المماركة أساس ولى المادية للموارد الماكاملة امدارة ومنه  الحمى مفهوم ةظام باتباع للمجامع البيئي الووي و يادة ، أةالمر دور

 ةظل ملل القرار  اتداف أدوار لدول الماقدمة الاكنولوايا باساددام البحثأو ى كما.  المةادامة  الانمية تحقيق أال  من  المفلحة أ حاب

 GIS .بعد ون تسامعاراو  فيةراالجا المعلومار
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The Impacts of the Separation Israeli Wall on Water Resources in Palestine 
 

Hadil Faidy  
Palestinian Water Authority, Palestine 
e-mail: hadeel_faidi@yahoo.com 

 
 

Supervised by 
Prof. Waleed AlZubari 

 
 
The physical construction of the Separation Wall is new, but the philosophy or purpose behind the Wall is not. 
The Wall’s first phase has a multidimensional impact which works to ensure Israeli domination over natural 
resources; both water and land. The overarching category that highlights the significance of water in the first 
phase is twofold. First, the location of the Wall’s first phase and its path above the best Palestinian potential 
abstraction areas of the Western Aquifer reflects Israel’s goal to complete its control over the richest 
groundwater sources in Palestine. Second, as water is crucial to a sustainable  future Palestinian state, Israel’s 
overall control on water resources consistent with its water policies will lead to further impoverishment, 
landlessness and existential and national threat to Palestine. 
 
The erection of this wall causes great negative impacts that have strategic dimensions on the Palestinians. The 
erection of this wall will isolate some of the Palestinian rural communities from the West Bank thus becoming 
in completely isolated areas, and the entering and exit to and from these areas will be extremely difficult, and 
also caused to the cutting of large areas from the agricultural lands, thus preventing its owners from entering to 
their lands in addition also to the Israelis control on so many wells that are being utilized for domestic and 
agricultural purposes. As a whole, we can say that this wall has negatively affect the social, economic, and 
political situations, cause the Israelis control on the Palestinian water resources and the agricultural lands 
creates big and serious obstacles that makes it hard for the Palestinians to manage their water resources and 
denying the right of the Palestinians to utilize their natural resources which will negatively influence the whole 
Palestinian life. There is no real-time data that shows the actual impact of Wall construction on surface water in 
the West Bank. However, it is highly expected that the distribution of the surface runoff on the watersheds will 
be disturbed and consequently changed. In depth investigations are needed to evaluate how, how much, and 
where the water resources of Palestine are impacted. Water quality is also expected to be affected as a result 
of active and prolonged vehicles movement in addition to surface soil disturbance. Field studies and researches 
are highly needed at this stage to assess the real impact of the Wall on the water resources. So here we start to 
focus on studying on these impacts. 
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Linking Financial System and Water Resources Management in Hebron City, Palestine, Using GIS 
 

Bahira Rasras  
Hebron Municipality, Palestine 
e-mail: bahirarasras@hotmail.com 

 
Supervised by 
Prof. Waleed AlZubari 

 
 
Geographical Information System (GIS) has been utilized as a useful tool for improving the processes and 
effectiveness of the water distribution management in Hebron city, which suffers from water scarcity, especially 
during summer season. The objective of the study is to establish a link between the financial system and the 
water supply management system in the city.  The water distribution network have been automated in a GIS 
environment, divided into service zones, and is used to analyze all available municipal water supply data to 
determine some useful parameters and to develop a number of indicators that can be utilized in the analysis of 
the water distribution network and to help improving water distribution. These included linkage between 
consumption derived from billing system with property size and service zone, which can help in determining the 
level of water distribution management in Hebron Municipality and find the best way to improve the processes 
of water distribution management, such as service zone for best network, distribution-maintenance and fees 
collection. The indicators that have been used are: population, number and use of units, number of 
subscriptions, number and capacities of domestic wells, and length of water pipe lines in each pressure zone. 
The study recommends the installation of a number of water networks and encouraging citizens to subscribe to 
the municipalities water supply service. It is also recommended that citizens are encouraged to build collecting 
wells or install tanks for water harvesting and zones including high water consumers such as hotels and 
industries are separated from other domestic subscribers. 
 
 
 
 
 

mailto:bahirarasras@hotmail.com
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إعادة استخدام المياه غير التقليدية في أغراض الري وتأثيرها على محتوى التربة من العناصر الغذائية الضرورية الكبرى في نطاق 

 مشروع هيئة الري والصرف بالأحساء، المملكة العربية السعودية
 

Abdullah Bu Tuwaibah 
Saudi Arabia 
e-mail: abutwibah@gmail.com 

 
Supervised by 
Dr. Alaa El-Sadek and Prof. Ahmed Ali Salih 

 

 
 

( في ةوويار المياه المدالفة )مياه اوفية ،  ر   حي معال  الاايا ، N.P.Kتهد  هده الدراسة الى تقدير تركيي العنا ر الكبرم )

مدلوطة )اوفية +  ر   حي معال  الاايا +  ر   راوي(( والمةاددمة في الري بممروع هيئة الري والفر  وتقدير القدرة 

سل( في مناطق الدراسة وولالة فل    90-60،    60-  30،    30-0اممدادية للاربة اليراوية من هده العنا ر في اوماق مدالفة         )

( في المفادر المدالفة والاي تضا  مع كميار مياه الري والمواودة بالاربة القابلة مفادة N.P.Kبكميار العنا ر المادية الكبرم )

 ايااار للمحفوا بالاو ية النبار ومقارةاها مع ات ايااار الةمادية لمحفوا النديل وتحديد كفاية أو ودم كفاية هده الكميار لةد ات

كيلوارام ةيارواين ولى الاث    5الةمادية الاي تناهجها ادارة اترشاد اليراوي بممروع هيئة الري والفر  والاي تاملل في ااافة )

لكل  كيلو ارام سماد وضوي 75كيلوارام بوتاسيوم ولى الاث دفعار بااافة   3.5كيلو ارام فوسفور ولى دفعاين ، و  3دفعار ، و 

ةدلة وند الري بمياه اوفية( للدروج باو ية سمادية تالاءم مع النااد  الماحفل وليها وأارها ولى الم يارع من  يث الجدوم اتلافادية 

 والمحافظة ولى البيئة.

( في ةوويار المياه المةاددمة في الري )المياه المدلوطة ومياه  N.P.Kوبينب النااد  ان تقديرار الاراكيي للعنا ر الادادية الكبرم )

(( بالنةبة mg/l( )5.0،  11.3،  13.52مرار( ونها في المياه الجوفية( وهي تاراوح بين ))  3-2الفر  الفحي المعال  تييد بمقدار )

( 11.5،  28.0،  26.0(( وليل البوتاسيوم هي ))mg/l( )3.0،  7.4،  11.0لنيارواين ولى الاوالي كما ان تراكيي ليل الفةفور هي ))

(mg/l .وهده القيل تعابر في الحدود اتمنة تساددامها في اغراض الري اليراوي )) 

( في الارب المروية بمفادر المياه المدالفة تكون اكبر في الطبقة الةطحية وتقل كلما N.P.Kكما ان تراكيي العنا ر المادية الكبرم )

 N( )mg/kg(( ))11.8،7.3  ،5.5  (P( )mg/kg (( ))15.6)  16.0،  21.3،  28.31 اد العمق وفق اتتي الارب المروية بمياه اوفية ))

،11.4  ،9.8  (K( )mg/kg((  الارب المروية بمياه  ر   حي معال ، ))30.9،  40.1،  62.3 (N( ))mg/kg(( ، ))27.5  ،21.2 

،15.0  (P( )mg/kg(( ، ))27.0  ،18.0  ،12.4  (K( )mg/kg(( المروية بمياه مدلوطة الارب   ، ))65.0    ،38.5    ،22.3  (N  )

(mg/kg(( ، ))19.8  ،14.9   ،11.9 (P( )mg/kg(( ، ))22.0  ،17.3  ،11.8( )K( )mg/kg .)) 

ال ميارع في  و ةا الاو ية الةمادية لمحفوا النديل الاي تناهجها ادارة اترشاد اليراوي فان كمية الةماد المعدةي الاي يضيفها 

ريال(. وبناء  ولى النااد  الماحفل    3690كجل( بقيمة مالية )  1107الهكاار الوا د لكل موسل ةمو وند اساددام مياه اوفية في الري تبلغ )

الاقليل من ااافة اتسمدة المعدةية )النيارواين والفةفور( واتسااناء ون ااافة ونفر البوتاسيوم الى الاربة وند اساددام  وليي يمكن  

مفادر المياه غير الاقليدية. فان الم يارع الدي يةاددم مياه ري مدلوطة يحااج ان يضين في الهكاار الوا د لكل موسل ةمو كمية من 

ريال( وبالاالي ةةبة ما يضيفي الم يارع من الةماد المعدةي وند الري بمياه مدلوطة   1425كجل( بقيمة مالية )  303.5)الةماد المعدةي تبلغ  

%( من القيمة المالية ، وال ميارع الدي يةاددم في الري    61%( من الكمية الاي تضا  وند اساددام مياه اوفية في الري ليوفر )  27.4)

ريال(   1710كجل( بقيمة مالية )  461يحااج ان يضين سماد معدةي في الهكاار الوا د لكل موسل ةمو )   مياه  ر   حي معال  الاايا

%( من الكمية الاي تضا  وند   41.6وبالاالي  ةةبة ما يضيفي الم يارع من الةماد المعدةي وند الري بمياه  ر   حي معال  الاايا )

القيمة المالية ، مما سينعكس ولى الم يارع بمكل ايجابي بالحفوا ولى اتةااج  %( من    53.7اساددام مياه اوفية في الري ليوفر )

 اتولى بألل المفروفار وودم اترلاا بالاوا ن البيئي.

mailto:abutwibah@gmail.com
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 تقييم الإستراتيجية المتكاملة لإدارة مصادر المياه غير التقليدية بهيئة الري والصرف بالأحساء 

 

Hesham AbdulMohsen 
Saudi Arabia 
e-mail: hisham_11@yahoo.com 

 
Supervised by 
Prof. Waleed AlZubari  

 
 

دارة مياه الرم فى الاحوا من الأواماد الكلي ولى المياه الجوفية إهد  هدا البحث إلى تقييل اساراتيجية هيئة الري والفر  بالأ ةاء في  

م ومياه الفر  اليراوي(. وبينب ةااد  البحث أةي فيما يدص  إلى المفادرغير الاقليدية لمياه الري )مياه الفر  الفحي المعالجة الاايا

م ت بأس  الاحوا من امواماد ولى المياه الجوفية كمفدر أساسى لاوفير مياه الري أن   في توفير المفادر البديلة    بيالهيئة لد لطعب شوطا

م بكميار تيداد من وام برر وفى ةفس الولب يقل أوامادها ولى المياه الجوفية  للمياه الجوفية من مياه الفر  الفحي المعالجة الاايا

م أ بحب  اليا 1974% من مفادر مياه الري بالممروع وام  100لمياه الري، وبأن المياه الجوفية الاي كاةب تملل  كمفدر أساسي  

الري بالممروع وتملل ما ةةباي  2012) لمياه  الاقليدية  للمفادر غير  المياه    فقط%  12(  تةاددم كمفدر مةاةد  من أامالى كميار 

من  النةبة البالية  المةاددمة لأغراض الري اليراوي بالوا ة، في  ين أن كميار مياه الري المةاددمة من المفادر غير الاقليدية تملل  

في كميار المياه الجوفية كبيرا ةةبيا  إامالى كميار المياه المةاهلكة للري في ةطاق ممروع الري والفر  بالأ ةاء، ما يعد توفيرا  

الماجدد المااية )   ة.غير  العمر سنوار  الهيئة رلاا  المياه  2013  –  2003كما ةجحب  لنووية  المرالبة والماابعة  ( في تطبيق برام  

برار المعالجة والاحقق من مطابقاها للموا فار والمعايير الواردة باللادحة الانفيدية تساددام المياه المعالجة من رلاا رطاها باطوير مدا

لكوادر الوطنية المادففة في هدا المجاا، ما كان لي الأار اميجابي في اساددام هده النووية من مياه الري مرالبة الجودة وتأهيل ا

مجل/لار(،   1100-1000والاى لها رواص كيميادية أ بحب تافوق ولى المياه الجوفية كمفدر بديل من  يث تركيي الأملاح الدادبة )  

رية. من اهة اررم ةجحب الهيئة في إيجاد لناوة وراى وند الميراوين وكةر الحااي وكدل  محاواها من العنا ر الادادية الضرو

تنفيد برام  تووية كان لها الأار اتيجابيى في  ، وفل  من رلاا  النفةي لديهل وبالاالى تقبل اسالام واساددام هده النووية من مياه الري

يع تايير بعض المفاهيل الداطئة لديهل  ياا اساددام المياه المعالجة. أما فيما يدص تايير البنية الاحاية للممروع من ةظام النقل والاو 

او يع مياه الري ولى الميارع المةافيدة، فقد لامب  لبالقنوار المكموفة إلى ةظام النقل والاو يع بالأةابيا المالقة، وةظام الاحكل ابلي  

للممروع  نالهيئة با الاحاية  البنية  المةا  10في  فيد  العمل ولى تنفيد إامالى مةا ة لدرها  % من  المروية وااري  الكلية  % من 70ة 

% من كميار المياه المةاهلكة 39ومن الماولع أن يةهل فل  في رفع كفاءة اساهلاا المياه بالممروع وتوفير ما ةةباي  .  مةا ة الممروع

م ولى ترشيد  لري ةفس المةا ة من رلاا توفير فوالد النقل والاو يع، ورفع الكفاءة الحقلية لنظام الري المابع، ما سو  ينعكس إيجابيا

لمفادر الماا ة ورفع كفاءة اتساددام لأولى  د ممكن. ومع تايير البنية الاحاية للممروع وتطبيق ةظل الري  اساددام كميار المياه من ا

هكاار/يوم، وبدل  /3م   59إي ما يةاوي    ،هكاار/يوم/3م   6.7إلى    12.6الحديلة بالميارع من الماولع اةدفاض ات اياج المادي الكلى من 

م   والي   هكاار. 3200%( ولى اوابار أن المةا ة المروية  اليام 46.83مليون مار مكعا ) 69تكون الكمية الماولع توفيرها سنويا
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 ، اليمن البساتين في مدينة صنعاء القديمة /المتكاملة لموارد المياه في الحفاظ على نظم المقاشم   الإدارةدور 

 

Ataka Zabarah 
Yemen 
e-mail: at_zabarah@yahoo.com 

 
Supervised by 
Dr. Asmaa Abahussain 

 

 
 

المياهو   توااي اليمن تحديار سياسية والافادية واااماوية وديدة ومن ابر  هده الاحديار ممكلة ةقص المياه  يث تعابر اليمن من أفقر ومر دوا في

تل ارايار الاث مدن يمنية  تاريدية  ومن هنا تكمن اهمية الحفاد المادي وترشيد اساهلاا المياه ومعالجة المياه العادمة واوادة اساددامها لليراوة و و

من لبل منظمة اليوةةكو وهى شبام  ضرمور و بيد و نعاء القديمة كموروث اقافي والمي و مقاشل/بةاتين )لطعة ارض تل ولفها من لبل اتسر  

اةه وممكلاها  القديمةو  من امن  نعاء  القديمة  المةجد(  نعاء  ةظافة  مقابل  ليراواها  المةجد  لفالح  الضاالانية  الى  تاعرض  البمرية  ا  وط 

Anthropogenic    والطبيعيةNatural pressures   الاى باتب تهدد اساداماها . وكدل  تهديد رفاهية الةكان القاطنين  وا المقاشل/ بةاتين و مما

ا وتراوي ياطلا اتداف رطوار اادة ةحو  ماية بيئة المقاشل/ بةاتين والموارد اليراوية الناتجة منها ون طريق ادارة ماكاملة تحافظ ولى اساداماه

ابار مفالح الةكان  ولها وتسيما ان هنا المقاشل /بةاتين وتدهورها  وةضوب مياة  البناء ولى ارض  تاملل فىي  المقاشل  ا ااوط راهنة ولى 

 المةااد مما ادم الى تفحرها ةايجة ودم اساددام مياه المطاهير فى ري المقاشل /بةاتين. 

 

 وتهد  الدراسة الحالية الى الحفاظ ولى اسادامة موروث تاريدي واقافي ولد تل اساددام 

 اوتم  المنه  الواادقي الدي تل فيي الأطلاع  ولى الدراسار الةابقة  

م  توايق المعرفة الاقليدية لنظام المقاشل ون طريق و ن منظومة مادية فى ا دم مقاشل  نعاء القديمة .   ااةيا

م  تقييل الواع الحاا لمقاشل مدينة  نعاء ون طريق المةح الميداةي.  االلا

م  إاراء تقييل بيئي ماكامل لحالة المقاشل تل فيي الاعر  ولى  الة المقاشل   .R ،  وسبل  فظها  I، وآاار الادهور D&P، وأسباب تدهورها  Sرابعا

 أسابيان للةكان المحليين 

 - اتولا  –مقابلة للجهة المةؤلة ونها 

 تحليل الةياسار، الةيناريوهار المةاقبلية

 الةياسار المقار ة لحماية المقاشل. 

 دور اتدراره الماكاملة لحماية المقاشل

 

 واساناجب الدراسة  

%  2% تحوا سوق و  2% من وددها تحوا الى مباةى و5من رلاا الييارار الميداةية ان المقاشل/بةاتين  نعاء القديمة تاعرض للاةداار وهناا  

 % منها ميروع ايء منها. 42% منها مافحره و49تحوا الى مولن سيارار و

سنة و تل سوادل العينة هل سيال  47% أةاث ماوسط ومر 56%  فكور، و 44فرد من سكان مدينة  نعاء القديمة 25وةااد  اتسابيار الدم تل ولى 

 % بلا.  4%من العينة بنعل و92 راوة المقاشل افا تل توفير الماء وافاد  

ان اةة يواد سياسار ولكن هناا تضارب فى تنةيق المهام بين الجهار المدافة وودم تمكين الجهار المدافة من  DPSIRواواحب تحاليل 

 تنفيد أومالها.

 وتسادامة المقاشل تبد من ومل اتتى

 المفادلة ولى لاةون الحفاظ ولى المدن الااريدية للمحافظة ولى  نعاء القديمة من امن لادمة الاراث اتةةاةى العالمى. •

 اتدارة الماكاملة لموارد المياه في منضومة المقاشل من  يث   •

  فاد مياة الأمطار المفدر الو يد لاادية  وض  نعاء المادى. ▪

إوادة إساددام مياه الواوء فى رم المقاشل/بةاتين  نعاء القديمة ورا ة للمةااد الاى تل ربطها إلى شبكار الفر  الفحيو   ▪

 وتايير ةظام الرم بالامر إلى ةظام الرم بالانقيط  لاوفير المياة.

ومل محطار مفاره فى المقاشل لاكرير المياة الرمادية للمنا ا المجاوره )را ة إةي سيال إوادة تأهيل شبكة الفر  الفحي   ▪

 لفنعاء القديمة بعد إةاهاء ومرها امفارااي(. 
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Lack of sufficient quantities of water in the United Arab Emirates (UAE) is one of the major problems facing 
sustainable development. The arid climate of the country and heavy pumping of groundwater play a significant 
role in the water resources availability. The continued reduction of water storage will hinder the development 
in the country. 
 
To avoid this problem, integrated water resources management (IWRM) strategy should be implemented. This 
paper aims to assess the level of the groundwater resources management system in Abu Dhabi Emirate (Al Ain 
as a Case study) and to identify management gaps and challenges which help decision makers in achieving 
sustainable groundwater resources management. 
 
To achieve the above objectives, the following steps were used: collecting data on water recourses and water 
use, applying groundwater management assessment tools on Al Ain area, identifying the main gaps and 
challenges facing ground water management, and proposing management policies and interventions. Based on 
this study, the following results were noticed: Al-Ain groundwater resources were found to be in stage 3; i.e., 
experiencing an unstable development, which is categorized by uncontrolled abstraction with irreversible 
aquifer and conflict between stockholders; the current management level is not adequate (from 0 to 2 instead 
of 3); Abu Dhabi Emirate has adequate technical tools; and there is a clear management deficiencies or gaps in 
the institutional instruments and management actions. 
 
In conclusion, the necessary management level and interventions are inadequate and lag behind the level of the 
critical groundwater development stage. In addition, there is a major deficiency in the institutional instruments 
(i.e., water rights, regulatory provisions, water legislation, stakeholder participation, awareness and education, 
and economic instruments) and management actions (i.e. prevention of side effects, resources allocation, and 
pollution control) as compared to technical tools. In other words, the major challenge in Al Ain area is a 
management challenge and not a technical challenge.  
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Fifth Batch Students 
No. Name Country Project Title 

1 Fadia Tashtoush 
 

Jordan SWOT Analysis of the Agricultural Sector in 
Bahrain 

2 Al-Anoud Al-khatlan 
 

Kuwait The Potential of Using Treated Sewage Effluent 
from Askar Wastewater Treatment Plant in 
landscaping (Coastal zone management of Askar 
village) 

3 Bashar k. Alfadhli Kuwait A comparative Study between the Quality of Tap 
Water and Bottled Water in the State of Kuwait 

4 Eiman Mohammad Mansoury Kuwait Assessment of irrigation performance for fodder 
crop production in Abdaly area 

5 
 

Ghada Sadiq AL-Haddad 
 

Bahrain 
 

Performance Assessment of Distillers in Sitra 
Power and Water Station 

6 Sami I. AlAboud Saudi Arabia Benchmarking Approach for the Evaluating of 
Water Utilities in the Gulf Cooperation Council 
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Freshwater is increasingly seen as a key constraint on food production. At the global level, agriculture alone 
accounts for about 80% of the fresh water use. As population keeps increasing, more food needs to be produced, 
and consequently requires more fresh water demands. Therefore, there is an immense pressure to reduce 
agricultural water use to fulfill the growing demands of the domestic and industrial sectors.  
 
In Bahrain, as in the other GCC countries, the agricultural sector has attracted rising concerns and development 
focus due to supply shocks, increasing food demand and prices, and experienced impacts of climate change. 
Bahrain cannot achieve self-sufficiency due to its limited water resources, limited arable lands, and unfavorable 
climatic conditions, but there are serious food security concerns that the gap between what is imported and 
what is produced locally should be narrowed. Therefore, Bahrain should establish an efficient local agricultural 
production system that can maximize food production to reduce food imports with optimum use of water 
resources. 
 
The objective of this research is to evaluate the current status and performance of the agricultural sector in 
Bahrain by conducting a SWOT analysis, to identify strengths and weaknesses, and explore opportunities and 
threats of the sector.  
 
The results indicated that the agricultural sector in Bahrain is in need of further initiatives and support. Achieving 
maximum agricultural development, despite the limitations, can be realized by expanding the use of treated 
waste water (TWW) for irrigation, introducing irrigation water saving techniques and practices, adoption of new 
production techniques like soilless agriculture, cultivation of less water demanding fodder crops, conducting 
agricultural research that focuses on improving irrigation water use efficiency and deficit irrigation techniques, 
training of the agricultural man-power sector, and motivation of the private sector to invest in modern 
agriculture. Better marketing of local agricultural products and more cross-sectoral planning and integration, 
across the entire agricultural production chain and water management sector is also required. Institutionally, 
the regulations on groundwater utilization needs to be enforced, together with better monitoring of quality and 
level through coordination between the different sectors involved. Market chain analysis is needed to realize 
full benefit to farmers and consumers.  
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The discharge of untreated and partially treated sewage water is the main source of organic, microbial and heavy 
metals pollution to the marine environment. Accordingly, arid and semi-arid countries are increasingly 
attempting to integrate wastewater in their national water policy and plans. In Bahrain, about 301,300 m3 of 
sewage are produced daily, with most of the sewage treatment plants (STPs) receiving influent more than their 
design capacity. Askar STP is receiving 40% above its design capacity, which leads to the discharge of the excess 
amounts to the coastal area, either as untreated or partially treated.  The objectives of this research are to 
investigate the potential of utilizing treated wastewater in irrigating the landscapes of King Hamad Highway, 
which is located adjacent to Askar STP and is subjected to sand drift, and to reduce the pollution in the Askar 
surrounding marine environment. 
 
Seven water samples were collected from the study area. Colilert method was the only test which applied for 
the whole 7 samples and it was to analyze the total coliform and E.coli. Additional analyses were applied only 
for station no.3 which is located at the STP outlet to test the ability of using this effluent for landscaping. These 
tests are Salinity using Electrical Conductivity, Ca, Mg, Na and K elements using ICP_OES. The pH and Nitrogen 
values were provided by ministry of works. Sodium Adsorption Ratio (SAR), daily nutrients loss and water 
requirement for trees were calculated. Software JMP was used for statistical analysis.  
The results indicated that, expectedly, the maximum total coliform the E. Coli concentration was at the STP 
outlet (5,044,666 MPN/100ml and 1,198,000 MPN/100ml) both exceeding the standards of the Royal 
commission for Jubail and Yanbu. 
 
The volumetric rate of 410 m3/day of Askar effluent can fulfill the water requirements for 2,733 trees, which 
requires about 150 liters/day/tree. Moreover, this treated wastewater contain high amount of nutrients that is 
lost without beneficial use. The average content of N, Ca, Mg, and K were 7.7, 18, 1 and 5 Kg/day, respectively. 
The average SAR and EC were calculated at 4.42 and 0.76, respectively, which are acceptable values for irrigating 
the landscape area along the highway to combat sand drifting. In conclusion, untreated sewage represents a 
serious environmental issue to the coastal areas, while it can be used safely for irrigating the landscape. It is 
recommended that that partially treated wastewater is used in irrigating landscape crops with restriction by 
using selective methods of irrigation with good personnel hygiene. 
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Although the government provides tap water with good quality drinking water for its population with continuous 
non-interrupted supply, many people prefer to use bottled water. This research investigated the microbiological 
quality of drinking water (micro-organisms count, in colony forming units, CFU) and the salinity (Total Dissolved 
Solids (TDS), mg/L) for samples from tap water and bottled water. The results showed a clear variation between 
the TDS measured in bottled water and that indicated on the bottles labels. Moreover, some bottled waters had 
a microbial contamination; however, it is suspected that this contamination is made by human errors in 
experimenting. It is recommended to decrease bottled consumption for a number of reasons, the most 
important of which is that there are no guarantees on the proper storage of these water in terms of heat and 
humidity, as observed by field investigation and research, and that the cost of bottled water sold in Kuwait are 
far more expensive than the cost of the tap water which is highly subsidized and is within the drinking water 
quality standards. 
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This study aims to estimate crop water requirements for the green fodders grown in Abdaly area in the State of 
Kuwait . The data was collected from Abdaly administration statistics and field visits to the Abdaly farms. 
Data revealed that the total number of farms is about 2800, out of which 1,064 cultivate green fodder using 
flood irrigation as the major water application technique in total area of about 2,247 hectares. Alfalfa constitutes 
about 41.5% of the total area, while Blue Panic mainly occupies the remaining area (58.5%). Cropwat software 
was used to calculate the reference crop evapotranspiration (ETo) from five-year average climatic data. The 
leaching requirement was also calculated using the average irrigation water salinity levels and the tolerable 
salinity limits of the two fodder crops at the root zone. The effective rainfall was calculated using a general 
formulae that considers 20% moisture losses for any rain event that is greater than 10 mm. The net irrigation 
requirements were calculated by adding the seasonal water requirements of the two crops minus the seasonal 
effective rainfall plus the leaching requirements. Actual field water application was estimated from pump 
operation time, discharge volume and number of irrigations throughout the season.  
The results showed that the estimated actual field water application is about 363 MM3/year, while the crop 
water requirement is about 59 MM3/year. This means an irrigation efficiency of about 16%, which is below the 
24% indicated by FAO data in Bahrain. However, such figures must be treated with caution since the lack of 
comprehensive data dictated the use of several assumptions that will affect the accuracy of the estimations. The 
study calls for the need to conduct detailed research on irrigation water use and management to integrate the 
other factors that may directly or indirectly affect the use of such valuable land and water resources in the State 
of Kuwait.  
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Sitra Power and Water Station (SPWS) is one of the oldest desalination plant in the Kingdom of Bahrain .The 
station is comprised of three phases ,where phase I consisted of 4 boilers,4 steam turbines and 2 Multistage 
Flash (MSF) distillers commissioning in 1976 and phase II consisting of 1 Gas Turbine (G.T) and it’s Heat Recovery 
Steam Generator(HRSG), Auxiliary Boiler (AB) and 1 Multistage Flash (MSF) distillers commissioned in 1984. In 
1984/1985 and as part of the desalination sector expansion plan, phase III was commissioned comprising of 
three identical MSF units.  It is owned and operated by the Electricity and Water Authority (EWA), and being kept 
in operation since then which involves continuous investment to cater for the maintenance and operation costs. 
This research focused on the assessment of the distillers performance of SPWS, covering a 5-year operation 
period (2010-2014) and comparing the results of the assessment with a previous assessment that was carried 
out earlier for a 4-year period (2006-2009) of operation. The evaluation aspects considered for of SPWS‘s 
distillers are the: Availability, Reliability, Capacity Factor, Environmental Indicators, and the Quality of Water 
Produced. The cost of desalinated water produced by the station is the crucial factor in evaluating the 
desalination plant economics and reliability, especially when the plant gets older in operation. In the other hand, 
the cost of the desalinated water in Bahraini Dinars for the year 2014 is calculated and compared with the tariff 
paid by (EWA )to Hidd Power Company (HPC); Private sector, which is using thermal desalination technology as 
SPWS. The results indicate that increase in the maintenance cost of the oldest low performance desalination 
units (Dist. 1A,1B) and the reduction in the availability  and capacity factor due to the aging effects are obvious  
and  impacting negatively on all the performance indicators of SPWS. It is found that SPWS is still able to supply 
water with the required quality; however the  design  quantity is not always met.  
 
The comparison between the two assessment periods indicates that the average Availability Factor has 
decreased from 83 to 81%; this is mainly due to the increase in the total unplanned outage rate, especially the 
forced and maintenance outages, which drastically increase in 2013 and 2014 . The water unit production cost 
is calculated to be about 483.88fils/m3, which is not much higher than the tariff paid to HPC especially when the 
age is taken into consideration; fuel (natural gas) is found to be the largest component of the cost (about 67% 
of the total cost). The environmental indicators showed that all the flue gases emissions are below the standards 
limits except the NOx emission  on the Heat Recovery Steam Generator (HRSG) where it is always higher than 
the standard. Thermal marine pollution occurred few times during the year.   SPWS can be taken as a proof of 
the technical and management capabilities of the public sector in running the plant for more than 40 years. It is 
recommended that EWA moves toward improving the performance of SPWS. Moreover, in plants where the 
criteria of intake and outfall constructions are not followed, the environmental laws regulating the operation 
need to be enforced. 
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Developing the performance of public organizations, there was the appearance of Benchmarking approach, to 
measure and evaluate the performance of these organizations, and to identify weakness, as compared to others, 
and work on them, and to achieve excellence of the Quality performance. The extensive application in the past 
years in many countries like the United States, Britain, and Japan. Despite the importance of benchmarking of 
the water sector in the GCC countries to evaluate performance and access to best practices and new ways to 
develop, but it did not take the it’s right of the studying and application in these countries. This study highlighted 
the importance of benchmarking, and how important it is, and how and patterns, and to know how we can take 
advantage of benchmarking in leading and evaluating performance, And applied to the Water Management 
Branch Ras Tanura Area.   The study shown that the effective application of benchmarking in the water utilities 
require change the prevailing organizational culture, so that they are encouraging cooperation and mutual 
benefit, and conduct internal or external comparison with similar facilities in their performance in the services 
they offer. 
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2 Nasser Mharab AlEnezi  Saudi Arabia Assessment of the level of groundwater 
resources management in Saudi Arabia (semi-
renewable) saq aquifer case study in nefi area 
(Saq Aquifer outcrop) 

3 Abdulla Salem Ahmed 
AlKayoumi 

UAE Functions of water regulatory agencies and 
water pricing 

4 Ahmed Ali ElGabri UAE Non-revenue water in the Ain Water 
Distribution company 

5 Waleed Zaher Khamis Al Alawi UAE Non-revenue water in the Ain Water 
Distribution company 

6 Abeer Abdulaziz Al-Temimi Kuwait Drinking Water safety Plan in Kuwait 

7 Huda Abdulaziz Al-temimi Kuwait using soil conditioners in enhancing irrigation 
efficiency  

8 Kawthar Ismael Sultan Kuwait Beneficial Impacts of treated wastewater reuse 
in agriculture on groundwater water levels and 
salinity  

9 Anwar Jaber ALOsaimi Kuwait Assessment of the impact of the desalination 
brine discharge on the marine environment in 
Bahrain, Al-Dur RO plant case study 

10 Nora M Al-Enezi Kuwait Stochastic urban water demand forecasting 
using Monte Carlo Simulation   

11 Maryam Juma Marzooq Bahrain Quantification of the energy input in the water 
supply cycle  

12 Ghadeer Mohamed Redha 
Kadhem 

Bahrain Optimum locations for groundwater artificial 
recharge with storm runoff water using GIS 
techniques and multi-criteria decision making 

13 Saad Hassan Saad Al-Housali Yemen Assessing the Role of WUA's in Groundwater 
management in Sana'a Basin 

14 Ahmed Al-Aghbari Yemen Water Security: The fragmentation of 
meanings, approaches and stakeholders, in the 
Kingdom of Bahrain 

15 Marwa Faisal Salman Mohamed Sudan Water harvesting projects in Sudan and the role 
of community participation in its sustainability 
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تقع المملكة في منطقة تتمتع بمناخ جاف وتتسمممممممممممممد بنائي الموائ  المات ةا وفي اتوالم لات  يمممممممممممممةاز المملكة في ات قو  الما ممممممممممممم ة   ا ي في 

م الاز اتنمو اتسممممموالح واة بمممممرتة عسممممم ا ائتيا  م الاز اتتنم ة الاجتما  ة والااتإممممما ةةا مما ع ى المي   ا ي اتطلا   ي الم ا  في 

 ة ماةة ات م ة ات امة واتب  ة.  اتقطا  اتبلاي. و 
ح
تقا صمابا ذه  اتي ا ي ائتيا  في مم از م ا  اتإمرف اتإماي اتتح تجتاع م اة ة

ا ت تب
ح
 يرر تقل اي ومتسا  ةرتبي بم الاز اةمممممم، فإ الم ا  اتبلاةة. وتهاا   ت    روبات ا

ح
 مات ا

ح
م ا  اتإممممممرف اتإمممممماي الم اة ة مإممممممائا

تائي الم ا  تتخي ف اتبغي   ي الموائ  المات ة الأخرى )الم ا  اة و  ة والم ا  المنتسة من مجطاز  من المي ا ا ا ي اةتخاامةا في ظل  

 لا تي 
ح
% من اجمالمي الم ا  الم اة ةا و لقى اة يء  17لسمممبة ا ا ي اةمممتخاا  م ا  اتإمممرف اتإممماي الم اة   ن   ااتتجل ة(. الا عت  بات ا

ا مما ةمثل  رص  ائ ة وخسائاز مات ة وااتإا ةة.
ح
 ب ئ ا

ح
  رئا

ح
 الأمبر من ا في اتبجر عو في المناطق يرر المأذوتة باتسوان مس با

يسمممممت ر  ذها اتبجع اطا  م ا  اتإمممممرف اتإممممماي واتو مممممع اة المي ت مل ة ا ا ي اةمممممتخاا  م ا  اتإمممممرف اتإممممماي الم اة ةا و قو  

بتجاةا الم وااز اتين ة والإ ائ ة والمؤةمممسممم ة اتتح تواج   مل ة ا ا ي اةمممتخاا  م ا  اتإمممرف اتإممماي الم اة ة واتت رف   ي ةمممبل  

 وم ي ة  مل  ويسممممممممت ر  اتتسائا واةنبراز اتنا  ة  تهت لةا. ويسمممممممملي اتبجع اتبمممممممموء   ي ات
ح
ة ول اتتنظ مح اة امد تلقطا  بات ا

تول من الأئ ن وةمممممممنغا وئي ويسمممممممتخلا اتائوا المسمممممممتيا ي من ا تت ظ د اةمممممممتخاا  م ا  اتإمممممممرف اتإممممممماي الم اة ة.  و قو  اتبجع  

من خفل اةمت  ان تد اةمت ياء  من ابل لوي ات فاة (  SWOTب جراء اتتجل ل اترباعي تنقاط اتقوي واتبم ف واتيرص وات، اةااز )

باةممممتخاا     (TOWS)ثد اجراء تجل ل مإمممميو ة    نشممممنا( وم 17من اطا از الم ا  واتيئا ة واتإممممنا ة واتقطا  اةناص واتبج ح )

تقلل من تقاط اتبممممم ف وت مل   ي  ا  تسمممممتخا  تقاط اتقوي تتقل ل ات، اةاازا و تسمممممتخا  تقاط اتقوي تي ا ي اتيرصاةمممممجرات س از  

 .تستي ا من اتيرص تتقل ل من تقاط اتب فا و تسنا ات، اةااز

 لإ مممممممما يتأةمممممممم س جةمممممممما  مسممممممممؤول  ممممممممن بلمممممممموئي اةممممممممجرات س ة ةممممممممرى اتبجممممممممع بأتمممممممم  ةسمممممممما  نوممممممممن تسممممممممائا اتمممممممماول وتتممممممممات  تجل ممممممممل الاةممممممممت  ا

المنإإممممممماز المات مممممممة و و تمممممممو ر تممممممم  اتسممممممملطاز اتبمممممممروئ ة  ةصممممممم اا المإممممممم  عاةمممممممتخاا  الم ممممممما  الم اة مممممممة ةمثمممممممل   ممممممم   ا مممممممة ات مممممممر اء و 

والاةمممممممتخااماز  . وبمممممممأن مسمممممممالاز ا ممممممما ي اةمممممممتخاا  الم ممممممما  الم اة مممممممة ت ممممممممل اتتبرةمممممممااتف ممممممممة تر مممممممع ميممممممماءي اةمممممممتخاا  الم ممممممما  الم اة مممممممة

ئ وتث  مممممملم اتجربممممممة. مممممممما ةقجممممممر  المممممممان مممممممن اتغبمممممما تلمممممموا اتةممممممواء وبماةممممممة اةنبممممممراء بممممممول المممممممان تتخيمممممم   اتإممممممنا  ة وال مممممماء الأبيمممممممة

  مممممممن 
ح
واةنممممممماص وفمممممممي لتممممممم  ةمكمممممممن  از بمممممممرن اتقطممممممما رن ات ممممممما  ا مممممممر اتطمممممممر  بمممممممي  اةمممممممتثمائ ة وتي  مممممممل عن ةومممممممون ذمممممممها اة ةممممممما  مسمممممممؤولا

لمممممممممممممي ااجممممممممممممرا  اتقممممممممممممواترن اتف مممممممممممممة تر ممممممممممممع ميمممممممممممماءي اةممممممممممممتخاا  الم مممممممممممما  ا بالإ مممممممممممما ة واز الااتإمممممممممممما ةة واة مممممممممممموا ي المات ممممممممممممة اةممممممممممممتخاا  الأ 

 ة.الم اة 
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ا ب ع  واترت س ة في المملكة ات رب ة اتس و ةة اتطب   ة الموائ  المات ةةواء المتسا ي عو يرر المتسا ي من عذد ت تبر الم ا  اة و  ة 

م ر  تفةتنزاف   ما  ة والااتإا ةة. الا عن م ظد ذه  الم ا  الاجت و  اتيئا  ة  خامة اتتنم ة  ةتد الا تما   لي ا ع ول مبرر في

ات رب ة  المتسا ي( في المملكة    تق  د مستوى ا ائي الم ا  اة و  ة )يب المي اف ذها اتبجع  اتتلوا بواةطة الأل طة اتسطج ة. ي و 

مائاةة باتة ممثلة تلم ا  اة و  ة في باقي مناطق   في خيان اتساق اة وفي باتر ا  بقل م ا  تيحمنطقة باةتخاا   اتس و ةة 

 ائ ة المطلوبة تتجسرن  اتب ف واتثغراز الإ   اة ة تقاط وو ع مقجرباز لماتقوي واظةائ تقاط   االمملكة لاز اتطب  ة الم اب ة

ي في المنطقة  ب ا.  نا مقائتة مربلة اةتغفل الم ا  اة و  ة والابت اجاز الإ ائ ة المناظري تةا ةنيان اتساق اة وف مستوى الإ ائي 

تبرن عن مم ة الم ا  اة و  ة المس وبة من اةنيان اة وفي ع  ي بكثرر من مم ة الم ا  اتتح تغهي اةنيانا مما ةال   ي عن اةنيان  

اة وفي في المنطقة ةمر عع ي وي الح من تنم ة يرر مستقريا و ال   ي لت  الاتخيا  المستمر لمستو ات  المات ةا واتهي الا اةتمر  

 ائي المات ة لا ن مستوى الإ وتقا تبرن عراز طو لة ة ؤ ي المي تاذوئ تو  ة الم ا  اة و  ة وخسائي جاذي ، ا تفةتخاا  المباير. تيج

 في جم ع الم الازت نيانا تناةا مع اتو ع المائح ة
ح
ي ا  اةتاامة  ا مما ب ع توجا  سوي مبرري برن ما ةسا اتق ا  ب  وما ةتد بات ا

عو توا  توون   لى مستو ات ا ع ائ ة المطلوبة في جراءاز الإ  واز اتين ة واتوةاتل المؤةس ة والإ وبات ا ةتد تطب ق الأ  .اةنيان اة وفي

ر ع مستوى  تهاا ذناإ  روئي اإوى تو .  ائ ةمبر من اة واتا الإ عاتجرمرز   ي اة واتا اتين ة   عن مما ةفبظ يرر موجو ي. 

تبجع ب جراءاز وتاخفز ا ائ ة  اةاي ئ   ة  ةوص ح اا  ائ ة تتتناةا مع اتبغوط اتواا ة   ي الم ا  اة و  ةاتتاخفز الإ 

تلوا وتجاةا موااع اتتغهةة ةواء  اتجرمرز   ي ا ائي اتطلا واة ماةة من اتا مع  المستوى   ي المستو از اتين ة والمؤةس ة والإ ائ ة

واتيا  الميائ رن  ا  واةتخاا  الم ا  الم اة ة تلري  اتطب ق طرق اتري اة اةثة تر ع مياءي اتري ا و و الم ا  الم اة ةعمن م ا  اتس ول 

 تو ع ت ر ة مناةبةآبائذد تق اا مم ة الم ا  المس، لكة بجرم ا  اا از   ي  
ح
 في  ئمي ة  توون  بج ع  ذها  في اتتائع  و مكنا تمة اا

 متاع ةاة وفيا و  ا ائي اةنيان   مس وت ة المنتي رن في م ائمة   ومهت ا  تةا اتإا ةةالا باتق مة  ات  وئ  المس، ل    طاءلإ  مرالأ  بااةة 

ا وات مل   ي بناء تمولع  ومستمر  وئي ع ول اتب اتاز وتجاةع المات ةا بالموائ  خاصة ب اتاز  اوا ا بناءو   بقل آبائ م ا  تيح

 .ئ اض ح يسا ا في  مل ة اتخال اتقرائ في ا ائي اةنيان اة وفي
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The project discusses the importance of proper tariff structure and the impact of tariff changes on water 
consumption in Al  Ain City in the Emirate of Abu Dhabi. Water rates are important for sustainable future and 
conversion of national resources. In Al-Ain, Water tariff changes happened in 2015 for the first time in twenty 
years since the establishment of all sector companies. The tariffs increased for all classes of customers, except 
in agriculture which remains the same. The water tariffs increased for both the residents including the nationals 
and non-national residents as well as government customers. The study aims at contributing to understanding 
consumer’s behavior in response to economic tools in Al-Ain by analyzing the impact of tariff changes between 
2015 and 2016 on all customer classes and makes a comparison of the impacts of tariff during the period of 
2014-2015. The objectives of the project include assessing the impact of tariffs change on customers’ water 
consumption and to observe the price-demand elasticity. The data from the Customer Care and Billing (CC&B) 
Department within the Al Ain Distribution Company (AADC) has been collected to perform the analysis. The 
collected data in the form of rates and fields were screened. This included the (CC&B) data which comprised of 
the premise IDs, water consumption reads for 2014, 2015 and 2016 and the premise types.  
The tariff rate data for 2014, 2015 and 2016 were also screened towards giving more ccurate results. The 
screening process entailed comparing and validating the customer datasets so as to have consistent data 
readings that did not move considerably over the three year period between 2014 and 2016. The analysis was 
carried out on all customer groups except agriculture as agriculture did not have any tariff changes in both 2015 
and in 2016. After the tariff impact analysis, the best practices in worldwide utilities that are similar in nature to 
AADC have been assessed. The best practices show how tariffs are structured towards reaching the utilities long-
term objectives. Therefore, this project illustrate the impact of tariff changes, demonstration of best practices 
in tariff setting and high level recommendation for the suggested tariff reform. 
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UAE is situated in an arid region where water is scarce. Increase in Non-Revenue water (NRW) leads to depletion 
of water resources, negatively impacts the environment and economy of the country. Therefore, understanding 
NRW and its management approaches using  case studies in utility companies is the first step in managing and 
controlling NRW. In this study we have reviewed and analyzed all available data related to NRW, annual reports 
on NRW, and management and control efforts of NRW in Alain Distribution Company (AADC), UAE.  The AADC 
is obliged to report on annual basis the Leakage and loss control to the Water Regulators. The company follows 
the International Water Association (IWA) Model for their assessment and reporting of NRW. The AADC has a 
record of 10.53% of NRW to the system input volume. We have acquired the basic knowledge of NRW and its 
components such as System input, Unmeasured Volume and Distributed volume of water as key elements in the 
assessment of NRW and its source data. In addition, we have gained insights and understanding of areas where 
the attention is required like Customer metering and Bursts analysis, pressure management, active leak 
detection, influence of leakage and key performance indicators to benchmark with other utility companies in 
the world. 
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Most of the soils in the Gulf Cooperation Council Countries are characterized by limited water holding capacity 
due to sandy textures, low organic matter. Furthermore, it is generally affected by salinity and/or sodicity with 
primary and secondary cases of salinity arising from low quality water, high evaporative demands (about 3,000 
mm/year) and temperatures. Therefore, to mitigate such adverse conditions for crop production, soil physical 
and chemical properties must be improved or modified before profitable agricultural production may be 
achieved. Thus, soil conditioners have been used as an effective technique to improve water conservation of 
sandy soils by improving water holding capacity, reducing infiltration rate and cumulative evaporation. An 
experiment was carried out at the laboratory and greenhouse of AGU to evaluate the effects of adding super-
polymer absorbent (SAP) on soil physical properties and plant water uptake. The first part of the experiment 
dealt with soil physical properties as modified by the addition of 0.0, 0.2, 0.4 and 0.6 percent of SAP by weight. 
Furthermore, plants were grown in pots each filled with 8 kg of soil in the greenhouse. Three rates of SAP were 
used: 0.0, 0.1, and 0.5% by weight and mixed with the soil. Plants were irrigated with irrigation water of EC 
adjusted to 0.0, 2, 4 and 6 dS/m. Water uptake and water use efficiency were calculated in hourly basis using six 
pots of plants (3 with and 3 without SAP) placed in two sensitive automated balance with data logger. Rosemary 
plant was used as a check crop.  
The results indicated that SAP application has significantly improved the soil bulk density at all the used mixing 
rates compared with the control (no SAP application). The highest reduction in bulk density was observed with 
the highest rate of SAP (0.6%). The effect of SAP on water holding capacity (moisture curve) was significant with 
125% increase in soil water content at field capacity and 110% increase at permanent wilting point under 0.6% 
addition of SAP. The application of SAP also significantly reduced the soil hydraulic conductivity (from 0.48 under 
no SAP to 0.16 cm/min under 0.6% SAP application). Plant leaves analysis for Nitrogen content (N%), indicated 
significant differences with the highest N level under the highest SAP level compared with the zero and 0.1 SAP 
levels. Regarding plant fresh weight, the highest weight was obtained under 0.5% SAP compared with 0.1 and 
zero SAP%. Higher water use rates were observed under SAP application compared with no SAP application 
indicating the positive effects of SAP in improving the water holding capacity of the soil. Thus, more water was 
available for the plants to satisfy evapotranspiration demands. Regarding water use efficiency, the ratio 
between the summed actual plant evapotranspiration and the summed measured applied water indicated 86 
versus 75% for the SAP and zero SAP applications respectively. It may be concluded that the application of SAP 
has improved the soil physical properties and consequently improved plant water uptake and growth. However, 
the economics of using such soil conditioner at large scale needs to be carefully studied. 
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TSE use in the agricultural sector has increased from 0.7 Mm3/year in 1987 to 28.6 Mm3 in 2014. Examination 
of the published research indicated steady reduction in groundwater level between the year 2000 and 2010 at 
both Alat and Khobar members of the Damam formation that represents the main source of groundwater in 
Bahrain. Similarly, there was increase in the water level between 2011 and 2014. The quality of Damam 
groundwater can be affected by other factors than excessive abstraction for agricultural uses as the later activity 
can affect the quality through contamination of the aquifers in several areas as indicated by the study of 
Elshoweiy et al. (2014). Superimposing ground water level with TSE utilization indicated lag time leading to the 
supposition that administrative measures in reducing groundwater abstraction and TSE utilization in agriculture 
require time for groundwater level and quality to improve in the Kingdom of Bahrain. Recent analysis of 12 farms 
groundwater sources in 2017 indicated that the EC is still high in certain places but the minimum was 4.5 and 
the maximum was 18.2 dS/m. Further analysis indicates that groundwater quality cannot be directly related to 
utilization of TSE as most of the farms with conjunctive use of the two sources have high groundwater EC and 
vice versa. This suggests that a more detailed study is needed to understand the effect of TSE application on 
groundwater level and quality. 
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Desalination has become the only viable source of fresh water for Bahrain, as well as other GCC countries, to 
meet their drinking water supply due to the shortage of conventional water resources on one side and the 
accelerating rates of population and urbanization. However, such reliance is associated with a number of 
environmental externalities, such as air and marine pollution, which need to be minimized. A first step in this 
process is to characterize the impact of these emissions and discharges and then to design a mitigation plan to 
reduce their impacts on the environment. The objective of the study is to investigate the impacts caused by the 
effluent discharge from Al Dur desalination plants on the Bahrain’s marine environment. The surrounding 
marine area of the Al-Dur seawater reverse osmosis plant was characterized in terms of salinity. The 
methodology consisted of carrying a field sampling of the salinity at two locations, surface and bottom, and at 
two period low and high tides. The survey results have shown that the desalination plant outfall area has an 
increase in the salinity due to the discharge of the desalination reject water, with a clear high salinity plume 
formed at the bottom of the seabed. It is observed that the salinity increase is less during the high tide than at 
low tide due to dilution. To fully characterize the impacts of the desalination plant on the surrounding marine 
environment and ecosystem, it is recommended that other physical and chemical parameters surveyed and 
monitored, in addition to selected biological communities and organisms of ecological relevance and sensitivity 
to salinity and temperature. 
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The accelerated water requirements to meet the needs of the rapid population and socio-economic 
development will lead to increasing water shortage and increasing the cost of water supply, and will make water 
sector unsustainable in Kuwait. In order to fill in the gap between the accelerating demand and supply, 
constructing more desalination plants remains the main solution. Moreover, in order to overcome the many 
future uncertainties in the water sector, there is a need for long-term probabilistic forecast model for the State 
of Kuwait, starting by identifying the quantitative nature of uncertainties through assigning probability 
distribution functions to each explanatory variable within the forecast model. The demand model and the 
specified variable uncertainties are subsequently nested in a Monte Carlo Simulation, forming a probabilistic 
demand model. The research aims in general at developing a water demand probabilistic forecast model for 
Kuwait. The presence and magnitude of these uncertainties should be explicitly represented within forecasts, 
allowing decision makers to understand how uncertainties in future socioeconomic conditions affect water 
supply. A probabilistic model that quantified uncertainties for the population growth, per capita municipal water 
consumption and physical leakage was presented in this research. The results may help to provide Kuwait’s 
water authority with helpful guidelines on planning future water production. Regardless to the fact that some 
projection period was limited to four years, a number of conclusions can be obtained and may help in the 
planning for a much longer period. It is clear from the study that the demographics are the limiting factors and 
are always subject to change. Finally, a stochastic modeling approach using Monte Carlo method is 
recommended in any future modelling exercise in regards to the possible impact of management interventions 
and policies and their effectiveness in achieving a sustainable water sector. Moreover, to assess whether or not 
future expansion plans for the wastewater treatment plants in Kuwait are needed or not. 
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This research focused on quantifying the specific energy of the municipal water supply cycle in the Kingdom of 
Bahrain, which consists of three stages; production stage, transmission stage and distribution stage in the 
Kingdom of Bahrain. Government and private water production stations use various types of desalination 
technologies, which are thermal and membrane based technologies in order to produce freshwater from sea 
water and brackish groundwater. Transmission and distribution networks are government assets for Electricity 
& Water Authority (EWA). The transmission network receives the desalinated water from the production 
stations and convey it to the blending stations, forwarding stations and distribution stations. The distribution 
stage, the last stage, delivers potable water to customers. In this system, although gravity is the main method 
to transmit and distribute water in Bahrain, there are also pumps used in the transmission and distribution 
networks, which consume energy as well. Site visits, interviews and phone calls with the concerned engineers 
were arranged in order to compile data related to the energy consumption in the municipal water cycle. Also, 
detailed calculations were performed to measure the used energy in kilo-watt hours to produce, transmit and 
distribute a unit of water cubic meter.  The results indicated that production plants consumes energy intensively 
in the Kingdom of Bahrain, estimated at about 97% of the total energy consumed in the municipal water cycle, 
while the rest is consumed by the transmission and distribution networks in this order. For future studies, it was 
recommended to calculate the thermal energy to compare desalination technologies specially, among thermal 
desalination technologies. Also, reactive energy should be calculated for big consumers of energy like production 
plants and stations which contains pumps and motors. 
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The Kingdom of Bahrain is suffering of a sharp shortage in natural water resources. Rapid increase  population 
and urbanization, fast socio-economic developments have significantly increased the demand for water, causing 
over-usage of the already scarce groundwater resources. This has led to a significant decline in groundwater 
levels, a radical storage reduction, and serious degradation in groundwater quality. In response to the water 
shortage conditions, the Kingdome of Bahrain has adopted  relying on the non-conventional water resources, 
such as desalination and treated wastewater. Relying only on these to non-conventional sources that are 
depending on recently economic abundance could cause harm and sharp decline in water supplying at the long 
term if any occurrence of an emergence economic crisis in future. Therefore, the Kingdom of Bahrain has to 
have alternative plans to supply water by managing its resources. Using new techniques of  maintaining and 
storing water on the aquifer for the future, could help to mitigate any water shortage crisis. One of the well-
known non-conventional techniques of managing water resources efficiently and sustainability is aquifer 
recharge which could enhance and increase groundwater availability. The engineered system of aquifer storage 
and recovery (ASR), is a good technique whereby surface water is moved to aquifers via water harvesting or 
injection wells that serves to bolster groundwater resources. This research provided an overview of the previous 
literatures addressed rain water harvesting and artificial groundwater recharge and the main criteria and best 
GIS techniques used in selecting optimal locations for artificial recharge , to contribute towards better water 
resources management. Aim of this research is to focus on  the most suitable method to investigate the optimal 
and best locations of rain harvesting for groundwater recharge in the Kingdom of Bahrain. Multi criteria decision 
making (MCDM) has been implemented by using geographic information system (GIS) environment and 
techniques. Data of this research were gathered from different resources and weighted overlay analysis has 
been used to apply  the MCDM with its sequential steps. 
An ordinal scaled map of the optimal and best locations of rain water harvesting and artificial aquifer recharging 
has been generated and discussed as a scoping study of the area of investigation. Optimal location of the rain 
water harvesting and artificial aquifer recharging was on the Mamtallah location south west of the kingdom of 
Bahrain main Island. Results of best locations were very closed to what has been succeeded in previous 
experiences of groundwater recharging in the Kingdom of Bahrain. This research has improved that using GIS in 
detecting best locations for water resources management planning and scoping studies is very effectiveness, 
particularly in implementing MCDM. To enhance the results of this research there were some recommendations 
such as using high resolution data and facilitating data sharing to the researchers to participate in decision 
making toward integrated water resources management.  
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population grew from about 26 million in 2009 to 32 million in 2016, and is expected to reach 53 million by 2031 
assuming a growth rate of 3.7 percent Over the last 40 years, the rapid growth in demand for higher value 
products and the transformational role of groundwater have driven growth and employment in agriculture. Now 
productivity is stagnating and water availability is declining. At present, the available water in Yemen of 115 m3 
per capita per year is among the lowest in the world, and is likely to decline to 55 m3 per capita per year in 2031. 
The situation in the Sana’a basin is even worse because of the presence of Sana’a city with over 2.5 million 
people relying on groundwater for their drinking water. The Water Law of 2002 considers the participation of 
the rural communities (the farmers as main water users) essential to achieve the needed reduction in 
groundwater abstraction. This research will The documentary the history of the establishment of the Water 
Users Association in Yemen taking Sana’a Basin as a case study, and  approach will be used for this research to 
assess their  status of Water User Associationsrole during the last 6 years in the management of groundwater in 
the basin,  and identify to observe developments, their strengths and weaknesses. The research examines the 
effectiveness of the works of WUAs in conserving water resources of the in Sana’a basin. The research provides 
an account of the role of the institutional framework in managing water resources. 
This research documented the history of establishing Water Users Associations (WUAs) in Yemen taking Sana’a 
Basin as a case study, and assess their role during the last 6 years in the management of groundwater in the 
basin, and identify their strengths and weaknesses.  Thus the research was subdivided into many parts, where 
the first part explained what means by WUA, where the second part defined the role of WUA as a global concept, 
to sum up the third part listed the mean findings, best practices and lessons learned. Based upon examples from 
Yemen, the farmers’ awareness on water scarcity is growing but there are many reasons for them not to act. 
With support of the Sana’a basin Water Management Project (SBWMP), 56 WUA’s have been registered 
between 2002 and 2010 with the aim to reduce groundwater abstraction. Those WUAs were working properly 
during the projects live where the project continued to support their activities. Since these WUAs were newly 
born and did not have a complete dose of training to give them the ability of continuity against the low level of 
community awareness and the limited financial capabilities of communities to adopt their vision. That was 
resulted in failure of most of the newly established WUAs. Currently, only 20 percent of these WUA’s are 
operational and progressing towards significant reductions in crop water use. Two important lessons can be 
drawn from the SBWMP experience for this project: much more attention is needed to set up an association 
based on good governance and principles of equitably and incentives for farmers to change their crop 
production are very important. 
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Achieving water security is one of the fundamental concepts of sustainable development. Achieving water 
security is one of the fundamental concepts of sustainable development. In Bahrain, similar to other Gulf 
nations, the country commits to the provision of municipal water through increasingly relying on massive 
engineering projects in the form of desalination plants, which was introduced in 1975 and has developed very 
rapidly to counteract the shortage and quality deterioration in groundwater resources. Desalination is resorted 
to meet water quality requirements for drinking/domestic water standards. Until the mid-1980s, the municipal 
sector relied mainly on groundwater and was augmented by desalinated water in small ratios. However, due, in 
part, to population growth and enhanced living standards as a result of economic growth, a significant expansion 
in desalination plants occurred and desalinated water has become the main component of municipal water 
supply with little augmentation by groundwater. The ratio of desalinated water has risen from 7 percent in 1980 
to 90 percent in 2014, which significantly improved the quality of the municipal water supply in the Kingdom. 
The project aims to investigate the factors that influence this short-term perspective of the concept. 
Furthermore, the project aims to investigate the broad perspective  of the water security concept by examing 
the institutional capabilities of water management institutions to cope with rising demand and the effectiveness 
of imposing technological instruments, such as desalination on top of the water management system that is 
criticized of leakage, non-revenue water and imposing low-tariffs. The research started by giving a background 
of how the water issues evolve greatly around desalination production. Three prominent themes surfaced in the 
discourse around water security in Bahrain. These are, firstly around the importance of groundwater as a 
strategic storage against emergency incidents. Secondly, the aspiration of Energy and Water Authority (EWA) to 
achieving water security through increasing the share of desalination in the municipal water supply as a reliable 
source and expanding its municipal water strategic reserves. Thirdly, the securitization of the desalination plants 
against physical damage and potential water intake pollutions, and fourthly the uncertainty of energy sources 
for desalination in the future. This is discussed through exploring the eminent challenges that face the 
desalination sector.The 
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As the available water resources is growing less vs. the increasing demand to satisfy basic needs; the call for 
water use efficiency became of vital importance. Water saving techniques, modern irrigation technologies were 
introduced, while the community participation was popularly applied to assure the sustainability of the 
programs and promote the sense of the ownership for the local people as it does care for gender equality and 
poor people. The study aimed to emphasize the importance of participatory approach as a key factor of 
sustainability of water resources management with focus of attention on case studies from Sudan (Author’s 
hometown) in order to allow for better allocation of research and development funds on IWRM projects in terms 
of knowledge sharing, out-scaling and up-scaling. The main driver of the approach is the local people. Thus, the 
results of applying the method will basically depends on the structure of the community; their livelihood, 
education and to what extent they can learn and utilize modern technologies and being committed to water 
laws and regulations. Developed countries shows good example in the implementation, while the experience of 
applying the participatory approach in a developing country (Sudan) indicates the need not to rush the good 
results and take it a step by step since the capacity building either for the officers or for the local community 
and the contentious evaluation is essential and it takes time and effort. The study also reflected how the 
governments can play a vital role in the success of the implementation by clear visions and strategies with 
adequate legal framework and enforcement of water laws & regulations, while hasty decisions only lead to the 
failure of the programs. After all, the experience shows that involving community in water management is 
fundamental. But nevertheless, the questions at all times will be “How to achieve the effective participation?” 
and “How to overcome the limitations of the participatory approach?” Well! Effective participation can be 
reached by considering the approach on a wide-scale and start to think of it as an objective of the development 
rather than a methodology to achieve some objectives (Economic). After which people’s motivation, 
collaboration, degree of self-determination will be gained. As for the limitations of the participatory approach it 
cannot be eradicated but at least it can be minimized by careful handling and appropriate procedures. 
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Many effective benchmarking projects already exist or are being established in many countries, such as the 
United States, the United Kingdom and Japan. There is a growing interest in benchmarking the water and 
wastewater utilities in the Gulf Cooperation Council (GCC) countries, but there is limited experience in 
benchmarking and its applications within these countries, especially in the wastewater sector. Currently, there 
is no benchmarking system for evaluating the performance of wastewater utility and services in the Kingdom of 
Bahrain. This research underscores the importance of benchmarking, the effective impact of its application in 
the wastewater sector and presents some successful international benchmarking applications in the water 
industry. Special attention is given to the International Water Association (IWA) benchmarking performance 
indicator system, its structure and components, data confidence-grading scheme and implementation method. 
The research builds on an earlier study titled “Benchmarking System for the Wastewater Sector in Bahrain” 
conducted by a national team from the wastewater sector (Sanitary Engineering Affairs- Ministry of Works, 
Municipalities and Urban Planning (MOWMAUP)) and academia (Arabian Gulf University (AGU)), which 
attempted to develop and implement a benchmarking system suitable to the Sanitation sector in Bahrain. This 
research intends to make a deeper reflection of the IWA’s Performance Indicators for wastewater services and 
their application by analyzing the outcomes of the previous benchmarking study  and suggesting follow up and 
complementary measures to enhance the implementation process, consisting of development of a governance 
structure for a benchmarking team for Sanitary Engineering Affairs – MOWMAUP, the main wastewater service 
provider in the Kingdom of Bahrain, identifying the roles and duties of the members, and modeling the results 
using a specialized benchmarking software (SIGMA Lite). In order to achieve a suitable benchmarking system for 
the wastewater utility in Bahrain, it is recommended that benchmarking workshops, involving potential 
members of the wastewater benchmarking team be conducted. In addition, it is recommended to use the 
developed software tools in the implementation of benchmarking, and to continue data gathering for more 
Performance Indicators to have better evaluation of wastewater utility performance. 
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Bahrain is an arid country with acute water shortage problems. the tertiary treated wastewater has become an 
integral source for crop irrigation and landscaping, yet Bahrain is lacking the full utilization of the tertiary treated 
wastewater which waste a renewable source of water under the scarce water conditions in Bahrain. This 
research provides full details on the wastewater system in Bahrain (collection, treatment and reuse) including 
the legislative and institutional framework in order to show the legislative, institutional and operational gaps in 
the wastewater system and suggest solutions to overcome the deficiencies in managing the treated wastewater. 
It was suggested in this research to prepare a treated wastewater reuse safety plan to help mitigate any future 
problems related to the reuse. In addition to that it was suggested to have a treated wastewater management 
unit to manage the full treated wastewater reuse in agricultural and landscape irrigation, industrial uses and 
Managed Aquifer Recharge 
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The average per capita freshwater availability in Egypt has been steadily declining from about 1,893 m3 per year 
in 1959 to about 900 m3 in 2000 and 700 m3 in 2012. This puts the country below the World Bank’s water scarcity 
threshold of 1,000 m³ of renewable water available per capita per year. Per capita water availability is expected 
to continue dropping to 505 m3 by 2025, below the international water poverty limit. According to the 
government, Egypt’s population is predicted to reach about 110 million by the year 2025, further increasing the 
competition for water. Developments in Sudan, Ethiopia and other riparian countries could impact water 
availability to Egypt. The main goal of this study is to assess the current and future challenges of water resources 
in Egypt. Economic growth is also threatening the quantity and quality of Egypt’s water resources, exacerbating 
the existing issue of shallow groundwater contamination from industrial chemicals and excessive fertilizer and 
pesticide use. In addition, farmers still overwhelmingly practise inefficient flood irrigation, which results in 
evaporative loss and over-irrigation, causing soil damage and rises in groundwater tables. According to the 
Ministry of Water Resources and Irrigation, Egypt already uses 127 percent of its water resources and needs 
20% more water by 2025. This means that 27% of the water used is imported via food and other products (virtual 
water), and this could rise to 47% by 2025. 
 
The United Nations predicts that Egypt could be water scarce by 2025. Assuming continued population growth 
and taking into account the land reclamation projects in the desert and the fact that more than 50% of the 
cereals consumed are already imported, Egypt cannot meet its food demand by relying on Nile water for 
irrigation. Adding to this precarious situation, surface water evaporation in Lake Nasser is thought to exceed the 
earlier estimated amount. The current average evaporation rate is 7 mm and it is expected to be 7.3 mm by 
2050. In other words, Egypt is already utilizing most of the Nile’s flow, and it plans to use even more. According 
to the Ministry of Water Resources and Irrigation, there is a deficit in the national water budget of more than 
20 BCM per year.  In addition, Egypt is affected by climate change, which is impacting the entire Nile basin. 
Economic developments in upstream countries and measures they might take to adapt to climate change are 
likely to put more pressure on water resources in Egypt. Several studies have shown that the Nile is highly 
sensitive to temperature and precipitation changes, mainly because of its low runoff/rainfall ratio (4%). 
 
To overcome the shortage, the government relies on water reuse techniques, particularly for irrigation. 
Currently, 10% of irrigation water is reclaimed agricultural drainage water. Reused wastewater amounted to 2 
BCM in 2017. The government plans to upgrade the existing secondary wastewater treatment plants to save a 
total of 11.67 BCM water through tertiary wastewater treatment and reuse. However, the technologies used in 
these plants are energy-intensive and not always appropriate in developing countries due to social and 
economic issues. Reusing of wastewater for domestic uses is likely not acceptable by local users in Egypt, let 
alone for using it for drinking purposes. Moreover, these treatment techniques are not economic. Furthermore, 
improper treatment and reuse of poor quality treated water can lead to soil pollution as well as surface water 
and groundwater contamination. The government recently committed to extend the use of natural methods 
such as wetland and soil aquifer treatment techniques, which are known to be highly efficient and cost effective. 
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In Saudi Arabia, the agriculture sector consumes around 88 percent of water, while it accounts for only 2.33 
percent of GDP. Irrigation water is used inefficiently, mainly through traditional flooding and furrow irrigation 
techniques. The Saudi Government provides generous subsidies to the agricultural sector to increase self-
sufficiency levels in certain commodities. Since 2000, the Saudi government has encouraged efficient irrigation 
water use by providing incentives for the use of water-saving technologies such as drip irrigation and soil 
moisture sensing equipment. In contrast, Saudi Arabia has not implemented tariff policies to ration the use of 
irrigation water. Low-cost recovery and a rapidly growing population, water subsidies became a weighty burden 
on the government. The research depends on published and unpublished data issued by Saudi Irrigation 
Organization (SIO), World Bank reports, Food and Agriculture Organization of the United Nations (FAO), and 
other related publications. According to the document analysis results, SIO needs to take gradual steps in 
applying a cost recovery scheme. Raising the awareness of farmers about the benefit of such a scheme should 
be the first phase. Another careful consideration is when and how to apply this scheme. Literature suggests that 
partial cost recovery is typical and an excellent starting point. The cost recovery system should be transparent 
so that the government can identify needed subsidies. The high management level of SIO would benefit from 
working with the Saudi National Water company, providing water for the domestic sector, and learning from 
their experience in this field. Also, SIO needs to create cost centers across its branches, thus enabling SIO to 
calculate the specific costs related to its O&M and capital investment to determine the right ratio of cost 
recovery. Finally, and since it is not a profit-generating public institute, SIO may consider doing more research 
on its intangible benefits to the government, society, economy, and environment to justify the required funds 
for its irrigation projects. These research projects will support SIO to continue playing its role and enable Saudi 
Arabia to modernize the agricultural sector. 
 
 
 

mailto:amjadalmajed@hotmail.com


P a g e  | 111 

 

Developing Water Management Model for Jazan Dam Irrigation Project 
 

Mohammad Zaid Ali Abuhaid 
e-mail: mohammed@abuhaid.com 
 
 
 
 
 
Supervised by 
Prof. Alaa El-Sadek 
Dr. Abdelhadi Adbelwahab 

 

 
In the past, it has been the practice to use flood water in a pond irrigation system by setting up earth or stone 
barriers to retain water. Rainfall and transfer to farmers' land is a primitive method that helps to saturate the 
land and water storage so that it can be cultivated later. Except if floods often come overwhelmed by roadblocks 
and water goes to the sea. Water often floods the land so that it cannot be cultivated. Accordingly, the dam was 
built in 1970 to alleviate the floods and hold them in the dam basin to prevent their danger from life and 
property. In addition to controlling the stored water and drain it according to the needs of agriculture and 
irrigation to develop the region and grow agricultural and social. As a result of the Dam Construction, the land 
of the area, especially the coastal plain extending along the Red Sea, consisting of dredged silt with water to 
fertile agricultural land is not threatened by the flood and gives two crops per year. The following Map-1 shows 
where Jazan Dam is located with deferent scales. 
 
This research sheds light on the existing irrigation project in the Jazan Valley Dam area and the water demand 
of the three agricultural areas that have the right to benefit from the water produced from the dam. Flood 
irrigation method is used in these areas in separate seasons throughout the year. The research will discuss ways 
to create a plan for supply and demand of water in the aforementioned areas. To enable the General 
Organization for Irrigation to properly have clear overview on the water needs for the agricultural areas under 
this study and determine the quantities required throughout the year. This study discusses the available water 
sources and their ability to provide the required quantities, taking into account there are three main crops 
planted in these areas. 
 
In this research, it is seen how useful a simple tool can predict the water demand for specific region. Water 
demand estimation for irrigation project can help which crops could withstand available water quantities. It also 
helps the decision maker which crops should be planted based on the available parameters related to climate, 
water resources. By defining the water demand during the year, peak demands could be identified and action 
plan could be set properly. Even though, it cascade down to the maintenance plan for any infrastructure and 
when it should be isolated for maintenance. It is shown how presence of supply/demand plan can help SIO to 
take inconsideration the emergency supply when it should be available.  
 
To make supply/demand estimation more accurate, several parameters need to be taken in consideration 
studying the soil types, water salinity and other parameters. Several parameters in this research. Linkage to 
Geographical Information System (GIS) and Supervisory Control and Data Acquisition (SCADA) would even make 
the benefit more. Supply/Demand plan can even be cascaded to a scale of the farm itself. Also it can be 
automated in dashboard to let the farmers update their crops selected to have an instantaneous update in the 
water supply plan. 
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Water harvesting projects in Sudan are essential for providing water to remote areas far from the Nile River. 
The use of these techniques in watersheds has consequences on the downstream and upper stream areas 
depending on the location and type of project or technique used. The use of dams, for example, have its 
observed consequences on the stream course and have a direct influence on the up and downstream areas of 
watershed users. So the integrated study of the areas in terms of its potential for different possible uses and 
techniques provides a handy tool for informed-decision-making. But the field study of watersheds is very 
expensive and may not be possible or feasible when it comes to water harvesting projects. However, using 
remote sensing technology and GIS programs make it possible to characterize water and agricultural potentials 
regarding suitable locations for water harvesting projects. In this study, a map has been drawn up to determine 
the appropriate locations for water harvesting projects in khor Arbaat based on; slope information, rainfall and 
surface runoff information as well as information on vegetation cover and different land uses. Two detailed 
maps have been prepared, the first map is showing the optimal possible locations for water harvesting projects 
for domestic uses while the other one is showing the optimal possible locations for water harvesting projects 
for agricultural uses. The difference between these two maps is the type of soil where the preferred soil in the 
first map is the clay soil because water harvesting techniques for domestic uses depend on storing water in 
reservoirs locally known as “Hafirs”. In the second map, the water harvesting techniques for agriculture uses 
depend on good infiltration rate therefore, the sandy clay soil is preferred. Provision of such information in 
ungauged watersheds with scarce data on rainfall, soil and land use is substantially helpful in reflecting the 
possibilities and potentials available for informed decision-making and contributing towards better and 
comprehensive integrated management of watersheds. 
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Water losses are one of the main challenges water utilities are facing and striving to reduce to their minimum 
economic levels. This research presents the international best practice for reducing water losses in the water 
supply distribution network and the relevant indicators used to describe the water system conveyance 
efficiency. It describes the water system components and how the water is flowing and distributed in such 
system. Then, it presents the strategy, programs and activities carried out by Diam in the Dhakhliya Governorate 
for water losses reduction. Diam has made major investments in its water supply infrastructure in order to 
monitor and assess the water system. In addition, Diam has developed its staff competency and skills to address 
the issue of water losses through establishing a leak detection team and a support team, which continuously 
conduct system analysis and evaluation. The study demonstrated that Diam efforts were effective in reducing 
the percentage of water losses, where all water loss indicators have shown improvements, despite the rapid 
increase of the number of consumers and the volumes of supplied water It is  concluded that the combination 
of loss reduction programs and activities is required and essential to achieve significant reduction in water losses 
in the network, since these programs and activities are interrelated and are overlapping with potential synergies 
and enforcement among each other. In order to further improve water losses reduction it is recommended that 
Diam maintains its investment in the distribution network infrastructure, with special emphasis on establishing 
DMAs and human resource capacity development, in addition to strengthening its NRW data recording and 
documentation. 
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Safe and readily available water is important for public health, whether it is used for drinking, domestic use, 
food production or recreational purposes. Safe drinking water is essential for human health and socio-economic 
development. The United Nations considers universal access to clean water a basic human right and an essential 
step towards improving living standards worldwide; Sustainable Development Goal  6.1 calls for achieving 
universal and equitable access to safe and affordable drinking water for all by 2030. In other words, water supply 
from production (desalination plants/groundwater wellfields), through transmission and distribution, and 
eventually to consumers' household have to be protected from any potential pollution rendering it unsafe for 
consumption. Such approaches are called “Water Safety Plans (WSPs)”. The aim of a WSP is “to consistently 
ensure the safety and acceptability of a drinking water supply”. The main objective of this study is characterizing 
the water supply system in the Kingdom of Bahrain, identifying its major hazards and hazardous events and 
present a road map and recommendations to policy and decision makers on the formulation of a national water 
safety plan for the Kingdom of Bahrain. The study followed the methodology and procedures provided by the 
“Water Safety Plan Manual: step-by-step risk management for drinking water suppliers”, developed by the WHO 
and IWA in 2009. Strong effort and initiatives took place by Electricity and water authority in coordination with 
Arabian Gulf University and related water utilities and agencies, such as the Ministry of Health, SCE, Civil 
Defense, and Agricultural Engineering and Water resources to prepare in-house WSP based internal resources 
and Engineers who have been trained by WHO expert on how to build WSP on international standards. Some 
gaps were discovered during this study where some measures need to be implemented in the current system 
for example early detection of the nuclear radiation in sea water and heavy metal contamination. Last three 
modules of WSP could not be covered during this study due to time frame of these Diploma. More effort is 
expected to complete the roadmap for developing Water Safety Plan for Drinking Water in Kingdom of Bahrain 
by preparing managements procedures, developing supporting programs and finally review the WSP regularly 
and follow up the incidents 
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This study aims to evaluate the electrical energy consumption during the wastewater treatment at the Kingdom 
of Bahrain. It focuses on the electricity consumption of the pumps in the Tertiary Treatment Plant in Tubli Water 
Pollution Control. The study determines the power factors according to the technical specifications of the 

pumps. In addition to that, FLUKE 434 Series Ⅱ Energy Analyzer was used to measure the active, reactive, and 
apparent powers as well as the power factors. The results showed high amount of energy losses due to low 
power factors which resulted in relatively high reactive power demand. The study concluded that the capacitor 
bank technology can reduce the severity of the reactive power problem. 
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The Kingdom of Bahrain has been experiencing rapid economic growth which is associated by high rates of 
urbanization and population growth as well as water demands. To meet municipal water demands under its 
limited natural resources, the Kingdom has resorted to desalination, which is associated with considerable 
economic, financial and environmental costs. The research aimed to assess the sustainability of the current 
municipal water management system in the Kingdom of Bahrain, by identifying its main challenges and their 
causes, and investigate future practical management interventions to minimize the demand-supply gap on long-
term basis. To achieve that, a dynamic model for the municipal water system has been developed by using WEAP 
program and used in estimating the quantities of supply and demand for the period 2019-2035 under the 
assumption of continuing the current management approach and conditions, which emphasis supply-side 
management (Reference Scenario). Then the model was used to measure the effectiveness of some 
administrative interventions to reduce the costs based on the strategic targets of the GCC Unified Water Strategy 
2035. The modeling results indicated that by the year 2035: 1) Reducing per capita water consumption to 91 
m3/year will lower the supply by 91.2 Mm3; 2) Reducing leakages in the water network to 10% will lower the 
supply by 63.375 Mm3; and 3) Applying both interventions at the same time will lower the supply by 116.025 
Mm3. Therefore, there is a large potential to save water and energy and their associated economic and financial 
costs, and to reduce negative environmental impacts of the water sector by shifting towards these demand 
management and efficiency options to complement the current supply-side management approach. It is 
recommended that this work is further developed using stochastic modeling approach to address the 
uncertainties in future population growth, per capita water consumption, leakage percentage, and to model the 
seasonal variations of the water system. 
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The demand for freshwater has been a major issue in Kuwait.  Desalination techniques have contributed to 
solving the shortage problem by producing fresh water from the sea or ocean water resources. Hence, 
desalinated seawater technology has been mainly employed as an important alternative source of clean water 
to supply water for domestic and industrial regions. Desalination plants could have many negative impacts on 
the surrounding environment.  The main impact is surrounding the outfall brine rejected because of its physical 
and chemical features. Desalination of seawater in Kuwait has been given high priority as a source of potable 
water. Water demand is escalating at a rapid rate under the increasing population pressure and rise in the 
standard of living. Kuwait is adopted on the burning of fossil fuel to desalinate water which produces a huge 
amount of GHG emissions that affect air pollution and contribute to global warming. Furthermore, the high 
salinity and temperature discharge of the desalination plant outfall which changes the water quality and causes 
many impacts for both biota and a biota. This Research reviews comparison between MSF and RO desalination 
technologies, environmental impacts, energy consumption, cost and abatement of impact in Kuwait. The results 
show that the concentration of RO brine is much than in MSF brine whereas the temperature of MSF brine is 
very high comparing to RO brine temperature which is in the same range of ambient water temperature. On the 
other hand, the energy costs are extremely different of the two desalination methods. The capital investment 
and energy cost are the main two factors affecting the cost of the desalination technology, while other factors 
such as operation and maintenance cost are nearly at a fixed rate. The two main factors affecting the 
desalination technology are capital investment and energy cost. In fact, the most cost-effective technique is 
reverse osmosis while is used for smaller unit size. Furthermore, the cost of RO technology has steadily 
decreased with time. In addition, MSF consumes more energy than RO as thermal and electrical energy. 
Consequently, the GHG emissions of the MSF is much higher than RO. To avoid and mitigate environmental 
impact there are many tools and approaches such as, environmental impact assessment, switching to renewable 
energy as an energy source of the desalination processes. However, the desalination situation in Kuwait is more 
complicated than other regions in the world due to the freshwater scarcity, availability of fossil fuel and the lack 
of renewable energy technologies, so that the switching to renewable energy in desalination sector will take 
more decades and efforts.  
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المتجايا  اتقع   ات رب ة  المتنو ةا  و مائي اتيسرري   ي اتسابل ات رقي من  وتة الامائاز  ات  ون والأ فع  اة بل ة وو ري  باتب  ة  تمتا  

 تغنى تنو ةا اة  وي وو ري ما تقام  من خاماز  اتطب   ة  ات  ون وات ناب عا وت تبر  واتب  از اتطب   ة
ح
. عبا عذد ذه  اتب  از تظرا

خلل في اتنظد  ابااا  تاذوئ اتب  ة و المي  اة، فإ الموائ  المات ة  و   ي ا ا  ات اةا من الأل طة ات  ر ة واتتنمو ة بإوئي مطر وتقا ع ى  

مائي اتيسرري تلت رف   ي الأةباا المبايري ويرر  اتلموئ  المائح اة وفي في    متوامل  اتائاةة المي اجراء تق  د ب ئح ذه   ت اف    اتب ئ ة.  

اتتح ةتد اتق ا  ب ا  اتيسرري    ب مائيتس اةاز اةناصة  واوالاةتسابة  ا  ائذا اتسلب ةآثو   ا اتتح ت الح من ا  ازواتبغوط  بايري تةه  اة اتةالم

  اتنظد  ا ر اةتو ا  تد تجاةا اة ةاز المسؤوتة  ن ا ائي الموئ  المائح اتطب عي وعذد الأل طة اتتح تقو  ب ات  ا من تاذوئذاا مما  

في   المنتلية  الإلسان. ااتب ئ ة  تر اذ ة  تقامةا  اتتح  واةناماز  اتيسرري  عت     مائي  اتائاةة  ب نلم  اتت ري از وتقا  وجو   من  باتريد 

تد تول اذتما  مباير من ابل  و الا عت  لا ةوجا برام  بماةة ومبا ئاز وتق  د تلم ا  اة و  ة    ااةناصة بجماةة الموئ  المائح اة وفي

اتطب عيا ومهت   ا  وجو  جةة مخإإة لإ ائي الموئ  المائح اة وفي الم ن ة بجماةة ذها الموئ   اتجرت ا  و   االمؤةساز   ا  مياةة 

تت  من اتقوى  وتقا    .نبرازب اتاز والم لوماز واةمن خفل  ا  تبا ل اتالمنتلية  لت اون واتتنس ق برن اتقطا از  المؤةس ح المطلوا ت

بر ذا اتخيا  منسوا الماء اة وفيا وتااخل الم ا  الماة ة في اتطبقاز   ز المي ات اةا من الم ا لا عع  اي  غوط    اتاا  ة/الم رمة

ا مما وجا لمي   ا ي الاة، فإااتبغوط ات  ر ة اتناجمة  ن اتي ا ي اتسوات ة واتتوةع اة بري  تقا ع ز  و .  اتسي ي تلم ا  اة و  ة

مجر    1000بوالمي يس، ل    قي مإنع الاةمنلموجا عن  ب ع تمثل عذد الأةباا في تاذوئ باتة الموئ  المائحا  عن الأل طة اتإنا  ة

 ة ت  وذو مستمر  تد م ر ة لت  من خفل   ائي م ااتاز تق اا الاة، فإا   اا   وجو  باون  و تد اةتغفل ذه  الم ا     امك ا ةوم ا

واا تد اةنروع    لموئ  المائح.  ائي ااة ةاز المسؤوتة  ن  از الإ ائ ة تاى انبر . وي رر لت  المي  ا  مياةة اة  وا عفي لت  منه خمس  

تنظ د   المي  ت اف  تلس اةاز  اة وفيابمقجر   المائح  الموئ   عذمةا   ائي  وات ناب ع مجم  ا من  ات  ون  مناطق  وواف ا  طب   ةاز  ا فن 

اتووائا اتناجمة  ن اتس ول    باوا  الا تبائ ابتمالمع الاخه ب  وت اةل اتقرائاز اةناصة بالموائ  المات ة اتطب   ةا  اتس ا اة اتر

الم لوماز اة غرا  ة  تظدو   الم ا  اة و  ة واتنمالع اتر ا  ة لم ا اي  واةتخاا  اتتقن از اة اةثة  ا  تغرر المناخعس ا ظاذري  والامطائ  

 . اوئ ة و مل س ل خاص ةق د ص ة الموئ  المائح اة وفياتراابة الم ن ع اا والاتجزا  ب  والاةت  ائ
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Eighth Batch Students 
 

No. Name Country Project Title 

1 Aishah Abdulla Al-Yammahi UAE 
Integrated Modeling and Future Water Scenarios of the Ham 

Watershed in UAE using WEAP 

2 Ali Mohamed Al-Shaikh Bahrain 
Evaluating Pricing Policy and Tariff of the Municipal Water Supply in 

the Kingdom of Bahrain 

3 Batool Mohammed Al-A’ali Bahrain 
Sludge Management in Bahrain: A Preliminary Investigation on the 

Potential Uses and Safe Disposal 

4 Esraa M Elhasan Mohammed Sudan 

Identifying and Mapping Areas Susceptible to Flood and Flooding Risk 

using Weighted-Flash Flood Potential Index –WFFPI, Case Study: 

Khartoum, Sudan 

5 Fadhel Abbas Ebrahim Bahrain 
Maximizing Product Water Recovery of Ras Abu Jarjur RO 

Desalination Plant: Technical, Economic and Environmental Viabilities 

6 Feras Fahad Al-Mansour Saudi Arabia 
Managing Treated Wastewater Reuse in All Sectors (Agricultural, 

Industrial, and Municipal) in Saudi Arabia: Setting the Priorities 

7 Hamed B. Al-Mazidi Kuwait 
Treating and Utilizing Second Generation of Wastewater from 

Sulaibiya Wastewater Treatment & Reclamation Plant (SWWT&RP) 

8 Hani Hussain Al-Khalifa Saudi Arabia 
Management of Produced Water in the GCC Countries– A Review of 

Best Practices (Technical, Economics, and Environmental Perspectives) 

9 Nada Abdul-Ghani Al-Hawaj Bahrain 
Exploring the Potential of Adopting Smart Water Quality Monitoring 

in Municipal Water in the Kingdom of Bahrain  

10 Naser Salem Al-Katheeri  UAE 
Mapping Flash Flash Potential using GIS and the Flash Flood Potential 

Index (FFPI) in Ras AlKhaima, UAE 

11 Saleh Mohammad Al-Ammach  Bahrain 
The Utilization of Solar Electricity from the Vertical Installed Solar PV 

Panels on the Energy Storage Tank at Sitra for Water Cycle Production 

12 Sami Ismael Marhoon Bahrain 
تق  د مستوى الإ ائي المستاامة تلم ا  اة و  ة في مملكة اتبجر ن باةتخاا   

 اطائ اتبن  اتاولمي 

13 Sarah Thamer Al-Dawood Iraq 
Impact of the Institutional Framework on Water Resources 

Management: The Case of Iraq, 1990-2020 

14 Sharifa Abdullah Al-Shehhi Oman 
Evaluating the Potential of Greywater Reuse in the Sultanate of Oman, 

Case study Musandam Governorate 

15 Sufyan Mohammed Bouday Saudi Arabia 
 في اتيئا ة في منطقة 

ح
و ع خطة ا ائي ب ئ ة لاةتخاا  الم ا  الم اة ة ثفث ا

 الأبساء بالمملكة ات رب ة اتس و ةة

16 Yasir Said AL-Saadi  Oman 
Assessment of the Sustainability of Water Management System in the 

Sultanate of Oman: A Case Study of Al-Batha Basin 

17 Yasmin Chukri Malla  Syria 
ا ائي الأبوا  اة يت ة في اتسابل اتسوئيا بو  ن ر اتغمقة برن مقجرحي  

 ال اء ةا ئت س عو مسمو ة ةااز بإا  مائح 
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Integrated modeling and future water scenarios of the Ham watershed in UAE using WEAP 
 

Aisha Abdulla Al-Yamahi  

Email: aishah.alyammahi@moei.gov.ae 

 

 

 

 

Supervised by 

Prof. Waleed Al-Zubari 
 

 

Fujairah City is located in the outlet of Wadi Ham that overly dependent on groundwater to satisfy the demands for various 

uses. Groundwater resources are being used to meet the demands for various uses including domestic sector. Over time, the 

rate of groundwater consumption has outpaced its natural recharge, resulting in its severe depletion and subsequently 

groundwater quality deterioration due to saltwater intrusion. This research attempt to develop a mathematical dynamic model 

that integrates all water resources and uses in Wadi Ham watershed and simulate their interaction, investigate future demands, 

and provide alternative management solutions to preserve groundwater. Wadi Ham’s case study is considered as a 

representative for the UAE eastern watersheds. The descriptive analytical approach was used to assess the current water 

conditions and identify its main problems and challenges, and then to define appropriate management actions that can 

enhance the sustainability of the water sector in serving the Wadi Ham future development needs by integrating all water uses 

and water resources and simulating their interaction. The model is based on data collected in 2020 from various water-related 

agencies in the emirates of Fujairah (water resources sector, desalinated water sector, wastewater treatment sector). These 

data and information were analyzed and processed in an appropriate manner, which is compatible with the mathematical 

simulation program (WEAP). The results indicate that the current conditions for managing water resources in the Wadi Ham is 

unsustainable due to the focus on the supply side management approach. Two plausible strategic management alternatives 

are suggested and simulated: increasing the collection and treatment rates of wastewater and reusing treated wastewater in 

agriculture to replace groundwater. The results indicated that future generated treated wastewater, if utilized effectively in 

agriculture, could help in reducing groundwater deficit. It is recommended that a priority and focus should be given to the 

wastewater sector in terms of treatment through increasing wastewater collection and utilization in the agricultural sector, 

which will not only help in reducing groundwater deficit, but will also minimize a wide range of problems, including pollution 

and adopting to drought conditions. 

 

Keywords: Groundwater depletion, Saltwater Intrusion, Dynamic model, wastewater treatment.  
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Evaluating Pricing Policy and Tariff of the Municipal Water Supply in the Kingdom of Bahrain 
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Bahrain is among the most water scarce countries and its groundwater resources are deteriorated. To meet escalating water 

requirements for its rapidly growing population and escalating urbanization, it relies on desalination. Water desalination is relatively 

an expensive process, energy-intensive, and is associated with many negative environmental externalities. Therefore, it is essential 

to use this water in a rational and optimum manner to minimize its costs through employing all possible water conservation policies. 

One of the effective policy instruments is pricing, and a well-designed domestic water tariff can be a powerful tool to achieve that 

goal. This research focuses on analyzing the water tariff of the subsidized domestic households sector, which forms the majority of 

the total water users. The research summarizes and presents water pricing theory, objectives, design criteria, and historical 

development of water tariffs in the Kingdom of Bahrain. It also addresses the issue of water pricing from a human rights perspective 

and the best practice on designing a water tariff to comply with it.  Then, the domestic water tariff is evaluated by considering four 

main criteria: a) Revenue Sufficiency; b) Economic Efficiency; c) Environmental Sustainability; and d) Social Concerns. The main 

research findings reveal that Bahrain faces a challenge in terms of Revenue Sufficiency since the subsidized domestic households 

form around 70% of the total users, combined with the rapidly increasing population, which results in a significant financial burden. 

Furthermore, in terms of Economic Efficiency, the current tariff system is relatively low-priced compared to the Per Capita GDP and 

also in comparison to other GCC and Arab countries; hence, it needs to be modified to be more effective in discouraging wasteful 

use of water. Two alternatives to the current water tariff system are presented which are more effective in achieving cost recovery, 

limiting wasteful use of water, more environmentally sustainable, and socially acceptable. The first alternative is to modify the 

current three-block water tariff system by minimizing the block sizes and adding a fourth block that imposes the total marginal cost. 

The second proposed alternative is a Unified Priced Tariff with Rebate (UPR), which charges a uniform rate and deducts a flexible 

subsidy amount based on the household size. This study recommends that the subsidy amount can be adjusted according to the 

ideal per capita consumption based on Bahrain socio-economic and cultural conditions, the cost recovery level of each tariff 

structure, the optimum balance between cost recovery, costumer ability to pay, and conservation encouragement, and that a more 

thorough in-depth comparison of the proposed tariff systems to be conducted in order to select the best option. 
 

Keywords: Revenue Sufficiency, Cost Recovery, Human Right in Water, Tariff Subsidy, Water Conservation, Block Tariff, Unified Priced 

Tariff with Rebate (UPR). 
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Sludge Management in Bahrain: A Preliminary Investigation on the Potential Uses and Safe Disposal 
 

Batool Mohammed Al-A’ali 

Email: bmhalaali@hotmail.com 

 

 

 

Supervised by 

Dr. Abelhadi Abdelwahab 

Dr. Sumaya Yousef 
 

 

Although the Bahrain’s government is adopting the sustainability and zero waste approach, the increasing improvement of 

Waste Water Treatment Plants (WWTPs), owing to urbanization, is resulting in production of higher amounts of sewage sludge 

(SS) that is becoming a serious environmental problem. Assessing the current disposal mechanisms and investigating the 

opportunities of beneficial use of SS is considered vital for any Integrated Water Resources Management program. In this study, 

the national and international standards were studied and a general overview of using SS internationally for beneficial uses 

was addressed from previous studies. A field experiment was conducted in pots where SS is mixed with soil in the ratios of 0, 

1, 2.5 and 5.0% by weight in a completely randomized manner with 3 replications. The used SS was produced from Tubli Water 

Pollution Control Centre (TWPCC). The experiment was conducted in a greenhouse during the harshest summer month of July 

2021 using the common purslane vegetable as a test crop. The goal was to assess the contents of heavy metals in purslane 

leaves in addition to general observations on development of seedlings. The SS produced from TWPCC is class A, and in most 

of the tested parameters, is within exceptional quality (EQ) according to the EPA part 503. The results indicated that there was 

no correlation between heavy metals concentration in the plant and the SS ratios applied. The study suggested that, 

considering the short duration and the limitation of the timing of experiment, further detailed and continuous long-term 

experiment on different types of crops and vegetables should be undertaken to fully understand the potential and limitations 

of using Bahrain’s Municipal SS for agricultural production. Other methods of disposals must also be tested instead of the 

current landfilling due to the severe area limitation at Askar’s landfill. 

 

Keywords: Sewage, Fertilizer, Sludge disposal, Sludge treatment, Sludge uses, Sustainable management. 
 

  

mailto:bmhalaali@hotmail.com


P a g e  | 124 

 

Identifying and Mapping Areas Susceptible to Flood and Flooding Risk using Flash Flood Potential Index – 

FFPI, Khartoum, Sudan 
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Supervised by 

Dr. Sabah AlJenaid 
 

 

Flash floods are catastrophic natural disasters. Flash flood potential index (FFPI) is used to study and analyze the impacts of heavy 

rain on different areas. This study investigates the relationship between the heavy-rain overflow factor and the physical and spatial 

characteristics of the Khartoum state area. The spatial analysis utilizes remote sensing data on the digital elevation model (DEM), 

slope, soil texture type, land use land cover (LULC), and vegetation cover in the GIS environment. The FFPI index is computed using 

raster data, which is used to split the study area into cells (30X30 meters), then evaluated, categorized, and calculated using GIS 

technology. The physical and empirical relationships between the criteria were used to create an index to enable decision-makers 

and urban planners in cities exposed to flash floods to identify the foremost natural and human factors for the increased level of 

flash flood risks in the capital of Sudan Khartoum. Each criterion (Index) was classified from 1 to 10 by identifying their levels based 

on the Flash Flood Potential Index (FFPI) model. The Final FFPI map of the Khartoum area was divided into five threatened classes 

based on their susceptibility to high floods, (v. high, high, medium, low and v. low). The v. high susceptible area class is about 

3590.82 km2, the high-class area is mound to about 9869.64 km2, the medium is 7917.24 km2, the low and v. low is mound to 

about 190.57 km2 and 573.73 km2. The study indicated that the impact rate in the state of Khartoum amounted to 13460.46 square 

km, which is equivalent to 61% of the area of the state, the high affected areas equal 9869.64 km2 , Which represents 45% of the 

state area , wile the very high affected areas equal 3590.82 km2 , which presents 16% of the state area , and the localities of East 

Nile, Umm Bedda, and Khartoum North were the most affected, the results showed that the level of damage in the state was divided 

into very high, high, medium, low, and very low. The study recommended the need to develop a database for flood damage and the 

need to develop an early warning system for floods with the integration of the response and preparedness system for floods. The 

index map explains the environmental and natural factors that affect Khartoum's flash flood phenomena. In addition, the index 

map explained the factors that cause the catastrophic effects of flash floods. Many artificial wrong practices must be paid attention 

to, and physical and geographical investigations must be conducted before developing urban areas, in addition to the need for urban 

planners to be aware of the risks of destructive construction within the natural paths of temporary watercourses. Therefore, the 

spatial distribution of FFPI values provides a good starting point for flood risk management and the possibility of implementing 

prevention and protection measures in Khartoum state. 
 

Keywords: Digital Elevation Model (DEM), Geographical Information System (GIS), Classification, Land use-land cover, soil types. 
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Maximizing Product Water Recovery of Ras Abu Jarjur RO Desalination Plant: Technical, Economic and 

Environmental Viabilities 
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The kingdom of Bahrain like other Arabian Gulf states suffers from severe shortage of freshwater resources. The country 

therefore relies mainly on water desalination to cope with its increasing municipal water demand. One of the desalination 

plants in Bahrain is the Ras Abu Jarjur RO Plant. The plant is fed from highly brackish groundwater with TDS of 13,000 ppm 

known as Umm Er Radhuma aquifer. The water in this aquifer is non-renewable and had suffered over the past years a sharp 

and continuous level declination. This study aims to sustain the use of this vital water resource and explore the technical, 

economic and environmental viabilities of using the reject water from the RO process to increase the plant water production. 

Two methodologies were used: computer simulation using Toray DS2 software followed by 8 months pilot plant testing. 

Taking advantages of the new generation of spiral wound RO membranes, two approaches were investigated: direct recovery 

increase and reject re-desalination using a second pass. The results reveal that the water recovery rate at Ras Abu Jarjur plant 

could be safely increased from 70 to 78% while remaining reject water could be re-desalinated at recovery of 39.5%. Adopting 

both approaches will increase the plant capacity by 25% and will add 4 MIGPD of product water totaling plant production to 

20 MIGPD. Economically, a CAPEX saving of approximately BD 7.6 million could be achieved as no expansion will be needed 

in plant intake and pretreatment. Likewise, the OPEX, driven by reduction of specific energy consumption, was remarkably 

reduced from BD 0.25 to BD 0.172/m3. It was marginally increased to BD 0.180/m3 with the increase of recovery rate. From 

the environmental perspective, the results confirmed that using reject water to increase the plant production have no 

additional impact on the marine environment. The study recommends changing the RO membranes to energy efficient type 

and adopt increasing the recovery rate to 78% in the main plant. It also recommends carrying out pilot testing for reject water 

re-desalination to confirm its viability and implement the same once approved. 
 

Keywords:  Reject Water, Specific Energy Consumption, Concentration Factor, CAPEX, OPEX. 
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This research discusses a long-standing issue with water resource management in the Kingdom of Saudi Arabia (KSA) as the 

population grows and water demand increases. Due to the increasing urbanization in the KSA, the government has intensively 

invested in desalination plants and sewage treatment plants (STP) to meet the high demand. The National Transformation 

Program (NTP) aims at reducing reliance on nonrenewable groundwater resources and to achieving 70% treated wastewater 

effluent (TSE) reuse by 2030, which has driven the Government of Saudi Arabia to consider reusing TSE in irrigation, power 

generating, manufacturing, street cleaning, and urban reforestation to avoid aquifers depletion and increase the return on 

investment in STP. However, it is challenging to manage the proportion of water sources that maximize environmental 

protection and returns on investment. Previous studies related to TSE reuse and sewage treatment revealed that merging multi-

criteria analysis and geographical information system data is significantly accurate along with other parameters (Zagonari & 

Rossi, 2020). Other studies found that country’s social and economic factors impact wastewater management efforts (Vincent 

et al., 2017). This study focuses on determining how KSA can overcome the high demand on TSE, as an alternative water 

resource, by applying a multi-criteria decision-making procedure (MCDM) to define the priority. This study analyzed the 

abovementioned sectors in terms of usage types by applying Analytical Hierarchy Process (AHP) based on the pairwise 

comparison. The research found that agriculture is the best alternative. The research concludes that, although several risks 

associate with treated wastewater, balancing its environmental and social effects alongside economic aspects can ease 

acceptance of the available alternatives. The study recommends that future studies use lower level of criteria and involve more 

stakeholders. A cost-benefit analysis is a must for more accurate and comprehensive details on water scarcity, uses, and return 

on investment. 
 

Keywords: Analytical Hierarchy Process, Multi-criteria Decision-Making, TSE reuse priority, Water Resources Management. 
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Treating and Utilizing Second Generation of Wastewater from Sulaibiya Wastewater Treatment & 

Reclamation Plant (SWWT&RP) 
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Prof. Waleed Al-Zubari   
 

Low salinity water and brackish groundwater are valuable “drought-proof” resources that are plentiful in much of Kuwait. The Sulaibiya 

Wastewater and Reclamation Plant (SWWT&RP) is the largest reverse osmosis (RO) wastewater plant in the world, where its final product of 

advanced treated wastewater is currently limited to agricultural and landscaping irrigations. Considering reuse of the relatively low salinity 

rejected wastewater (Brine), which result from the quaternary advanced RO treatment, as source of water in Kuwait Oil Company (KOC) will 

reduce consumption of the expensive desalinated water and the depleted groundwater. However, this brine product is currently dumped in 

Kuwaiti seashore after primary treatment, and this has negative impacts on Kuwait marine life. Moreover, the KOC future water demand is 

expected to exceed 21 Million Imperial Gallon Per Day (excluding North Kuwait & drilling demand) taking into account that the Abdaliyah 

aquifer is the only productive field of low salinity water, which KOC has relied on since 1945 for industrial and other applications in the South 

East, West Kuwait and Ahmadi residence area. Therefore, exploring, evaluating and utilizing the available and sustainable low salinity water 

sources (tertiary and Quaternary treated wastewater, desalination of KOC effluent water, KOC wastewater and any other available source of 

low salinity water) could help KOC in resolving the water shortage problem. If these sources are used for non-potable purposes such as low 

salinity water injection, de-salters wash water, Enhanced Oil Recovery low salinity demand, drilling mud demand, firefighting systems and 

landscape irrigation, they will free up substantial amounts of Abdaliyah aquifer and other precious brackish water supplies that are currently 

dedicated to these uses and will eventually secure KOC future industrial water demand. Moreover, brackish water in South East Kuwait has 

been deteriorated by Hydrogen Sulfide (H2S), making it unsuitable for industrial application, and in North Kuwait the brackish water has also 

been deteriorated by high salinity water intrusion. The KOC realized that exploring other sources of low salinity water will be a wise decision, 

as part of its efforts to protect natural resources and secure its future low salinity water demands, and accordingly experimental trails to treat 

the RO reject stream Brine from SWWT&RP is being conducted. The objective of this study is to assess if this relatively low salinity rejected 

wastewater is suitable for KOC industrial applications by using the following treatment techniques: softening, multimedia filtration, RO, 

evaporation and deaeration. Samples and analysis were taken to measure different chemical and microbiological parameters of the treated 

effluent, such as (Total hardness, Silica, Total Dissolved Solids, Sulfate, Iron, Dissolved Oxygen and Total Suspended Solids). Results indicated 

that the reject stream is free of sulfates, carbonates, iron, bacteria, corrosive salts and oxygen, which means this water will not produce surface 

or sub-surface scaling if used in KOC installations, and due to absence of bacterial content, there will be no growth pf Sulfate Reducing Bacteria 

(SRB). Therefore, this reject water can be used as a sustainable water source for the KOC industrial applications. Treating of RO reject stream 

(Brine) not only would overcome KOC future industrial low salinity water demands, but it would also protect public health and the environment 

by preventing discharging this waste into surface water. It is recommended to apply this study on a full-scale implementation, as this would 

save significant amounts of water for industrial uses.  

 

Keywords: Wastewater, reclamation plant, low salinity, water, brackish water, reverse osmosis, water treatment, water reuse. 
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Produced water (PW) naturally exists in most oil and gas reservoirs and is by far the largest byproduct in the oil and gas industry. Its 

volumes and composition vary significantly by locations and over the lifetime of the reservoir development. Globally, hundreds of 

millions of barrels of contaminated water are produced with crude oil and gas. In the Middle East, about 40 million barrels of brine water 

is produced every day. Most of the oil and gas fields in the region have not reached advanced maturity and produced water percentages 

are still considered lower than in other regions. However, as the fields mature, increase in produced water production is unavoidable. 

With 60% of the world proven reserves present in the GCC region, the region will continue to be the main oil and gas producer in the 

future. This will be coupled with high local growth in population and development increasing local demands. These factors will accelerate 

the growth in production rates of oil and gas which is expected to significantly increase the volumes of produced water in the future.  

Management of produced water is one of the main challenges facing oil and gas industry. Produced water causes problems in the 

reservoir management phase, separation and handling phase and the disposal phase. It is contaminated with hydrocarbons, heavy metals 

and other chemicals, which makes it unfavorable resource. Most of the operators elects to use produced water as a mean to maintain 

reservoir pressure by returning it to the producing formations. However, with the expected increase in produced water volumes, 

produced water is expected to cause a sharp increase in operating costs. Effective management of produced water will help in controlling 

the increase in relevant costs. This research conducted a review of relevant published papers with a focus on the GCC region and 

performed a gap analysis to compare existing practices in the GCC with the international best practices. The research evaluated the 

decision-making process related to each strategy of common produced water management system. The main outcome of this research is 

that in GCC there are no shortage of technology utilization in the implementation of PW first and second strategies. PW is not widely 

considered for reuse since PW ratios are relatively low and most of the PW is recycled through injection for reservoir pressure 

maintenance with exception of Oman where PW ration is significantly higher. However, it was noticed that there is a limited integration 

in the implementation of the PW strategies. This research indicates that each of the three strategies are strongly interlinked with the other 

two strategies. For example, PW reduce strategy is typically implemented with limited attention given to its impact on surface facilities 

and the rest of the network. Likewise, PW quality is typically determined primarily based on receiving formation characteristics with 

limited attention given to total treatment and injection lifecycle costs and water treatment system costs. This research proposes to add a 

fourth strategy, Reassess, to enhance decision-making process toward total PW cost rather than individual strategy cost. Total PW cost 

can be reduced through the reassessment strategy.  
 

Keywords: Water Treatment, Water Control, Water Costs, Water Reuse, Water Technologies. 
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Safe water is becoming a scarce resource, due to the combined effects of increased population, pollution, and climate change and 

variability. Water quality monitoring is thus paramount, especially for drinking water. Traditionally used laboratory-based testing 

approaches are manual, costly, time consuming, and lack real-time feedback. Recently developed systems utilizing Information-and-

Communication Technology (ICT) and Internet-of-Things (IoT) are deploying variety of solutions for smart water quality monitoring, as 

a steppingstone towards having a smart water grid. To ensure the safe supply of drinking water, the quality needs to be monitored online 

in real time. The consequence of inadequate monitoring can result in substantial health risks, economic, and reputational costs. Therefore, 

this research aims to identify the main water quality parameters within the safe range of drinking water, review the current water quality 

monitoring system, explore the technologies deployed as use cases and others that have been adopted in a number of countries 

(Singapore and the USA (Ohio State)). The research is conducted based on literature review and interviews with representatives from 

Bahrain’s water utility to be able to customize an approach that is suitable for the municipal water distribution network in Bahrain. The 

main research findings are that smart water quality monitoring SWQM depends on a set of system components such as: sensing devices, 

sampling locations, communication solutions, data transmission characteristics, deployed topology, data processing, analysis 

approaches, data management, and energy consumption. Consequently, several preconditions must be met to achieve a solution that 

covers the distribution network, such as setting SWQM goals, performance objectives, current system functional review, robust design 

with broad scalability. It is recommended to investigate SWQM in more depth, perform pilot local studies, explore more case studies from 

countries with similar environment, and perform cost estimates as well as return on investment. Furthermore, comprehensive research 

shall be undertaken to establish guidelines that determine sampling locations, and to select the most suitable technology based on the 

existing and planned water distribution network. 
 

Keywords: SWQM; Water Parameters, Distribution Network, ICT solutions, Communication Technologies, Data Transmission, Data 

Collection, Data Management, Drinking water. 
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Flash flood is one of the massive natural disasters around the world. Flash flood potential index (FFPI) is used to determine the 

impact of storm rain in different locations based on hydrological response to the watersheds. The objectives of this study are 

to find the critical flooding areas in Sha'am Basin by analyzing geospatial factors to find the final map of FFPI. The methodology 

depends on using four geospatial variables in Sha'am Basin, such as terrain slope in Degree, land use, land cover, and Soil type 

by using GIS tools, and spatial analysis utilizes to extract, reclassify, and generate the raster dataset cells (DEM 30X30 meters) 

to end up with flash flood potential index (FFPI). All dataset maps are classified into five classes, Class 1 is a lesser response and 

potential for flash floods, and class 5 is a more significant response and potential for flash floods. After all data sets were 

reclassified, the raster calculator in Map Algebras was used to calculate the average reclassified dataset raster to go next for 

effectiveness weight (slope 55%, soil 10%, and LuLc 35%) to get FFPI.  The results show that the FFPI values will increase when 

the effectiveness weight of slope and land use is increasing and affects in FFPI equation result more than soil weight. The Final 

FFPI map of the Sha'am Basin area was divided into four threatened classes based on their susceptibility to high floods (V. High, 

High, Moderate, low). Both indexed values 4 and 5, high and very high susceptible area classes with 7.3 km2 and 8 km2, 

respectively, are covered more than 70% of all Sha'am Basin. The moderate and low areas are 10.4 km2 and 0.006 km2, 

respectively, covering 30% of Sha'am Basin area. In conclusion, seventy percent (70 %) of the Sha'am Basin area occurs under 

a very high flash flood zone. Therefore, FFPI can be helpfully used in UAE to show the future critical flash flood risk zones. 
 

Keywords: Flash flood, FFPI, Risk zone, Basin, Shaam, Geographic Information System.  
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Bahrain's main source of fresh water is desalination of seawater. The main challenge of desalination is that it is energy-intensive 

in addition to its negative environmental externalities. Using a sustainable energy source, such as solar energy, for operat ing 

desalination plant, with high recovery ratio, will minimize fossil fuel consumption and therefore CO2 emissions (i.e., zero 

emission). The objective of this project is to study the feasibility of using solar electricity to power a small-scale reverse osmosis 

(RO) plant, i.e. integrating solar energy in water production to decouple fossil fuel from desalination as an important 

component in managing the water-energy nexus. The project concluded that the vertically installed PV’s on the facade of the 

storage tank (called herein as PV Elevated Storage Reservoir, PVESR) has the potential to produce 83 m3/day (21,926 US 

gallon/day) and annually 30,277 m3 (7,998,337 US gallon) with an annual solar electricity of about 196,800 kWh as per system 

simulation. Furthermore, it is found that if 80 % of the roof space of the storage tank is used to install PV panels installed at a 

tilt angle of 20°, then the annual energy will increase to about 357,108 kWh and the water production would reach about 

150.5 m3/day (about 44% increases). The vertically installed PVs system is expected to operate effectively, on average 4 hours, 

due to the unavailability of batteries for electricity storage. The capital cost of the plant is estimated to be nearly BD 100,000, 

with a unit cost of produced desalinated water at about BD 0.165 /m3. The PVESR system will offset about 81 tonnes of CO2 

annually.   
 

Keywords: Vertical PV installation, Solar water desalination, Solar power, Reverse Osmosis, Bahrain. 
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 از في  ت ا الإ ائي المتواملة تلم ا  اباى ع بل الأةات ا تلوصول المي الاةتاامة المات ة. وباتريد من تجق ق مملكة اتبجر ن ات اةا من الإتسا

ا ب ع بققلم  ئجاز  ات ة جاا في مسال تو رر خاماز م ا  ات را 2030تجق ق مبا ئاز وبرام  عذااف الأمد المتجاي تلتنم ة المستاامة  

 في مسال تني ه الإ ائي المتواملة لموائ  الم ا  )وات 
ح
(. ةرمي ذها اتبجع   ي الم ا   100من    39.7إرف اتإايا الا ان ا بققلم  ئجاز متات ة لس  ا

تتشن ا وتقاةر ماى مياءي اتاولمي  اتبن   باةتخاا  اطائ  تلم ا  اة و  ة  المي تق  د مستوى الإ ائي المستاامة  في المملكة وي اف    اة و  ة 

 لإ ائي الم ا  اة و  ة وتجاةا اتثغراز ومواطن اتنقا  ي اا وتقاةد اتتوص از اتف مة تلوصول تلإ ائي المتوا
ح
ملة تلم ا   اتتاابرر المتب ة بات ا

 ات ة اتتح تمر  اة و  ة. وتقا ب نلم تتات  اتتق  د عن ا ائي الم ا  اة و  ة في مملكة اتبجر ن منخيبة المستوى ولا تتناةا مع مربلة الإجةا  اة

تنم ة يرر    باةنيان اة وفيا ب ع ةتد تطب ق الأ واز الإ ائ ة و أن الم ا  اة و  ة في مربل، ا الأةاة ة عو تت ر  لإجةا  عولمي ب نما هي في مربلة

وات م واتتجإ اا  تلموا تة  آت از  و ع  من  اتي اتة  اتتنظ م ة  الإجراءاز  اتخال  المؤةسة   ي  ا ئاإ  عس ا   ف  اتيال  مستقري  ل   ي 

وتجاةع اتت ري ازا واتراابة المسؤوتة. توص ح بت ي ي مواطن اتقإوئ وات مل   ي الإصفباز المؤةس ة من توظ ف وتنم ة اائاز اتووا ئ  

تجإ ا    تتتولمي و ع برام  وخطي ياملة لإ ائي مستاامة تلموئ  اة وفيا وات مل   ي اصاائ اطائ ااتولح يامل لإ ائي الم ا  اة و  ةا وعن ةتد

 
ح
تول مرابل    الموئ   ون الإخفل بالموا تة المات ة عو تخطح مم ة اتس ا الآمن تلم ا ا واةتخاا  الأ واز الااتإا ةة واتق و    ي الاة، فإ طبقا

 من مستو از اتتنم ة الموض ة في اطائ اتبن  اتاولمي. 

 

 م ا  جو  ةا الأ واز اتين ةا الإجراءاز اتتنظ م ةا اتوةاتل المؤةس ةا مرابل تنم ة الم ا  اة و  ة.  : الدالةالكلمات 
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The Republic of Iraq is located in the Middle East. It shares borders with Saudi Arabia, Kuwait, Jordan, Syria, Turkey, and Iran. 

In the past few decades, the Middle East has experienced water scarcity crisis primarily due to increasing water demands on 

one hand and shortage of water sources availability and adverse climatic conditions on the other. The unstable political 

situation in the region has also propagated the problem; Iraq is amongst those countries that have suffered in the last three  

decades from many political events and wars that have affected its stability. Iraq has two primary surface water sources 

represented by the Tigris and Euphrates rivers. Both rivers originate from outside Iraq's borders, mainly from the Taurus 

Mountains on the southern side of the republic of Turkey. In the twenties and thirties of the twentieth century, Turkey 

discussed the possibility of damming both rivers to use water mainly for power generation and agricultural activities. It bui lt 

some dams from time to time with the signing of treaties that preserve Iraq's right to the waters of the two rivers. However, 

Turkey has built 31 dams in the past three decades making the rivers in Iraq under the inevitable danger of drought. Besides 

the fifteen dams built on the Karun River - one of the important tributaries of the Shatt al-Arab by Iran, which causes a 

significant negative impact on the water situation in the southern part of the Tigris River. This study aims to assess the 

institutional role of the availability and water management in the republic of Iraq. The dataset comprises key climatic metrics 

and amounts of surface water from 1990 to 2020; then the dataset was projected on key political events in Iraq’s recent history 

to establish an association between surface water availability and the role water institution plays. Multiple linear regression as 

a primary statistical test was applied to assess the relationship and its significance. Results suggest that invading Iraq in  2003 

and the emergence of ISIS in 2014 were the events most negatively associated with a decline in surface water flow (P-value: 

<0.001) and (P-value: <0.001), respectively. Other factors, such as the Invasion of Kuwait and the Oil for Food program, were 

slightly or not statistically significant. The results imply a statistically significant role of the institution/government in providing 

a sustained water supply to the Republic of Iraq. The Ministry of Water Resources should be well regulated and efficiently 

structured to develop appropriate strategic plans on water resources to meet the future demand. 
 

Keywords: Water sustainability, Climate change, Surface water, Groundwater, Deductive approach. 
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Greywater recycling is an important management alternative to reduce consumption and cost of limited drinking water 

resources in arid regions such as Oman. Greywater recycling can help replace precious drinking water in low-quality 

applications such as industry, irrigation, toilet flushing and washing; this in turn will reduce the consumption of fresh water. 

Aside from generating wastewater, greywater recycling can be beneficial in increasing national water reserves, as well as 

ensuring increased water supply for irrigation, leading to increased agricultural productivity and sustainability of the 

agricultural sector in areas affected by high salinity groundwater. Urban, economic and commercial development in the 

Governorate of Musandam have led to increased demand for water and excessive consumption of drinking water, which 

resulted in high levels of salinity in groundwater as well as an expansion in desalination plants. This study assessed the 

possibility of reusing greywater in Musandam Governorate, as a case study for the Sultanate of Oman, to be an alternative user 

of fresh water in industry, agriculture and domestic consumption. This is made by estimating the quantities of greywater 

generated in the governorate and examining its physical, chemical and bacteriological properties. The results indicated that all 

quality parameters of greywater generated in the governorate are within the Omani regulations and standards for wastewater 

reuse and discharge, except for turbidity and bacteria content. Ablution greywaters are found to be of high quality water for all 

parameter after treatment and disinfection. It is concluded that greywater generated from different sources in the governorate 

can be reused for agricultural or domestic purposes such as washing and cleaning (except drinking) after removal of turbidity 

and disinfection of water using simple techniques. It is recommended to review and update the regulations and laws related 

to the reuse of greywater and to intensify efforts and studies at the level of the Sultanate of reusing greywater. 

 

Keywords: Household, Tourism, Chemical, Bacteriological, Treatment system. 
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ً
 وضع خطة إدارة بيئية لاستخدام المياه المعالجة ثلاثيا

 

Sufyan Mohammed Bouday 

Email: s.bouday@sio.gov.sa 

 

 

 

Supervised by 

Prof. Alaa Al-Sadek 

Prof. Waleed Al-Zubari 
 

 

ميمنة تلاول لاز اتنائي المات ةا مثل المملكة ات رب ة اتس و ةة. وتهت ا   ن اةتخاا  الم ا     ةتقا عصبح تقا الم ا  المنإإة تليئا ة م ول 

ا واتتخلا اتب ئح الآمن من الم ا  الم اة ةا وتخي ف ات
ح
بغي  الم اة ة في الأيرا  اتيئا  ة ة مكن ا من تجق ق جيء من الأمن اتغهائح مجل ا

 في اتيئا ة من خفل    ي مإا ئ الم ا  يرر المتسا ي المستخام
ح
ة في اتيئا ة. وتقا با ئز المملكة في ات مل   ي   ا ي اةتخاا  الم ا  الم اة ة ثفث ا

 ا  عثناء  تقلةا من مناطق اتتاجةا اة بر ة المي المناطق اتيئا  ة. الا عن ذه  ات مل ة ةإابب ا ات اةا من الم ا ل اتت غ ل ة المت لقة بسو ي الم 

برن ماةنتح اةنبر والأبساءا ومن ثد تطب ق خط  ب ئ ة  تقلةا وتخي ن ا. ذ ا لم ذه  اتائاةة المي تق  د تسربة عبا م ائيع تقل الم ا  الم اة ة 

اة قل ة اتنظا  وتبع لت   مل الاختبائاز  اتينح تطر قة  مل  اتتجل ل  اتبا  منه  ة  الم ا . وتد  تتل   اتنقل واتتخي ن    تبمان جو ي  مل   

تح تتاذوئ ب ا جو ي الم ا  ومن ثد تطب ق الإجراءاز اتتجس ن ة  لي ا وتق  د اتنتات . ومن خفل مراابة  مل الم رو  اتضح عن  تتجاةا الموااع ات 

الم ا  ةتد اةتفمةا من المإائ ةل مة ومطابقة تل روط اتتنظ م ةا وتكن تتاذوئ جو ت ا  نا اتوصول تلمإا. وتد تطب ق اجراءاز تجس ن ة  

ا  تقن ترن مختليترن: الأولمي هي ترم ا منظومة اتتسريع بيقا از اتةواء اتناتوت ةا واتثات ة ترم ا منظومة اتتسريع باتولوئ ن  تتمثل في اةتخا

باةتخاا  في موا رن مختليرن ومتطابقرن في اتتإم د واتيلسية اتت غ ل ة ومن ثد المقائتة ب ن ا. وتقا عظةرز اتنتات  عن اتتقن ة الأولمي اةناصة  

من  اتيق  
ح
مات ا وعجاى  تل روطا  ومستوفي  تا ح  اتولوئ ن  اةتخاا   خ ائ  ب نما  ان  اتتنظ م ةا  الايجراطاز  جم ع  تجقق  تد  اتناتو ة  ا از 

 تبمان توص ل الم ا  من المإ 
ح
ائ اتتخلا من الم ا  يرر المطابقة تلمواصياز. خلا اتبجع المي عن اةتخاا  اتولوئ ن ذو اةن ائ الأةلد ب ئ ا

س، ل  اتن ائحا وتكن ةوص ى باتق ا  بائاةاز م مقة بول باو  اتكم از اتقإوى تتسريع اتولوئ ن بات بكة.  مما ةوص ى بتطو ر  بتى تإل الم 

 تمولع مجا اي ت غ  ي تنقل وتخي ن وتو يع الم ا  الم اة ة ي اف المي الم ا ظة   ي مستو از اة و ي في اة او  المسمو  ب ا. 

 

 اتري؛ تقل الم ا  الم اة ة؛ منظومة اتتسريع؛ اتيقا از اتناتوت ة؛ اتولوئ ن؛ تجسرن جو ي الم ا . : الكلمات الدالة
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The natural resources sector in the Sultanate of Oman is one of the sectors that faces many challenges due to the various 

comprehensive development requirements. There is an imbalance between supply and demand, and thus the Sultanate 

of Oman is working on building many desalination plants to cover the water deficit and building many dams on the 

valleys. Wastewater treatment also contributes little to meeting the water deficit. However, the approach that the 

Sultanate of Oman is currently working on has not helped in reducing the water deficit, which is estimated at 316 Mm 3. 

Seawater desalination is considered very expensive for the government and has environmental impacts over time. This 

study aims to evaluate the water resources management system in the Sultanate of Oman by using one of the water 

basins, which is the Al-Batha basin as a case study, and through this basin, the most important challenges facing the 

management of water resources in this basin were identified and then the possible solutions and f uture scenarios that 

can contribute to reducing the water deficit in the Al-Batha basin, which is estimated at about 54.6 Mm 3, were 

suggested. The WEAP program was used to build a dynamic mathematical model that simulates the water management 

system in the Al-Batha basin during the period from 2020-2040, i.e., the period of implementation of the Oman 2040 

vision. The results showed that if 1) the leakage in the network is reduced by 10%; 2) the wastewater collection rate is 

increased, and 3) the irrigation efficiency is raised to 70%, this would have a significant impact in reducing the amount 

of water to a large extent in 2040. The total municipal water demands are calculated at 294 Mm3 compared to about 317 

Mm3, according to the reference scenario in 2020. Wastewater collected quantity was 270,779 m3 in 2020 and will reach about 

318,744 m3 in 2040, compared to the reference scenario where the amount is about 316,866 m3, an increase of 1,878 m3. In 

the agricultural sector, the amount of irrigation used can be reduced from 236.6 Mm3 in the reference scenario to 118.3 Mm3 

by the year 2040; if irrigation efficiency measures are implemented. This study recommended the necessity of reducing 

leakages in the network, increasing the collection of wastewater, and raising the efficiency of irrigation to sustainably manage 

the water resources in Oman. 
 

Keywords: WEAP, Integrated Management of Water Resources, Aflaj. 
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 اتبجع تتق  د منظومة من آز اتبنى اتتجت ة )اتساو  واتسااز( اتف مة لإ ائي الموائ  المات ة في بو  ن ر اتغمقةا عبا الأبوا
َ
ه ِّ
  اتير  ة  تُي 

الم ولة تلمنظومة اتة ائوتوج ة في اتسابل اتسوئي و قع في وةي اة يء اة نوبح من   من مجا ظة طرطوا. ي اف اتبجع تتق  د اة و   

  ن خ ائ ن مقجربرن؛ الأول ذو ال اء ةا ئت سا واتثالح مسمو ة ةااز صغرري ت تما   ي مباع اة إا  المائح تتأمرن الابت اجاز المات ة موبر
ح
ات ا

الم  اتبجع  ا تما  اتقرائ.  اتخال  في  المؤثري  الأع ا   مختلية  بمقائتة  متوامل  ع ول  الأمثل  اتباةل  واخت ائ  وعل ط، اا  اتسوات ة  نه   تلتسم از 

( اتةرمح  اتتجل ل  آت ة  و ق  اتتطب قح  والمنه   اتتجل  ي  اتقرائ Analytic Hierarchical Process (AHP)اتوصيح  اتخال  في  مل ة  المستخامة   )

تائاةة تأثرراز منظوماز اتبنى اتتجت ة تتخي ن الم ا  اتسطج ة وا ائي اة ر اتاز واتتجكد    (multi-criteria decision making)مت ا  الم اةرر  

الم  ي    ب اا ولت  من خفل تقاةر  فا، ا المتبا تة مع اتتأثرراز اتب ئ ةا والاجتما  ةا والااتإا ةةا واتةناة ةا واتس اة ة ) فاة الم تمع 

 )صالعي ارائ ومخططرن ات ر   مع مؤةساز ا ائي الموائ (. عبر ز  
ح
مثل ات ر اء جم  ا وطن رن وعبناء    تتات  اتتق  د  بر اةت  ان   نة موجةة تُ

% اتتح تمثل آئاء الم تمع الم  ي ومن ثد الا تبائاز الااتإا ةة  21.2% ةلي ا الا تبائاز الم تم  ة  36.8المنطقة(ا ابتفل اباةا اتب  ة بنسبة  

بنسا  18.3 واتس اة ة  اتةناة ة  الم اةرر  وعخررا  و%13.1  ع ب %10.7  المنرجاز  تجل ل  تتات   اَز 
 
عم واا  اتتوالميا  تجو  %   ي  اتتوج   ل ة 

في تجاةا اةن ائاز و ق ظروف مجا ي )  ي مستوى    AHP% مقائتة ب ل اء ةا وابا مبرر. ةوص ى باتبا  منه  ة  79.6اتسااز اتإغرى بنسبة  

ال مع الم تمع الم  ي.   اة و  اتوابا(ا ولاتخال اتقرائاز المت لقة في ا ائي الموائ  المات ة باتت ائإ اتي  

 

اتةا بو  اتغمقة.الدالةالكلمات   : تجل ل ذرمح مت ا  الم اةررا منظومة بنى تجت ةا ا ائي الموائ  المات ةا اتت ائم ة اتي  
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Ninth Batch Students 
 

No. Name Country Project Title 

1 Ahmed Al-Qattan Bahrain 
Characterization and Potential Reuse/Recycle of Wastewater in the 

Poultry Sector in Bahrain, Case Study: Delmon Poultry Company 

2 Ahmed Al-Shamsi UAE 
Brine Water in UAE: Overview on Analysis, Assessment, and Possibility 

of Reuse 

3 Ahmed Fouda Egypt 
Collecting and Assessing the Main Criteria for Flash Flood Impacts on 

the Road Network of Kidd Valley, Sinai, Egypt 

4 Ali AlNasheri KSA 
ا اا اتقبول الم تمعي لإ ا ي اةتخاا  الم ا  الم اة ة في ماةنة اتقنيهي  

 بالمملكة ات رب ة اتس و ةة 

5 Anwar AlSheraimi KSA تق  د مستوى بوممة الم ا  اة و  ة يرر المتسا ي في المملكة ات رب ة اتس و ةة 

6 Bader AlShehri KSA 
اتس و ةة. منطقة  في المملكة ات رب ة تلساو  تقاةر اتق مة الااتإا ةة 

 اتائاةة: ةا وا ي ب ش 

7 Fatima AlAsbool Bahrain 
Effectiveness and Economical Comparison of Air Water Harvesting 

Techniques in Bahrain 

8 Magdi Ahmad Yemen  اخت ائ ع بل مواع لم طة م اة ة صرف صاي لماةنة اتبرةقة في مجا ظة  ان 

9 Osama Tabash Palestine 

Integrated Municipal Water Planning and Management of 

KhanYounis Governorate, Gaza Strip, Palestine, using Dynamic 

Modeling (WEAP) 

10 Rabeea Badaam Yemen 
تجل ل تأثرر اتتغرراز المطر ة   ي مساباز الأئاض ح اتيئا  ةا  ئاةة باتة: وا ي  
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The poultry industry consumes relatively large amounts of potable drinking water that is used for different 

chickens’ and cleaning processes, of which large amounts of the consumed water is produced as wastewater. 

Currently, in Bahrain this wastewater is directly disposed without reuse. Under the scarcity conditions in 

Bahrain, which is expected to increase in the future due to population growth and climate change, wastewater 

reuse becomes an important option for adaptation. The selected case study in this research was Delmon Poultry 

Company, which has a significant issue in saving the water especially that the chicken sla ughter sector needs a 

huge amount of water for a variety of processes, including chicken’s sanitization, machines and tools 

disinfection. In this research a characterization of the generated wastewater produced by the company is made 

and the potential for its reuse as a regeneration project based on a nature-based solution are explored, to reduce 

the cost of the wastewater treatment and contribute to saving the environment. The study results indicated that 

BOD, COD, and TSS, were high and above Bahrain’s reuse standards, but E. coli was within the accepted level 

(<1 CFU/100ml), maybe because of the detergents they are using. Nevertheless, results of the literature review 

showed that the constructed wetlands, using reed bed or other plants, resulted in removal of parameters, such 

as COD, BOD, TDS, TKN, and nutrients up to 85%-99%. In conclusion, constructed wetlands technology can be 

a promising and environmentally sound solution for treating wastewater and reducing pollution, and can also 

be a valuable addition for wastewater reuse schemes.  

 

Keywords: Wastewater characterization, Wastewater reuse, Regeneration project, Natural Based Solutions, Reed Bed. 
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The arid climate and rapid urbanization in the UAE have exacerbated water scarcity, making efficient 

management of water resources a critical priority. Brine water, a byproduct of various industrial processes and 

desalination, presents both challenges and opportunities. This research delves into the composition and 

characteristics of brine water, assessing its environmental impact and exploring viable options for its safe and 

beneficial reuse. The analysis encompasses the salinity levels, contaminants, and potential for technological 

treatment. The assessment evaluates the environmental repercussions, emphasizing soil and aquatic health. 

Additionally, the study investigates various methods and approaches for reusing brine water, considering both 

technical feasibility and economic viability. Addressing these aspects is imperative for sustainable water 

management, aligning with the UAE's goals of achieving a circular economy and mitigating water scarcity. The 

findings and recommendations herein provide valuable  insights for policymakers and stakeholders to enhance 

brine water management and promote sustainable reuse practices in the UAE.  

 

Keywords: Desalination, Climate Change, RO, MSF, Water reuse, Environment, Water governance. 
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Similar to most desert regions, the governorate of South Sinai in Egypt faces threats caused by regular flashfloods 

occurring in the valleys where human activity and urbanization are concentrated. Wadi Kidd is considered a unique 

example of such a situation, as several torrents that differ in size, magnitude, and duration of their flow were 

characterized by their irregularity, random occurrence, temporal and spatial occurrence, and even random 

characteristics of their discharge. The flow of these torrents has led to the destruction of large sections of the vital and 

main road that connects the cities of Sharm el-Sheikh and Dahab with the rest of the lands in Egypt. It also destroyed 

many forms of urbanization and development that extend along the interior of the centr al valley on both sides of the 

road or at the mouths of the tributaries and the meeting points of the network’s streams, which cause significant 

economic losses. In addition, flashing torrents represent a waste of water resources in an arid area that needs  every 

drop of water for drinking, agriculture, grazing, and other activities. Therefore, such circumstances impose the necessity 

of examining how to identify and manage this issue, using the latest scientific research methods to determine the 

characteristics and behavior of torrents and to suggest appropriate ways for protection from their dangers, and how to 

utilize their waters optimally. To address the problem of flash flooding and plan to mitigate their impacts, a literature 

review and data collection and characterization were conducted in preparation of an in-depth future study. The 

literature review showed that different techniques and approaches can be used for studying flash floods. Several data 

were used to characterize the current situation, such as: land use, precipitation, road network, geology of the area and 

Kidd Valley DEM. The results can be used to build a hydraulic model for Wadi Kidd that will reduce the risk of flash 

floods on the Sharm El Sheikh-Dahab Road and facilitate water harvesting, as a starting point towards this goal.  

 

Keywords: Dahab, Sharm-ElSheik, Flash Flooding, Torrents, Risks, Tourism.   
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ي اف اتبجع المي اتك ف  ن ماى اتقبول الم تمعي لإ ا ي اةتخاا  الم ا  الم اة ة في المملكة ات رب ة اتس و ةةا من خفل  

اةتخاا    ب  ا ي  المرتبطة  الم تملة  المناوف  واتت رف   ي  في لت ا  تؤثر  اتتح  اتثقا  ة والاجتما  ة  الاتساذاز  اتك ف  ن 

ق المنه  اتوصيح بأةلوا المسح الم تمعيا بالا تما    ي الاةت  ان  أ اي ت  واتتح و  لم   ي  الم ا  الم اة ة. تد بناء اتبجع و  

 ( اوامةا  ئابي  384  نة   وات ة  ص غة  تةا   ي  الم اوئي  واتقرى  المكرمة  مكة  بمنطقة  اتقنيهي  ماةنة  في  ي   ون  ممن   )

آئاء ات  نة تسا  اتقبول الم تمعي تلم ا  الم اة ةا ب ع  اتكجرولح. تبرن من تتات  اتبجع وجو   روق لاز  لاتة ابإات ة برن  

ب نلم اتنتات  وجو  مخاوف مبرري تاى ات  نة في اةتخاا  الم ا  الم اة ة تاع ة من الم ا ل ات   ة واتناتسة  ن الاةتخاا .  

و  اةنبراءا  المسطجاز  ئي  في  الم اة ة  الم ا   اةتخاا   في  ات  نة  ممال ة  اتنتات   ا   ب نلم  اتقطا   مما  وفي  اتنخ ل  اش ائ 

واتإنا  ة   اتيئا  ة  الم الاز  في  الم اة ة  الم ا   اةتغفل  ةسا  اتنتات   ذه   و  ي  وء  اتت اةنا  وفي  تلتبرةا  اتإناعي 

الم تمع    ا واة بر ة  وائيا   تتو  ة  وجو   روئي  مع  اتساقا  لاز  اتكبرري  والأش ائ  اةنبراءا  المسطجاز  وخاصة  ئا ة 

بأذم ة الاةتيا ي من الم ا  الم اة ة ولت  من خفل تسنرر ات اةا من وةاتل الإ ف  في اتتو  ة الم تم  ة بما ةت لق بيواتا  

   اةتغفل الم ا  الم اة ة. 

 
 .  ا تو  ة الم تمعالمواف ات ا  ا ا ا ي تاو ر م ا  اتإرف اتإاي مكة المكرمةا  ا م اة ة م ا  اتإرف اتإاي : الكلمات الدالة
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 تقطا  الم ا  في المملكة ات رب ة اتس و ةة.  واا بهتلم المملكة 
ح
 مبررا

ح
  ت ول ا ائي الم ا  اة و  ة "يرر المتسا ي" واةتاام، ا تجاةا

اتبجع   و أتح ذها  اتتجاةاز.  لمواجةة ذه   والمؤةس ة  اتين ة والاةجرات س ة  اتتاابرر  من  ات اةا  اة ةو  واتخهز  اتكثرر من 

ات مل  م  المات ة و جا ظ  لي اا و إون اتب  ةا  ت ساذد في  المتمثلة في "اطا  م ا  مستاا  ةنمح الموائ   الم ا   ن ئؤ ة اطا  

 وخاماز  ات ة اة و يا ومياءي تسةد في اتتنم ة الااتإا ةة والاجتما  ة" من خفل الاةتيا ي من  
ح
 آمنا

ح
ع بل  و و ر اماا ا

لإ ائي   الممائةاز  يرر   ات الم ة  اة و  ة  ومياذ د    الم ا   المي  المتسا ي  اتائاةة  ذه   ذا لم  الإ ائي  اةتاام، ا.  مستوى  تق  د 

. واا تد اتتواصل مع  ا   المستاامة تلموائ  المات ة اة و  ة يرر المتسا ي وتجاةا اتثغراز واتتجاةاز الإ ائ ة المرتبطة ب ا 

من المسؤوترن في و اتة الم ا  بو ائي اتب  ة والم ا  واتيئا ةا  ون ا المسؤول الأول  ن ا ائي وتخط ي وتنظ د الم ا  اة و  ة يرر  

ا والاطف   المتسا يا وتد الاطف    ي اتائاةاز ات لم ة اتتح ااملم ب ا اتو ائي باتت ااا مع مبرى ات ر از الاةت ائ ة ات الم ة 

 و 
ح
اتقاتمة بات ا الم ا ا والممائةاز  تلم ا  وعتظمة  اتوطن ة  الاةجرات س ة  تةاا ومهت     ي مجتو از  المنطي  جمع  المستقبل ة 

. واا  الم ا  ذه   المت لقة بأ بل الممائةاز لإ ائي  ات لم ة  المراجع  والاطف    ي  اتب اتاز اةناصة بالم ا  اة و  ة يرر المتسا ي  

المتسا يا  لإ ائي المستاامة تلم ا  اة و  ة يرر  المطلوبة تتجق ق ا اةتخاا  ااتمة تاا ق اتبن  اتاولمي تل وامل واتتاابرر  تد  

واتتح تتبمن توص ف اتنظا  اة وفيا تق  د اةجرات س ة ا ائي الموائ ا واتتاابرر المؤةس ةا وتد تجاةا اتثغراز اترت س ة  ي ا.  

 ةُبنى  ل    اتتوص از  ع ا  من  اةنروع  و   ا اتس اةاز المطلوبة تر ع مستوى الاةتاامة وتوصللم اتائاةة المي تجاةا  
ح
تتوون  مف

   . تلوصول المي اةتاامة الم ا  اة و  ة في المملكة ات رب ة اتس و ةة ا ائي ياملة  في تجق ق  

 

الدالة ا:  الكلمات  اة و  ةا  الم ا   المتسا ياةتاامة  يرر  المات ة  الممائةازا  لموائ   ع بل  المات ةا  اتس اةاز  اتاولميتاا ق  ااتمة  ا  في    اتبن  

 اة و  ة.  الم ا  ا ائي
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ا  ا مةمح ا اةجرات س ح ا تلظروف اة غرا  ة    ا ةمثل تقاةر اتق مة الااتإا ةة لم ا  اتساو  في المملكة ات رب ة اتس و ةة تجاةح تظرح

اتائاةة المي تجل ل    لم والمناخ ة اةناصة ب اا واتتح تس ل من تل  الموائ  مجوئ ة تلتنم ة المستاامة و مان الأمن المائح. ذا  

  تأثرر م ا  اتساو    ي اتق مة الااتإا ةة في اتبف  
ح
ا ولت  من  با اتساو  اترت س ة في منطقة جا ان أةا وا ي ب ش  ا وتجاةاا

المتابة  واتب اتاز  الأ بح  المسح  تتبمن  ياملة  منه  ة  اةتخاا   تقاةر  باوتلم    .خفل  ت تق مة  ا اتائاةة  لم ا   الااتإا ةة 

تد  واا  اتجري ا في الاة، فإ والاةتثمائ في اتبن ة اتتجت ة المات ة.  مموئ  ااتإا ي يسةد في ت ي ي مياءي اةتخاامةا وتش  ع  

ا  باةتخاا   ئاةة اة اتة   لإل اء اتساو    ي اتقطا از المنتلية   ا الإةساب ة واتسلب ة   ا اتجرمرز   ي تجل ل الآثائ الااتإا ةة 

اتائاةة مسمو ة من اتتوص ازا من    لم اتتجل لا اام ذها  بناءح   ي  و   .بما في لت  اتيئا ة واتإنا ة واتس ابة واتتاع اتطااة 

ب ن ا  روئي تق  د اتتأثرراز اتب ئ ة والاجتما  ة تبناء اتساو  ابل ال ائ اا وتجسرن ا ائي اتساو  تبمان الاةتيا ي اتقإوى  

المي ت ي ي      ي عذم ة   د اتقطا  اةناص في مسال بناء اتساو  والاةتثمائ  ي اا بالإ ا ة اتائاةة  من  واتاذا. مما ت ا   

باتساو   الم  طة  المناطق  في  واتب ئ ة  الااتإا ةة  اتتنم ة  م ا     . رص  ا مة  تيةد   
ح
يامف ا  اطائح اتائاةة  تقا   ع ول  ا ا 

مستقبل ة   واةجرات س از  تس اةاز  وتوجي از  اتس و ةة  ات رب ة  المملكة  في  في  اتساو   المات ة  تساذد  الاةتاامة  تجق ق 

 .واتتنم ة ات املة في اتبف  

 

 موائ  الم ا  اتسطج ةا الأمن المائحا ا ائي اتساو ا ا مة الم ا ا تولية الم ا ا منطقة جا ان.: الكلمات الدالة
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The feasibility of water harvesting from air is investigated as a potential source to lower municipal water 

demands in Bahrain. This is made by comparing a number of active (i.e., requires energy as opposed to the 

passive) water harvesting techniques, with the current water municipal water supply source of desalination 

from an economic perspective. The study investigated  three active techniques. Two of these were based on 

previous studies: air conditioner byproduct and dehumidifier, while the third techniq ue was the thermoelectric 

cooling or water harvesting generators, which was not studied in Bahrain before. The comparison results 

indicated that modern water harvesting generators showed higher potential to be used as a sustainable source 

of water using solar power generators and can help introducing rooftop greenhouses to the systems. It is 

recommended that this technique to be further investigated using a pilot study in Bahrain.  

 

Keywords: Active water harvesting; A/C condensate; Dehumidifier; Thermoelectric cooling; Solar energy. 
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  ب ع ع ى   ا اتبجع المي اةسا  ع بل مواع ت مل مجطة م اة ة تلإرف اتإاي في منطقة اتبرةقة في مجا ظة  ان   ذها   ي اف 

ات مرالح   المنطي اتتوةع  اتسوالح    يرر  في  واتنمو  الأخرري  اتسنواز  خفل  ت   ةا  المي باوا     ان المجزاةا  مبرري  مات ة  ع مة 

. واا صابا لت    ا ي في اتطلا   ي الم ا ا مما ع اف ع باء   ي يبكة اتإرف اتإاي تلماةنة.  ومن  ةو  في  ل    المنطقة 

ا عس ا  
ح
 ب ه  الم ولة ماةنة اتبرةقةا اتتح توة لم ع ول ةريع جاا

ح
  اتسوانا واتتح ت تبر   ظروف اة را وتيو  عمثر المناطق تأثرا

% من المس، لكرنا ب ع  70من بوالمي    اتتح لا توجا  ي ا مجطة م اة ة لم ا  اتإرف اتإاي اتناتسة في  ان  اتوب اي  الماةنة  

ا   ي مجطاز ئ ع ومجطة ضخ ئت س ة و  اتتح تقائ ةتد تسم ع ذه  الم ا ا 
ح
 بأئب ة مفةرن مجر مك ا ةنو ا

ح
ع ا لت   تإا بات ا

وتأثر اطا  اتس ابة. واا    مرا  الأ اة  راز و   ا ي اتتلوا واتت ائ ع    باون م اة ة. واا ع ى لت  المي    مبايري المي اتبجر 

ب ا   ااملم  واتتح  اتسابقةا  اتائاةاز  من  الأةاة ة  والم اةرر  المواصياز  من  مسمو ة  مراج ة  اتبجع   ي  ذها  في  اتجرمرز  تد 

المؤةساز اتاوت ة ات املة في المنطقة. وبس ا اتطب  ة اة بل ة لمنطقة اتائاةة )اتبرةقة( ترتكي ذه  الم اةرر   ي اةتخااماز  

وطب الأئ  الأئض حا  واتغطاء  وموااع  اض ح  تلمنطقة  اتسوات ة  اتكثا ة  المي  بالإ ا ة  واتجاائذاا  المنطقة  وج وتوج ا  اتسطح    ة 

ا   مجطة م اة ة ولمي ت مل  ع تد اخت ائ مواع  اتتسم از اتسوات ة ويبواز اتتإر ف. واا   ة ا  م ا  اتإرف اتإاي من عجل 

 الم ا  والاةتيا ي من ا ع ا م اة ، ا.   وا ا ي اةتخاا  اتوائثة اتب ئ ة  ذه   من  

 

 تجل ل م اةرر اتسطحا ات من. مجطة م اة ةا  اتتلوا اتب ئحا يبواز اتإرف اتإايا   :الكلمات الدالة
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Water resources in Palestine face substantial challenges in meeting various sectors demands. Traditional 

approaches of increased groundwater extraction, desalination, water purchases from “Israel”, and limited 

wastewater and storm water reuse have failed to significantly reduce the water deficit and create long-term 

sustainability. This study aims to improve water resource system planning and management in the Gaza Strip, 

using Khan Yunis Governorate as a case study. By employing a dynamic mathematical mode l built with the 

WEAP program, the research proposes a number of interventions to enhance system efficiency and 

sustainability, aligning with the goals of the Palestinian Water Authority's strategy. Besides the "business -as-

usual" scenario that evaluates the current water sector's performance, the proposed interventions, were: 1) 

Increasing per capita water consumption to meet the WHO recommended value (150 liters/person/day), 2) 

Reducing network leakage to 10%, 3) Raising wastewater collection and treatment rates to 80% of the network, 

4) Boosting agricultural irrigation efficiency to 60% by 2042. These interventions had the potential to 

significantly expand the per capita water share and reduce the associated costs. The research recommended 

that developing a comprehensive water sector simulation model, that includes all administrative, social, 

economic, and hydrogeological aspects, along with future scenarios, is fundamental to optimize long -term 

water resource sustainability in the Gaza Strip's coastal basin. Unfortunately, due to the current war conditions 

in Gaza City, significant negative impacts have occurred on the water sector as a whole, and we pray for this to 

end soon.  

 

Keywords: Integrated Water Resource Management (IWRM), Regeneration, Water resources, Water scarcity, WEAP model.  

  

mailto:Osamatabash@hotmail.com


P a g e  | 149 

 

تحليل تأثير التغيرات المطرية على مساحات الأراض ي الزراعية. دراسة حالة: وادي حجر في محافظة حضرموت، 

 اليمن 

 

Rabeea Hassan Badaam 

Email: rabie.badaam@gmail.com 

 

 

 

Supervised by 

Dr. Sabah AlJenaid   
 

أو ةة جائ ة عو مناعع مات ة  ا وتتا ق   عذد موائ  الم ا  في اة يء اة نوبح وات رقي من ات من   من   الم ا  اتسطج ة اة ائ ة ت ا  

ات ا    الموةم ة والأمطائ   عس ا طوال     ا اتس ول 
ح
المرتي ة   وخإوصا المناطق  تتوا ر  مثل مناطق من نة ووا ي ةون   ا في  ب نما  ا 

اتوا ي اتوب ا اتهي تسري     الم ا  المتا قة ع ول مستمر   ي ماائ  بأت  وا ي ح ر  متا    بكم از مجا وي. و الم ا  اة و  ة 

   ا ات ا  
ح
  ؛ يي ري   المتسااطة ت سلم  الأمطائ مم از م ا   اتريد من عن   ا و  ي تسقوط الأمطائ   وتكن بم الاز تا ق ة متباةنة تب ا

الم ا  الا   اتوا ي   المنيتة   عن ا تباف المي  ا وت مل   ي    في 
ح
عس ا اتجاائ عئ  اتوا ي من ع  ي    ا ع ول  اتد الم ا   تا ق  مسبقا

ع ول ئت س ح  الم ا  في ذها اتوا ي  تستخا  و    ة. المي اةنياتاز اة و  الم ا   تسرا   اة بال المي مإبات ا في اتبجرا واتخيا  مم ة 

تهبها    وتكن ي تبر   الإتتاع الم  ي اتيئاعي.  % من 85سوان   ي لسبة تي ا  ن  ا ب ع ي تما ات لقطا  اتيئاعي وت   ات را ا ير لأ 

تلجرمرز    اتتبا  متخهي اتقرائ في اتقطا  المائح عبا الأةباا اترت سة اتتح ياز  اتتسااي المطري خفل ات  ر ةنواز الما  ة  

 ا  الأمن المائح تائجة تإل المي اة ياف     ا اتهي اا ي الموائ  المات ة  ا ائي    في اتتجاةاز   قا بر ز ات اةا من    .اتوا ي   ا   ي ذه 

ع     و في  ا ائي   يتقر  المناطق.   ح ر  اتقاتمون   ي  اتب اتاز وا ي  المناخ ة  الأةاة ة  الم لوماز  و   المي  اترصا  مجطاز  من 

و والمطر ة   اتوا ي.  لم ا   المستاامة  الإ ائي  في  مل ة  تسا ا  اتبجع   رمي  اتتح  عةباا  ذها  تجل ل  الم ا     ي  مم از  اتخيا  

طو لةا  تيجراز  من ة    ا  ئجاز اة رائي و تتغرراز المطر ة  ا توا از  و ناخ ة  الم ب اتاز  ات وتجل ل    جمع المتا قة في اتوا يا من خفل  

الأئاض ح الميئو ة ومهت    في مساباز  اتيئاعي وتأثررذا   ي    ا اتتغرراز  اتقطا   في  ل اط  اتخيا  مبرر  اتائاةة  عظةرز  . واا 

% خفل الأئب رن ةنة الما  ةا مما توا لم اتائاةة اتخيا  في  74مسابة الأئاض ح الميئو ة في وا ي ح ر بنسبة تإل المي  

المستقبلا   في  المطري  اتتسااي  اتتاج ة  م الاز  اتخيا   من  وباتتالمي   اتيئا  ةا  الم اص ل  ات اةا 
ح
ةؤثر ةلبا   ي  خل    مما 

   . تل من   ي الااتإا  اتوطنح  ومهت     ا الميائ رن 

 

 تهبها اتتسااي المطريا اتقطا  اتيئاعيا تغرر المناخ.    ا و ةةمإا ئ الم ا  اتسطج ةا تا ق الأ الكلمات الدالة: 
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من   ات اةا  في  ئت س ة  مؤيراز  المطر ة  الم طاز  ات  ر ة    اتتخإإاز ت تبر  تفةتخااماز  الم ا   بتوا ر  تتنبأ  لأن ا 

  المطر ة اة الاز  تي ا   عن  من المتواع    ا   ي مخرجاز اتنمالع المناخ ة واتتوا از الم تملة   بناءح و   اتب ئح. واةتخااماز اتنظا   

تجاةا  المتطر ة ب ئميز ذه  اتائاةة   ي  ئاةة تل  اة الاز  في المملكة ات رب ة اتس و ةة.    منطقة مكة المكرمة   المتطر ة في 

وا ا ي    تلمجطاز المطر ة ةسا  ات ا  الأمثل  لإ   والمناخ ةا مثا ة الأمطائ في منطقة اتائاةة وئبي تبائيسةا وج وتوج ، ا المات ة  

مواا   ا تما   ةا.  تو يع  ت تد  اتائاةة: طر قترن     ةه  
ح
اتاوت ة    : عولا الائصا   منظمة  م اةرر  بسا  الم طاز  وتو يع  تق  د  ا  

 (WMO ) و ا   تق  د مستوى  ا  اتااة برن الم طاز اتقاتمة من ب ع ات ا  واتتو يع من خفل تمولع ئ اض ح برن المسا ة  و   ا

: تد اةتخاا     . اتااة في اتب اتاز 
ح
ب ع ت تما منه  ة    ا ( (ArcGIS 10.8ع واز اتتجل ل الموالح وع واز اتتجو ل في تظا   ثات ا

اتتجقق من  ا و ( Spatial Analystبجع   ي اتتجل ل الموالح بأةلوا منه  اتتجل ل اتوصيح من خفل تطب ق الم لل الموالح ) ات 

  أ أن م الاز اةنط تلطر قة الأولمي ب ت ل الأوت ة  ا تضح من اتتج . وا م الاز  ا  اتتوا ق برن الم طاز الم اوئي والمسا ة اتتح ب ن د 

اتب اتازا   المربلة     في ذه   ة مع المسا ة ت سلم واض   اتائاةة والة  جراء  ا مما يستاعي    عس ا وجو  مساباز مبرري بمنطقة 

  أ م ا تة خط ة تق س م ال اةنط   واةتنباط تإن ف الم طاز     اي  وامل من عجل ت ل تتأم ا اتتغرر ب  ئاع  ا المي ا من اتتج 

بنظد الم لوماز اة غرا  ةا    ا لاةتيا ي من اا و مسة بسمع اتب اتاز اتتح ةمكن ا . تها تد اةتخاا  اتطر قة اتثات ة  مع المسا ة 

ا وتد تجاةا ع بل الموااع لا ا ة مجطاز جاةاي تا د  ( (ArcGISباةتخاا  ع واز اتتجل ل الموالح وع واز اتتجو ل في تظا  

 .  لمنطقة مكة المكرمة ات بكة اتة ائوتوج ة  

 

 ا ئصا الأمطائ. ب اتاز اتة ائوتوج ةالمتطر ةا تغرر المناخا ات  المطر ةاة الاز المملكة ات رب ة اتس و ةةا  :الكلمات الدالة
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The water situation in Northern Jordan presents a critical challenge, demanding urgent attention and strategic 

intervention. Efforts are underway to identify sustainable water resources, with a focus on desalination and 

treated wastewater reuse. Advanced data collection and analysis techniques are being employed to evaluate 

water scarcity issues in the region, exacerbated by the excessive groundwater extraction of 171.85 MCM. In 

order to reverse the situation and alleviate the water stress in Northern Jorda n, it is important to consider all 

resources and users, i.e., the supply-side engineering and demand-side management, and to plan and manage 

the water sector in an integrated approach. On the supply side, initiatives such as the reuse of 18.8 MCM of 

wastewater in areas like Irbid, Wadi Arab, and Shalala WWTP to replace groundwater, brackish water 

desalination, and managed aquifer recharge are the most promising options that will contribute to addressing 

water scarcity. On the demand side, implementing water  conservation measures, especially increasing 

irrigation efficiency, is probably the most effective way to balance groundwater use. Moreover, on the 

governance side, raising users’ awareness and curbing illegal groundwater abstraction will help protect 

remaining groundwater resources from depletion. All these management options represent essential 

components of a strategic intervention to ensure the long-term sustainability of water resources in Northern 

Jordan and ensure its service to the socio-economic development of the region. 

 

Keywords: Groundwater analysis, Holistic water management, Water sustainability practices, Resource conservation, 

Jordanian aquifers, Water resource planning, Sustainable water strategies. 
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The availability of drinking water sources is a reflection of the water quality in any particular region , country, or city. 

Given the importance of this topic, the problem of the study lies in evaluating the quality of the available water types 

(Man-Made River Project, local desalination plants, and big desalination plants) in Benghazi, the second largest ci ty in 

Libya in terms of area and population. This study aims to conduct a comprehensive survey and assess the quality of 

drinking water in Salmani Neighborhood in accordance with the Libyan specifications and the World Health 

Organization, to provide a database for the public and decision makers, and a reference for future studies. A total of 35 

samples were gathered during the winter of 2023–2024 from the following sources: 15 samples from the Man-made 

River Project (tap water), and 20 bottled water samples from local selling points. The samples were collected in sterile 

bottles and placed in a refrigerated container, then transferred to the laboratory for chemical and microbiological 

analysis within 24 hours, and the results were compared to the Libyan Sta ndard No. (82) for the year 2013 and the 

World Health Organization (WHO) Drinking Water Standards (No. 1409 -01 of 1993). The findings showed that, 

according to both WHO and Libyan standards, the water samples from the mainline and distribution network line s of 

the Man-Made River project had the best water quality. The results of the bottled water samples were in compliance 

with the Libyan and WHO standards, but their quality varied in the chemical parameters, where the best bottled water 

quality were from Al-Aseel Factory, and the Eastern Salmani District area had the best water quality from the local water 

selling points. 

 

Keywords: Man-Made River Project, Water resources, Water quality, National standards, WHO standards. 
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اتغمقة  اتسوئي   ا ي تبر بو   اتسابل  من  اة نوبح  اة يء  في  ةقع  ذطول    ا اتهي  بم ال  تتمرز  اتتح  المناطق    المي إل  ة  المي  مطري  من 

 في ات را  . وي تما ةوان ذها  ةنة /ملد 1000
ح
  ل ا

ح
خاصة ةوان  ا و اتيئا ة والاةتخااماز المنزت ة و اتسابل   ي م ا  الأمطائ ا تما ا

من    ا ة المرتي  المناطق   ي اتون  تتسم  ةا    تقا وتكن د  المتا قة  الم ا   ة إا   تو ر وةاتل  عس ا  ا   اتإ ف  في  إل  الم ا   في  با  

تها    .
ح
ص يا من ا  المي  والاةتيا ي  اتائاةة  ذه   باةتخاا   ا ت اف  اتساب ي  اتغمقة  في بو   الأمطائ  م ا   ة إا   الموااع  علسا  خت ائ 

الم اةرر   مت ا   اتب اتاز  ت اتتجل ل  وم اة ة  اةح د( تجل ل  اتإغرري  )اتساو   اتسااز  تبناء  المطلوبة  اة غرا  ة  منطقة    الموات ة  في 

تقن از تظد الم لوماز اة غرا  ة لاخت ائ موااع اة إا  المائح الموات ة من خفل  اتنمهجة  اتائاةة. اةتخاملم   يمللم  . واا  توظ ف 

الأئ :  الم اةرر   ةطح  تد  تتوص ف  واتتح  المنطقة  اترامح   بناءذا طبويرا  ة  الائتيا   تمولع    (SRTM DEM, Resolution 30m)  من 

الاتجاائ   باةتخاا    والم اةرر ومخطي  )   اتة ائوتوج ة  اتتجل  ي  اة غرا  ة    ( Arc Hydro toolع واز مر ق  الم لوماز  تظد  برتام   من 

 (ArcGIS  تد .) الأئاض ح واتغطاء    از تجاةا اتسا  اة ر ان ويبكة وئتا الم ائي المات ة ومخطي تو   اتةطول المطري وم اةرر اةتخاام

الم اةرر اتنباتح.   مت ا   تمولع  تبناء  الم اةرر  ذه   الموااع ت   اةتخاملم جم ع  ع بل  المطلوبة   تبناء   تجاةا  اةنراتي  و ا  اتسااز  صنيلم 

 
ح
تد اخت ائ   ( Suitability map)  خر طة المفءمة  ( ومن خفل بناء weighted overlay مل ة الم اة ة )    وباةتخاا  ا تلم اةرر اتسابقة   و قا

  1والمواع اتثالح بمسابة    2مد   4المواع الأول بمسابة    : تسم ع م ا  الأمطائ تإ ح لإاامة اتسااز المطلوبة ت ثفا موااع لإل اء ةااز  

. وتقع ذه  الموااع  الم ا  اتن ائح لاخت ائ المواع هي  المساباز المتو ري في منطقة اتائاةة ب ع  اتلم    ا 2مد  1والمواع اتثاتع بمسابة    2مد 

اتائاةة   عئاض ح   ي  اتثفا   بمنطقة  مقائتة  الائتيا   و متوةطة  مث ية.  ا  عو ةة  اتائاةةا   من يبكة  توص از  عذد  تق  د  ومن  اجراء 

لموااع  ميإل تلموااع اتن ات ة مع الأخه ع رن الا تبائ م اةرر اتجربة والم اةرر اتب ئ ة والاجتما  ة والااتإا ةةا واجراء   ائاز م اات ة ت 

 المنتائي تلتجقق من مفءم، ا. 

 

 .المطابقة اتو ت ةاتساازا عتظمة بإا  الم ا ا اتنمهجة الموات ةا اتسابل اتسوئيا  الكلمات الدالة: 
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ذ  ة  . وت تبر  اتبجر ن عبا اتقطا از اة  و ة اتتح ت اف المي تو رر خاماز الم ا  اتنق ة وات   ة تلسوان  مملكة  يُ ا اطا  الم ا  اتبلاةة في

ب ع تقو    ي اةإال خامة الم ا  ة م ع المنتي رن من  ا  اتكةرباء والماء في مملكة اتبجر ن الميو  اة إري تلم ا  اتبلاةة تلمواطنرن والمق مرن 

المنا ل   المي  تإل  اتتح  الم ا   وجو ي  مياءي  واة ياظ   ي  وص ات، ا  الم ا   يبكة  ت غ ل  اتة  ة   ي  وتقو   باةنامة.  تيو   طلا  تقاةد  خفل 

خاا  تظا  المقائتة المرج  ة تق اا مياءي وجو ي الم ا   والمن  ازا ا ا ة المي اصاائ اتيواترر ات ةر ة لاة، فإ الم جرمرن. تهت ا لابا من اةت 

ولت  لم ر ة ع اء ا  ا ا ة المي تق  د اةناماز المقامة تلم جرمرن والمت لقة بقطا  الم ا  اتبلاةةا  ص اتة يبكة الم ا  و مل ة ت غ ل و   بلاةةات 

في مستوى ج ا. وتكمن م ولة اتبجع    ابقات وات مل   ي ما ةسا تجس ن  والم ا ظة   ي    ذها الم ال واةناماز المت لقة ب مملكة اتبجر ن في 

ا ت تد الاةتيا ي من   تق  د ئ ا ات مفء  ن اةناماز اتتح تو رذا اتة  ة  ةتبمنتق  د جو ي خامة الم ا  اتبلاةةا   ا  وجو  تظا  يامل ت  في

المساذمة في مراج ة عوتو از اةنطة الاةجرات س ة تة  ة اتكةرباء والماء المت لقة المي  اتبجع    ذها  ذاف.  تق  د اة ةو  المبهوتة تتو رر الم ا  اتبلاةةت 

الم ا  اتبلاةة من عجل تجاةا جواتا اتقوي عو اتب ف في  ل  مل ةا تجرمرز الاذتما    ي اة اتا اتهي ةسا تجس ن  ولت  من خفل    بقطا 

تسا ا   ي ا اا وتطو ر    ة  ة اتكةرباء والماءاوا خال مؤيراز ع اء جاةاي ت   اتبلاةةابإر المؤيراز المطلوبة تق اا جو ي خامة اماا  الم ا   

تسم ع المؤيراز لاز ات فاة بخاماز الم ا   اةناماز اةناصة بالم ا  اتبلاةة. وتتسم ع اتب اتاز في ذها اتبجع واتتوصل المي اتنتات ا  قا تد  

. وباتتالميا  قا  
ح
   ي تد اة إول  اتبلاةة من اتائاةاز اتسابقة ومقائت، ا بالمؤيراز اتتح ةتد اةتخاامةا وبساب ا في ذ  ة اتكةرباء والماء بات ا

مؤير   40 فاة مبايري مع  مل ذ  ة اتكةرباء والماء في مسال تيو ا المواطنرن والمق مرن بالم ا  اتبلاةة. وب ا لت ا تد تإن ف اتم  و ل  مؤير 40

ا تد طر  توص از تة  ة اتكةرباء والماء تلمؤيراز اتتح تتواجا من ب ع اةتخاام  من  ام  في اتة  ة وتوا ر اتب اتاز اتف مة تق اة . ع ا لت  

مقجر  لابتساا وجمع اتب اتاز  مع  اتب اتاز المطلوبة تق اةةاا وتوظ ف ذه  المؤيراز في متاع ة وتطو ر اةناماز اةناصة بقطا  الم ا  اتبلاةة  

ص ح اتائاةة ببروئي  وتو   ومن ثد ا خاتةا  من المؤيراز اةناصة بقطا  الم ا  اتبلاةة.  ا اتف مة تق اا ذه  المؤيراز اتتح لا توجا تةا ب اتاز 

اتبجر ن  ترمرز   في  اتبلاةة  الم ا   المستمر    ي اطا   واتتطو ر  طر ق   الابتوائ  اتكياءي     ن  تت ي ي  اتهم ة  واة لول  اة اةثة  اتتكنوتوج ا  تبنح 

و وص ى تتطو ر ذها ات مل بابتساا جم ع المؤيراز اتتح تتو ر ب اتات ا   اطا  الم ا .  اةتاامة ةو   اة  تت كس ذه    وتجسرن جو ي اةناماز 

في مملكة   اتبلاةة  الم ا   اتبلاةة وخامات ا. وباتتالميا م ر ة جو ي ومياءي خاماز  الم ا   بمسال  ات اتد  في  الممائةاز  بأ بل  اتبجر ن  ومقائت، ا 

 وتجاةا عوج  اتقإوئ وباع ات مل   ي خطة تلتجسرن. 

 

 ؛ ذ  ة اتكةرباء والماء؛ تو يع الم ا . اةناماز اةناصة بقطا  الم ا  اتبلاةة؛  جو ي خامة الم ا  اتبلاةةفي مملكة اتبجر ن؛    مياءي وجو ي الم ا :  الكلمات الدالة
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Tenth Batch Students 
 

No. Name Country Project Title 

1 Abdalmoiz Suliman  Sudan 
Developing a Water Safety Plan for Kassala City, Sudan: A Stepwise 

Implementation Strategy 

2 Abdalrahman AlEnezi Kuwait  
Performance Efficiency Assessment of Sulaibiya Wastewater Treatment Plant 

in the State of Kuwait (2017–2024): A Descriptive and Analytical Study 

3 Abdulrahman Bakr KSA Developing SIO KPIs for Treated Wastewater Reuse 

4 Abeer Soulieman  Syria   في مجا ظة طرطواا ةوئ الم ا  بو  ن ر الأبرش اتتق  د اتب ئح المتوامل 

5 Ahmad Bali Jordan  
Using Water Audit Techniques to Mitigate GHG Emissions through Efficient 
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Sudan’s drinking water supply system lacks a Water Safety Plan (WSP) and relies on reactive crisis response. 

This situation poses significant risks to public health, economic development, and environmental sustainability. 

The study aims at contributing to the implementation of water safety planning in Sudan, by following the 

methodology of WHO guidelines for WSP. Moreover, the study also described the water supply system, 

attempted in detail to identify hazards and hazardous events at the catchment/source, treatment, 

storage/distribution/ collection, and point of use, as well as an improvement plan to be conducted after 

establishing the plan and its operation. This study has developed a plan for the development of a WSP in Sudan, 

to ensure the provision of safe and reliable water supplies, thereby protecting public health, enhancing the 

water supply resilience, and promoting sustainable water resource management. This study recommends the 

water-related authorities to adopt and utilize its findings to implement a WSP across all the states of Sudan, and 

to establish a National WSP task force to oversee its planning, monitoring, and enforcement.  

 

Keywords: Risk assessment, proactive response, public health, WHO guidelines, water security.  
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This study evaluates the performance efficiency of the Sulaibiya Wastewater Treatment Plant (WWTP) in Kuwait from 

2017 to 2024, framing its role within the framework of Integrated Water Resources Management (IWRM) and Kuwait 

Vision 2035. As the world’s largest advanced quaternary treatment facility using Reverse Osmosis, Sulaibiya plays a 

fundamental role in the National water security by reclaiming nearly 60% of Kuwait’s wastewater. This research adopts 

a descriptive–analytical approach, based on operational data from three key sources: the Ministry of Public Works, the 

Environment Public Authority, and the Utilities Development Company. Findings showed significant improvements in 

recovery efficiency, from 72% in 2017 to 86% in 2024, yielding over 1.28 bill ion m³ of high-quality treated wastewater 

(TWW), that consistently met and exceeded WHO, FAO, and KEPA standards. The 2019 capacity expansion proved its 

success in avoiding overload, yet by 2024 the plant was again operating at near -full capacity, emphasizing the need for 

further infrastructure investments. Despite these successes, some challenges remain, such as the lost opportunity of 

42% of unused TWW, and the continued discharge of brine by -products (~14% of inflows) into the Gulf. The analysis 

highlights that the main constraints to maximizing reuse are institutional and legislative barriers rather than technical 

limitations, with fragmented responsibilities limiting policy integration and low public acceptance. Comparisons with 

global (Singapore, California) and regional (Qatar, Oman) best practices, emphasize the importance of unified 

governance and reuse targets enforcement. The study recommends expanding sanitation networks, developing 

innovative brine management strategies, strengthening inter-agency coordination, and public awareness campaigns to 

raise reuse rates toward 80–100%, thereby enhancing water security and supporting Kuwait’s sustainability agenda.  
 

Keywords: Quaternary treatment, treated wastewater reuse, operational efficiency, brine management, environmental 

sustainability, Kuwait Vision 2035.  
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This study focuses on developing a standardized framework of Key Performance Indicators (KPIs) for treated 

wastewater reuse within the Saudi Irrigation Organization (SIO), aligning with the International Water 

Association (IWA) standards and Integrated Water Resources Management (IWRM) principles. Recognizing the 

growing importance of treated wastewater as a sustainable resource under Saudi Vision 2030, the study 

identifies and classifies 24 KPIs across three categories : Operational (12), focusing on efficiency, maintenance, 

and performance; Quality of Service (6), emphasizing customer experience, reliability, and responsiveness; and 

Economic & Financial (6), targeting cost recovery, and financial resilience . The methodology encompassed 

indicator selection, field validation, pilot application, and dashboard development to visualize performance 

and identify improvement areas. The results indicate strong operational and customer responsiveness 

performance, but also highlight weaknesses in energy efficiency, cost recovery, and infrastructure renewal. The 

study concludes that while SIO has a solid operational and service foundation, the proposed KPI system shows 

that there is an improvement opportunity towards achieving financial sustainability.  

 

Keywords: IWA Standards, IWRM principles, cost recovery, financial sustainability, Saudi Vision 2030. 
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ح
 متوامف

ح
 ب ئ ا

ح
ة و  ن ر الأبرش في مجا ظة طرطواا مع اتجرمرز   ي الموائ  المات ة اتسطج ة واة و  ة   تقا   ذه  اتائاةة تق  ما

 (DPSIR) الاةتساباز–الآثائ–اة اتة–اتبغوط–و وئذا في   د الاةتقرائ اتب ئح والاجتماعي والااتإا ي. تد ا تما  اطائ اتاوا ع

ا بمسمو ة من المؤيراز والم اةرر المرج  ة ات الم ة  ,WHO, CCME).ممنه  ة تجل ل ة تربي عل طة الم تمع باة اتة اتب ئ ةا ما ومح

FAO, EEA)     لش ئ مؤير جو ي الم ا
ُ
تتشن ا اتو ع اتب ئح بإوئي مم ةا     (WHI)ومؤير ص ة الم ا    (WQI) ومن خفل ذها اتنه ا ع

في بو  الأبرش ت الح من تلوا جرثومح وم م ائح  عظةرز تتات  اتتجل ل عن الم ا      (Proxy Indicators). مع الاةت اتة بمؤيراز باةلة

للم ا د مرتي ة تلقوتوت از اتبرا  ة   مقائتة   مل( (≈FC   100/7000م  وظا لا ة ما  نا وائ  اتن ر المي بجرري ةا الأبرشا ب ع سُ  

 0.53–0.13ملغ/ل(ا في برن بلغلم ترامرز الأموت ا )  13.6–2.7برن )   CODمل(. مما تراوبلم ا د  100/ 10باتخيا ةا  اخل اتبجرري )≈

ظةر اابل ة تلتإا ا في مواةد    4.1–0.6ملغ/ل( واتنجراز )
ُ
 مع باو  الاةتخاا  اتيئاعيا تكن ا ت

ح
ملغ/ل(ا بمستو از تتوا ق اجمالا

اتإر  م ا   عن  الم ط از  ذه   تؤما  اتي تون.  م اصر  خفل  جري  مل  ا  خإوصح اة يلم اتهئويا  وم ا   اتإاي   Olive Mill) ف 

Wastewater)  اتغطاء في  اتإنا  ة  ن تاذوئ  الأامائ  تلتلوا. والمي جاتا لت ا تك ف تجات ل صوئ  الأةاة رن  المإائ ن  تمثل 

ا في المناطق ات مات ة ات را ة من اة و ا  2015في ةنواز متتات ة ع ا   NDVI باتخيا  اتنباتح و  ا ي مخاطر الاتسرافا خإوصح

عن اتاوا ع ت مل اتنمو اتسوالح واتتوةع اتيئاعيا  DPSIR ما ي ي  اتتقال اترةوب از والملوثاز المي الم ائي المات ة. ةبرن تطب ق اطائ

عما اة اتة  راز اةتخاا  الأئاض ح.  اتي تونا واتنياةاز اتإلبةا وتغر  ب نما تتمثل اتبغوط في صرف صاي يرر م اة ا وم ا  جيلم 

ي في تاذوئ تو  ة الم ا  وتهبها مم ، اا مما ةؤ 
 
ي المي آثائ ب ئ ة وص  ة خطرري ت مل مخاطر الأمرا  المنقوتة بالماءا ائتيا    تتس 

توات ف الم اة ةا وتراجع خاماز اتنظا  اتب ئح. وفي المقابلا تقجر  اتائاةة اةتساباز  اجلة مثل تجسرن يبواز ومجطاز اتإرف  

اة مع والم اة ة وا ا ي الاةتخا  اة يلم  بر  لم ا   المي اتإايا وا ائي متواملة  تلت ر ةا ا ا ة  تبات ة ومإااز  ا ا وال اء عبيمة 

 اجراءاز ذ ول ة   ي الماى المتوةي مثل ايفق المكباز ات  وات ة وتطو ر ا ائي اتنياةاز اتإلبة.

 

 الاةتسابازا مؤير جو ي الم ا ا تاذوئ تو  ة الم ا .  –الآثائ–اة اتة–اتبغوط–ا ائي الموائ  المات ةا اتاوا ع :الكلمات الدالة
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Jordan is ranked as the world’s most water-poor country, with less than 61 m³ of renewable freshwater per person per 

year, far below the global absolute scarcity threshold of 500 m³. The water sector is highly energy -intensive, consuming 

approximately 14.9% of national electricity. Furthermore, over-abstraction of aquifers and high non-revenue water 

rates (46.2%) exacerbate this crisis. Addressing inefficiencies in municipal water use has therefore become a national 

priority, embedded in the Water Sector Strategy 2023–2040 and the National Adaptation Plan 2022. This study 

evaluates household water audits as a tool to enhance the efficiency of resources (water and energy) and support the 

mitigation of GHG Emissions through Efficient Residential and Institutio nal Water Use, aiming to achieve sustainable 

management. Flow rates of household fixtures in a representative residential unit located in the Al -Rashid suburb of 

Amman, Jordan, were measured before and after the installation of water -saving devices, in accordance with Jordanian 

Code standards. For this single household case study, annual savings reached 164 m³ of water and 3,187 kWh of energy, 

equivalent to 1.5–1.7 tCO₂e of avoided emissions. These household-level results were later scaled to the institutional 

case and national context to demonstrate the broader applicability of water auditing for mitigation planning. Financial 

analysis demonstrated that retrofitting reduced annual household bills by 328 JOD under current tariff structures, with 

potential savings exceeding 580 JOD, if billed under unified meter configurations. At the institutional scale, the Al -

Hussein Park audit (2023) confirmed the scalability of such measures, with combined water and energy savings valued 

at over 43,000 JOD/year. A comparison-only district-scale scenario for Al-Jami’ah (214,560 households) indicates city-

relevant savings (35.19 MCM/yr, i.e., 571.13 GWh/yr, i.e., 306.7/268.5 ktCO₂e/yr using grid EF 0.537/0.4702 kg 

CO₂/kWh), illustrating scalability without altering measured results. The findings highlight the co-benefits of water–

energy–carbon–finance integration through household and institutional retrofitting, framed within the IWRM and 

Water–Energy–Food–Ecosystem (WEFE) nexus approaches. Scaling such audits could contribut e to Jordan’s NDC 

mitigation targets, while creating pathways for integration into voluntary carbon markets. Recommended actions 

include institutionalizing standardized household/institutional water audits, aligning tariff structures with efficiency 

outcomes, and integrating audit outputs into MWI/MoEnv monitoring frameworks.  

 

Keywords: IWRM, WEFE nexus, Water–Energy–Carbon–Finance co-benefit, Household efficiency, Residential water use, 

Water demand. 
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ُ
وعةباا   وتقا الأمطائا واتت  را   عس ا  وامل طب   ة مثل اة يافا عمثر  ول ات اتد م اتاي من شح الم ا    منات من   إنفت

تن كس ذه  الأ مة   ا وتامرر اتبن ة اتتجت ة تت سة اة روا.اة و  ة  اةتخاا  تلم ا ا اة ير ات  وائح تلآبائ ا ائي و ع ر ة مثل ةوء 

   ي اتسوانا ب ع ةبطر الأذالمي المي يراء صةائ   الم ا  بتوات ف  
ح
 ةاو عو جلب ا    امرتي ةالسات ا

ح
  مناطق  من    ا

ح
ع  ايا مما ي ول  ب ا

   ي ص ، د وب ات د ات وم ة
ح
في المناطق  ولا ة ما  الأ مة الإلسات ة  ذه   في ظل    .وم قة مبرريا خاصة   ي الأطيال واتنساءا و ؤثر ةلبا

واتنات ة     اتر ي ة 
ح
تياةاا ت ةا  اتنا برنفي  اتتح  المي  ا  ع اا   اة اجة  الم ا   اةسا   عصبجلم  تتو رر  عوتو از منة  الآ بلول مستاامة  من 

اتطائتة والإتمات ة. المي    اتتاخفز  اتبجع  اة و  ة اةتجاوى  ماى   ئاةة  ي اف ذها  الم ا   في ضخ  ات مس ة  اتطااة  تتلب ة    خاا  

اتتح ت ةا مثا ة في اتنزو   ا  في  وتة ات من  يمال صن اءار ة ات مررةة في منطقة عةلد  في    اتنا بةاالم ل ة و   ابت اجاز الم تم از 

تد اةتخاا  المنه  اتوصيح واا    .تتجسرن اتكياءي اتت غ ل ة وتقل ل اتةائ   اتطب ق عتظمة اتتجكد  ن عُ ا مع اتجرمرز   ي  اتااخ ي

الأةاة ة )وباي اتضخ ات مس حا وعتظمة  المقجر  ومووتات     م رو  لالمواع المناةا ت  جمع ب اتاز مم ة وتو  ة بول تد  اتتجل  يا و 

ا الا عت  ة ساذد   ي تولية اتتني ه الأوت ة تلم رو  مرتي ةاتنتات  عن  عظةرز    .المراابة اتهم ة(ا ا ا ة المي تجاةا اتتولية اتتقاةر ة

بتبنح بلول  وتوص ح اتائاةة    .الم تقاز اتنيط ةاتخيا  مبرر في تيقاز اتتوات ف اتت غ ل ة من خفل الاةتغناء  ن  الماى اتطو ل ب

 من ب ع الاةتاامةا و اتإ اتة  ةةةلا تلب  ة ة صاةقاتطااة المتسا ي )ات مس ة( با تبائذا  
ح
   الا

ح
  ب ع ا بف

ح
 مستقرا

ح
تبمن اماا ا

تجسرن مياءي   من ا  عتظمة اتتجكد  ن عُ ةتسةد   مما     الح من تقا با .يمن الا تما    ي اتواو  اتتقل اي اتهي  وتقلل  تلم ا ا  

 .   قاان الم ا تقل ل  اتت غ لا وامت اف الأ طالا و

 

 .لم ا اةتاامة ا ا االم   ا اتنا برنا شح اتطااة ات مس ة ا الأمن المائح  ا ا ائي الموائ  المات ةالكلمات الدالة: 
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 ا
ُ
   المنوئي  الماةنة   منطقة  في  الاةجرات س ة  اتيئا از   من  نخ لات   ئا ة  ت

ح
 المي   اتائاةة   ذه   ت اف.  والااتإا ةة  اتاةن ة  لأذم ، ا  تظرا

  من لم ذه  اتائاةة  تم.  مجل ة  مإا ئ  من  م اة ة  م ا   باةتخاا اتنخ ل    تيئا ة  المنوئي  الماةنة  يرا  مقجر   مواع  مفءمة  ماى  تق  د

  ج وتقن ة   تقائ ر  ب اتاز    ي  المنه  ة  ا تماز.  م تماي   لم ة  م اةرر  و ق  والم ا   تلجربة  واتك م ات ة  اتيرزةات ة  اةنإاتا  تجل ل  خفل

تلريا  ات امة  المؤةسة  من    باةتخاا    ئ اض ح   تمولع   بناء  وتد  اتإلةا  لاز   ات لم ة  الأ ب از  مراج ة   المي  بالإ ا ة   ئةم ة صا ئي 

 ملوبة   المتغرراز   ذه    يمللم.  اتيئا ة  تسا   مؤير    ي  اتب ئ ة  المتغرراز  من   مسمو ة   تأثرر  تق اا  المت ا   اةنطح  الاتجاائ  عةلوا

.  اتنس  ة  واترطوبة  ات مس حا  اتسطو   ةا از   ا   ات بو ةا  الما ي  لسبة  اتجربةا  تو   اة مو ةا   ئجة  اتإو ةو ا  لسبة  الم ا ا

 اتت اةفز   ع    المي  اة اجة  مع  نخ لاات  تيئا ة  لس  ا  المقبول   اتنطاق   من  تقع  المائوةة  اةنإاتا  م ظد  عن  اتتجل ل  تتات   عظةرز

  اتب ئ ةا   ت نإاتا   وئ ة  ومتاع ة  مجاو يا  م اات ة   ئا ة  تسربة   بتني ه  اتائاةة  توص ح .  الم ا   وجو ي  اتجربة  مياءي  تتجسرن  اتيئا  ة

  الموائ   اةتاامة  تجو  المملكة  جةو     د  في  اتائاةة  ذه   تسةد  مما.  الم رو   في  اتتوةع  ابل  تق  د   أ اي  اتر اض ح  اتنمولع  واةتخاا 

 .ات  راو ة اتب  از  في اتنو  ة  اتيئا ة في واتتوةع المات ة

 

 .   ا اةتاامة الم ا  ولع الاتجاائ اةنطح المت ا المملكة ات رب ة اتس و ةةا جو ي الم ا ا اتيئا ة اتنو  ةا تم :الكلمات الدالة
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The link between water and energy, known as the Water –Energy Nexus, has become a critical concern globally and 

particularly in the Gulf Cooperation Council (GCC) countries. Most GCC states, including the Kingdom of Bahrain, rely 

heavily on fossil fuels to produce drinking water through desalination, as the region lacks natural freshwater resources, 

i.e., there are no rivers, lakes, or substantial groundwater reserves capable of meeting water demand. This study adopts 

a bottom-up analytical approach to quantify energy consumption across the three main stages of Bahrain’s municipal 

water supply system: water production, transmission, and distribution. The results reveal that desalination is the 

dominant energy consumer, accounting for approximately 83% of tota l sectoral energy use, followed by transmission 

(17%) and distribution (0.003%). Projections for 2025 indicate that the water production stage alone will require about 

1,816 GWh of electricity, resulting in an estimated 0.82 million tons of CO₂ emissions. The analysis further shows that 

Bahrain’s average energy intensity for desalination (≈5 kWh/m³) remains significantly higher than global best practices 

(2.5–3.5 kWh/m³). This inefficiency is primarily attributed to the continued reliance on thermal desalin ation 

technologies (Multi-Stage Flash (MSF) and Multi-Effect Distillation (MED)), which together account for more than half 

of total production energy consumption. In comparison, the transmission stage consumes approximately 1 kWh/m³, 

which is 30–50% higher than international benchmarks (typically 0.5–0.7 kWh/m³ in optimized gravity-assisted 

systems). This indicates a substantial opportunity to improve transmission efficiency through network optimization, 

pressure management, and pump performance upgrades. The distribution stage, by contrast, shows minimal energy 

intensity at 0.002 kWh/m³, aligning with global norms. To enhance efficiency and sustainability, the study recommends 

retrofitting existing desalination plants with advanced Energy Recovery Devices (ERDs), institutionalizing energy 

management within water sector operations, optimizing transmission systems to reduce pumping requirements 

through greater utilization of gravity flow, and strategically redistributing production facilities toward the North ern 

regions of Bahrain to minimize transmission energy losses. Implementing these measures would substantially improve 

energy performance, reduce carbon emissions, and strengthen the resilience and sustainability of Bahrain’s water 

sector. 

 

Keywords: Water–Energy Nexus, thermal desalination, carbon emissions, water production-transmission-distribution, 

operational measures, water sustainability.  
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Water scarcity and the growing challenge of wastewater management present critical issues in arid regions such 

as Egypt’s Bahariya Oasis. This study provides an economic assessment of Constructed Wetlands Technology 

(CWT) as a circular solution for wastewater treatment and resource recovery. A cost–benefit analysis (CBA) 

was conducted using an 8 percent real discount rate over 6,  10, and 15-year horizons. The evaluation is framed 

within the Water–Energy–Food–Ecosystem (WEFE) Nexus, highlighting the multiple  dimensions of CWT 

contributions. Water reuse reduces dependence on non-renewable groundwater abstraction. Solar 

photovoltaic systems replace fossil-based energy inputs and ensure sustainable operation. Afforestation 

supported by treated wastewater generates timber and biomass, contributing to rural livelihoods and food –

energy security. In addition, ecosystem services are enhanced through carbon sequestration, biodiversity 

support, and soil fertility improvements. The quantified benefit streams include wate r reuse (170,854 EGP per 

year), verified emission reductions, timber and biomass thinning (100,000 EGP per year from year four 

onward), nutrient substitution, and service fees. Results show negative net present values and benefit –cost 

ratios below unity under baseline assumptions. However, sensitivity analysis indicates that project viability 

improves substantially under higher water valuation, increased carbon credit prices, and partial capital 

expenditure subsidies. The findings suggest that while CWT may  not be financially viable in isolation, its 

integrated contributions across the WEFE pillars justify policy support and blended financing to realize long -

term sustainability in desert oases.  

 

Keywords: WEFE Nexus, Wastewater Reuse, Nature-Based Solutions, Cost–Benefit Analysis, Carbon Sequestration, Blended 

Finance.  
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The Kingdom of Bahrain faces severe freshwater scarcity and relies heavily on desalination, with about 45 –65% of its 

Treated Sewage Effluent (TSE) currently utilized in the agricultural sector. To improve water sustainability, Bahrain can 

expand the reuse of TSE to other applications, such as firefighting. This study aims to evaluate the possibility of using 

TSE as an alternative water source for firefighting in Bahrain. The methodology includes: 1) assessing TSE water quality 

by collecting data on the physical, chemical, and microbiological parameters of TSE and comparing it with the generally 

accepted firefighting water standards, 2) evaluating the suitability of the existing TSE infrastructure, and 3) assessing 

social acceptance through a short survey to have a first feeling about the public perceptions regarding the reuse of TSE 

for firefighting. The results show that most parameters meet the standards for firefighting; except chloride 

concentration that was moderately high, presenting a moderate risk of corrosion to metallic firefighting equipment, 

highlighting the need for corrosion-resistant materials. Additionally, the existing pressure in the TSE network (1.4 bar) 

meets the minimum pressure required for firefighting, but the TSE distribution network i s geographically limited, 

making a fully TSE firefighting system impractical. Therefore, a dual -supply system is recommended, using TSE as a 

supplementary source in areas where the sanitation network can reach. Moreover, the survey results indicate strong 

public support, with nearly 70% of respondents willing to use TSE instead of desalinated water for firefighting, 

reflecting a positive social foundation for implementing this initiative. In conclusion, TSE reuse is technically and 

socially viable for firefighting, however, challenges related to corrosion risk and the limited network coverage should 

be addressed by clear National firefighting regulations, network expansion, and the initiation of pilot projects.  
 

Keywords: Water scarcity, non-conventional water resource, water quality, sanitation network, social acceptance, water 

sustainability.   
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This paper presents a comprehensive case study on the assessment of municipal water demand in Salman City, 

a developing urban area in the Kingdom of Bahrain. As a small island nation with scarce natural water resources, 

Bahrain faces mounting pressure on its water supply systems due to exponential population growth, urban 

expansion, and climate-induced stress. Salman City, situated on reclaimed land and primarily composed of 

government-distributed housing units, reflects these national water management chal lenges in a concentrated 

urban setting. Using a dynamic modelling approach, the study employs the Water Evaluation and Planning 

(WEAP) system to simulate and forecast water demand and supply scenarios from 2020 to 2030. The 

methodology integrates key elements of Integrated Water Resources Manage ment (IWRM), focusing on 

improving efficiency, maximizing resource reuse, and ensuring sustainable service delivery. Data inputs were 

collected from various governmental bodies including the Electricity & Water Autho rity (EWA) and the Ministry 

of Works Sanitary Affairs, covering available and estimated household data, desalinated water supply, 

wastewater flows, irrigation demands, and non-revenue water (NRW). The analysis reveals a consistent 

increase in municipal water demand driven by new housing distributions and rising consumption rates, with 

desalinated water serving as the dominant source. Despite the presence of a fully functional sewage treatment 

plant (STP) in Salman City, the study identifies a significant sh ortfall in treated sewage effluent (TSE) reuse for 

irrigation or non-potable purposes, with a large portion being discharged into the sea. Additionally, water losses 

due to NRW, averaging 16.09%, present a substantial inefficiency in the system.  This research contributes a 

replicable model for other cities in the Kingdom of Bahrain for sustainable water resource planning and 

management in arid regions, offering practical insights for policymakers, urban planners, and water utility 

sectors. 
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The Kingdom of Bahrain is a clear example as a nation with limited freshwater resources. In response to these 

pressures, steps have been taken by the government to ensure water availability by initiating a reliable desalination 

network, considering desalinated water as the main non-conventional resource to meet municipal sector needs. The 

study aims to examine the environmental and economic impacts of adopting water-saving fixtures under the Gulf 

Technical Regulation for Water-Consumption Conservation Products (MC-230503-01) in Madinat Salman as a pilot 

case, with a focus on domestic water use to estimate potential savings in water and energy, reductions in carbon 

emissions, and financial implications for both households and the government. The findings show that retrofitting 

households with GSO-compliant fixtures has a potential of reducing indoor water demand by 18–36%, equivalent to 

0.55–1.11 million m³ annually. These reductions translate into avoided desalination energy of 7–15 GWh/year, 

natural gas savings of 0.7–1.4 million m³/year, and a decrease of 4,200–8,400 tCO₂eq emissions, along with 1.3–

2.5 million m³/year less brine discharge to the marine environment. At the national scale, scaling up such measures 

would provide meaningful contributions to Bahrain’s net-zero 2060 target while alleviating financial burdens from 

subsidies, estimated at 414,000–833,000 BD/year in avoided costs. These results highlight the importance of 

adopting efficiency regulations, behavioral assessments, and subsidy reforms to ensure sustainable water 

management and strengthen Bahrain’s resilience under the National Water Strategy 2030. By upscaling the 

assessment beyond Salman City to the national level and including the potential savings from wastewater treatment, 

Bahrain could significantly reduce water demand and lower the financial burden on the government. 
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Before the October 2023 war, Gaza’s water sector was already in crisis due to chronic shortages, seawater intrusion, nitrate 

pollution, over-reliance on groundwater, and underperforming WWTPs. The war severely worsened these conditions, erasing 

two decades of progress. By October 2024, about 85% of water and wastewater facilities were destroyed or damaged, domestic 

water supply had dropped to 10 l/c/d (far below Sphere Standards), all WWTPs had stopped operating, and only 5% of 

agricultural land remained cultivated. In response, the Palestinian Water Authority (PWA) developed the Gaza Recovery and 

Restoration Plan (GRRP) to rehabilitate and expand water and sanitation infrastructure. While the GRRP emphasizes flexible 

and sustainable recovery, it lacks an adaptive decision-support framework to ensure integrated and long-term sector resilience. 

This study applied the WEAP model to evaluate the Gaza Recovery and Reconstruction Plan (GRRP) by validating its objectives, 

assessing the sector’s sustainability, and optimizing the plan’s performance, with a particular focus on domestic water supply. 

An evaluation-focused approach was adopted, representing Gaza as a single catchment with four supply sources, two demand 

sites, a wastewater node, and three return links. Two scenarios were tested for 2024–2034: the GRRP scenario, which 

evaluated proposed interventions to measure unmet demand and the sector’s sustainability, and the Optimal Scenario, which 

coupled WEAP with Python via the WEAP API to minimize unmet demand by optimizing supply inflows under defined 

constraints. The results showed that while the plan rapidly achieves Sphere Standards in 2025 (15 l/c/d) and restores pre-war 

supply levels by 2029 (86 l/c/d), unmet demand persists in most years due to slow rehabilitation during 2027–2028 and 

limited supply capacity. Optimization with Python reduced total unmet demand from 32.1 MCM to 21 MCM, yet structural 

constraints prevented fully closing the supply-demand gap. Agricultural recovery relies heavily on groundwater because 

wastewater treatment and reuse remain insufficient, leading to continued marine pollution risks. In particular, significant 

quantities of domestic sewage and treated wastewater, peaking to 20.6 MCM during 2031-2033 and to 23.9 MCM in 2029 

respectively, are projected to be disposed directly into sea. The study concludes that although the GRRP provides a strong 

foundation for the water sector’s recovery, adaptive strategies and integrated planning are essential for long-term resilience. 

Recommendations include expanding WWTPs and reuse schemes, securing sustainable energy for critical facilities, promoting 

efficient irrigation, refining WEAP with higher-resolution data, improving model validation, coupling it with hydrogeological 

models to better represent surface–groundwater dynamics, and institutionalizing the WEAP within the PWA as an adaptive 

monitoring and planning tool.  

 

Keywords: Gaza Water Crisis, Domestic Water Supply, Gaza Recovery and Reconstruction Plan (GRRP), Water and Sanitation 

Infrastructure Destruction, Palestine.  

  

mailto:karamalaoor@gmail.com


P a g e  | 170 

 

Diagnosis of the Groundwater Management System and Framework Development for 

Operations and Management for SCE and MUN, Bahrain 

 

Mohamed AlJanahi 

Email: maljanahi@sce.gov.bh 

 

 

Supervised by 

Prof. Waleed Al-Zubari    
 

Groundwater, a vital yet overexploited resource in Bahrain, faces growing challenges due to increasing demand, 

over-abstraction, and emerging regulatory requirements. This study conducts a diagnostic assessment of 

Bahrain’s groundwater management system and develops a framework to strengthen operations and 

governance for the Supreme Council for Environment (SCE) and the Ministry of Municipalities (MUN). Using a 

mixed-methods approach that includes data analysis, stakeholder engagement, and gap assessment, t he study 

identifies key institutional, regulatory, and technical weaknesses in existing groundwater monitoring and 

management practices. Based on these findings, a structured framework is proposed encompassing improved 

monitoring systems, sustainable abstraction mechanisms, technological integration, and governance reforms. 

The research provides actionable recommendations aligned with Bahrain’s National Water Strategy and 

international best practices, offering a roadmap for sustainable groundwater managemen t and long-term water 

security. 
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Physical losses of water are one of the major challenges faced by water utilities, which they aim to minimize in the 

most cost-effective way. This research presents the World’s best practices for reducing water loss in the water supply 

networks. It also describes how water flows and is shared via the water distribution system. In addition, the research 

shows the activities, steps, plans, and actions implemented by Nama in Nizwa, Dakhliya Governorate, to lower the 

water losses. Nama has made significant investments in improving its water system and monitoring its performance. 

Additionally, it has trained its staff by establishing a special team to detect the leaks, and a support team that regularly 

checks and examines the system. The results show that Nama’s efforts to reduce physical water losses were 

successful. Despite the rapid increase in both the number of users and the amount of water supplied, all the important 

indicators had improved. The study concludes that using several programs and actions together is essential in 

reducing water losses, since they support and enforce each other. For further improvement, it is advised that Nama 

continues investing in the water distribution system, especially in setting up District Metered Areas (DMAs) and 

training its staff. Moreover, the recording and documentation of non-revenue water (NRW) data must be also 

improved.  
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The increasing reliance on desalination to address water scarcity in Bahrain has led to the generation of significant quantit ies 

of brine, a byproduct with detrimental environmental impacts. Brine discharge into the marine environment alters salinity, 

raises water temperatures, and introduces toxic chemicals, all of which disrupt local ecosystems and threaten biodiversity. This 

study explores the need for sustainable brine management solutions in Bahrain, examines the feasibility of various strategies 

aimed at mitigating the environmental consequences of brine disposal, and evaluates lessons from the GCC countries. 

Solutions such as controlled dilution, zero liquid discharge (ZLD) technology, deep-well injection, brine reuse, and the 

integration of advanced membrane technologies are discussed. Additionally, the study addresses economic implications and 

policy considerations for implementing sustainable practices. It concludes that a multi-faceted approach combining 

technological innovation, economic investment, and strong regulatory frameworks is crucial to ensuring the sustainability of 

Bahrain’s water resources and marine environment.  This research focuses on the management of brine water discharged from 

desalination plants in the Kingdom of Bahrain, intending to provide practical mitigation solutions tailored to the local 

environmental and operational context. A descriptive-analytical methodology was applied, combined with a field case study 

of five sites. The results revealed elevated levels of temperature and residual chlorine, alongside a limited application of 

advanced mitigation techniques. Based on data analysis and stakeholder consultations, a concise guideline has been proposed, 

outlining mitigation measures and regulatory requirements for future desalination projects. This study identifies practical 

strategies to mitigate the environmental impacts of brine discharge from Bahrain’s desalination sector, tailored to each plant’s 

operational and geographic context. Measures include brine blending with treated effluent or cooling water, multiport 

diffusers for offshore plants, and rotating discharge sites in shallow areas. Long-term options such as constructed wetlands and 

advanced technologies, like Zero Liquid Discharge (ZLD) and salt recovery, were assessed though limited by cost. Operational 

improvements, such as RO optimization at the RAJ plant, offer immediate potential to reduce brine volumes. 
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ت اف ذه  اتائاةة المي تطب ق ميةو  الإ ائي المتواملة تلموائ  المات ة تتجق ق اةتاامة ئي المناطق اتيئا  ة في منطقة ةا ات ق ق  

-  الأمطائ واتبخر  المناخ ة  اتب اتاز  بول   ياملة  ب اتاز  جمعا تماز اتائاةة   ي    .باتبابةا جنوا يرا المملكة ات رب ة اتس و ةة

تةا.    المائح  المقننمجاص ل( ومهت  بساا    8اتيئا  ة )تقاةر الابت اجاز المات ة تلمجاص ل  تمياءي تظد اتري  و    اتاز اتجربةبتتحا و 

ةا اتتح ت تما   ي الموثوا ا تتقاةر  تلسا   اتتإم م ة  اتب اتاز ا ا ا ة المي  واتة ائوج وتوج ة  اتطبويرا  ة  اتب اتازومهت  تد جمع  

تلس اة ر ان  بساا تاتتخي ن  منسوا)مراابة    اتت غ ل  اوا ا وحا  واترش   اتبخرنا  المني   ح داة اااتسطاي  مم از    تجاةا(ا 

   ن   تقل  لا   موثوا ة  ةجقق  س ا  م ال  ع  ي  تجاةامن عجل    س اات   لم الاز  ة نائ وذاز  10  اختبائ  تد  .من اتسا  الآمنةاتس ا  

   المقبول   الم  ائ)%  80
ح
 وثوا ة لمات و   /3    13,495ةسا عن لا تت اى  اتسا  بجرري  من  الآمن  اتس ا  مم ة   عظةرز اتنتات  عن(ا واا   الم ا

اتائاةة   ي  %.  80  من  عمبر  تقاتاز  بتبنح  اتياتاي  ت ظ د  ةتطلا  اتهي  الأمر  عبر لا   يةر  في   ان  مطري   ل و ذط  ع  يعن  مما عماز 

 84تإل المي تجو  )مبر مسابة  ئا  ة  لأاتري باتتنق ي ةجقق ع  ي مياءي في اةتخاا  الم ا   عن تظا   المي مهت   وعيائز .الم ا   بإا 

  برن  اتتوا ن   نبأو   ااتساو   ةتغفللا   اتتقاةراز  ع ق  ةو ر  الموثوا ة  تجل ل     ي  اتقاتد  ات لمح  اتنه   خلإلم اتائاةة المي عن (.  ذكتائ

  اتيئا  ة   اتتنم ة  وتجق ق  المائح  الموئ   اةتاامة   تبمان  المث ي  اتوصية  ذو   الميئو ة   والمسابة  المس وبة  واتكم ة   ات ات ة  الموثوا ة

 . المستاامة

 

 .  الإ ائي المتواملة تلموائ  المات ةمياءي اتريا اتةطول المطريا بإا  الم ا ا تجل ل الموثوا ةا اتيئا ة المستاامةا  :الكلمات الدالة
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This study explores the strategic alignment between Bahrain's National Water Strategy (NWS) and UNESCO's 

Intergovernmental Hydrological Programme Phase IX (IHP-IX), using Singapore's advanced water governance 

model as a benchmark. It begins by contextualizing Bahrain's acute water scarcity, institutional fragmentation, 

and climate vulnerabilities, then examines Singapore's integrated water sourcing, technological innovation, and 

sustainability frameworks. A targeted expert survey provided qualitative insights into the NWS's operational 

impact, sectoral challenges, and international alignment. Respondents highlighted strengths such as digital 

transformation and strategic clarity, while identifying critical areas for improvement—including stakeholder 

engagement, private sector inclusion, treated wastewater reuse, and the adoption of emerging technologies. The 

study emphasizes the need to integrate artificial intelligence (AI), Internet of Things (IoT), and machine learning 

into water monitoring and management systems, promote nature-based solutions for climate resilience, and 

institutionalize citizen science to enhance public participation and data collection. These recommendations 

inform the upcoming NWS update, aiming to position Bahrain as a regional leader in inclusive, innovative, and 

science-based water governance. 

 

Keywords: Water governance, Singapore’s water model, IWRM, sustainability framework, Digital transformation, 

Kingdom of Bahrain.  
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In Palestine, the Service Providers (SPs) are responsible for delivering water and wastewater services. However, they 

face ongoing challenges, including unreliable supply, inadequate infrastructure, and repeated damage to water 

distribution systems caused by the Israeli occupation. As the regulatory body overseeing the sector, the Water Sector 

Regulatory Council (WSRC) relies on a limited set of key performance indicators (KPIs) to monitor the water quality. To 

unify and standardize data, the Council developed a Water Quality Index (WQI) consistent with the international 

practices, marking its first attempt to implement such a tool. The WQI was used to evaluate drinking water quality for 

the SPs, considering both spatial variations across West Bank governora tes and temporal variations during the summer 

season. The study targeted nine governorates, focusing on the SPs with functioning water quality monitoring systems. 

Monthly water samples were collected by the SPs at 104 sites, resulting in 2,049 tests conduc ted between May and July 

2025. Seven parameters have been tested, including turbidity, pH, TDS, NO₃, FRC, TC, and FC, with results compiled 

by the WSRC. The Canadian Council of the Ministers of the Environment WQI (CCME WQI) was adopted to classify 

water quality grades during the study. Findings highlighted the overall patterns and the key concerns, not ably non-

compliance with FRC and nitrate standards. Despite these issues, the SPs maintained water quality ranging from fair to 

excellent throughout the study period. According to the overall CCME WQI, the SPs of Nablus, Jericho, Hebron, and 

Salfit municipalities achieved an excellent score (100). Jerusalem Water Undertaking (JWU), Water Supply & Sewerage 

Authority Bethlehem (WSSA), Jenin municipality, and Tul karm municipality were rated good at grades 92, 92, 83, and 

82, respectively. However, Qalqilya municipality recorded the lowest result with a score of 77, indicating fair quality. 

Results also showed minimal temporal fluctuations but noticeable spatial di sparities among governorates. Despite 

limitations, such as the short duration of evaluation, restricted sampling sites, and constrained parameters, the study 

offers an initial assessment of water quality in the main pipelines within the drinking water dist ribution networks of 

the SPs. It further emphasizes the value of water quality indices as practical monitoring tools capable of providing 

reliable results for analysis and communication with decision-makers.  

 

Keywords: Service Providers, drinking water distribution network (DWDN), temporal variations, spatial variations,  

water quality indices. 
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