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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: wic@agu.edu.bh; fadiamat@aqu.edu.bh; waleed@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

¢, 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.



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: wic@aqu.edu.bh, or visit WLC @ AGU website
at UNU Water Learning Center for the Arab Region | Arabian Gulf University
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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 AlIHammad 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
7 Hameed Abd-Ali AIMahal Bahrain Status in Tubli Bay, Bahrain
8 Muneer Ebrahim Hajjaj Bahrain The Pros and Cons of Water Privatization in Bahrain
9 Sayed Ahmed Salman Bahrain Gl dleay galull g Uadll 8 oluall 3 )] BoleS
AlHallay
10 Sideeqa Ali Al-Jazeery Bahrain Irrigation Efficiency of Date Palms Using Treated
Sewage Effluent in Bahrain Farms
11 Waleed Mohammed Al- Bahrain Impact of Brine and Chemical Discharges on the
Murbati Marine Environment: A Case Study of Addur SWRO
Desalination Plant, Bahrain
12 Yagoob Ahmed Abd EINabi Bahrain slall 5 ol yeSl An 8 408 sall oluall ) g
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- Egypt Irrigation Water Management Improvement of Old
Din Rizk Lands of the Nile Delta of Egypt
15 Ahmad Fawaz Atoum Jordan Qairawan Watershed Management Plan, Jerash,
Jordan
16  Buthainah Oqglah 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 Investigation of the Pollution Sources to Houses
Arabia Drinking Water Storage Tanks Burayadh City, Saudi
Arabia
21  Fahad Abdualkarim Al-Fada Saudi Constraints of the Reuse of Tertiary Treated
Arabia 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, Maharrag, 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/m?3,
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 km? 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 Il
(25 MW gas turbine with waste heat recovery boiler and auxiliary boiler and MSF unit) and phase Il (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 C° higher than the sea ambient temperature and the difference
could reach 15 C° 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 C° with ambient 32.8 C° while
for high tide it was 32.5-39.4 C° with ambient at 32.5 C°. 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 pus/cm during
high tide was observed near the outlet compared to a value of 5300 ps/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 ug/I for copper and 20-85 ug/| for Iron, which were higher than their baseline values (cooper
32.78 ug/l and iron 8.15 ug/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.
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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 (NHs), 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/m? with a tariff of 0.056 BD/m?.
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/m? 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/m? 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/m?3. The average unit cost from purchasing was estimated at 0.225 BD/m? from ALBA and
0.201 BD/m?3 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/m?3. 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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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/|, Nitrates=0.67 mg/|, Chlorine=1220
mg/|, Sulfate=284 mg/|, 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 (USS 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
USS$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 m?3, 489% (44 m3) and 1104% (773 m?3), 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
guantities. 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 2C 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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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 m? 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 EI-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 km?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
qguestionnaire 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
liguid 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/I,
exceeding the drinking water standard of 50 mg/I. It was found that 8 springs out of 17 have nitrate level ranging
from 50 to 233 mg/I, organic pesticide concentration of 0.01mg/I 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 km?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
guestionnaire. 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.
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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 (Cis, Hz, H3, O1s and Bi11) 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 km? 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
guestionnaire 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, NO,, Free Cl,, PH, Total Fe, Turbidity, Total Coliform bacteria
and E. Coli.

The water quality analysis indicated that the ranges of: TDS=435-636 mg/|, PH=6.8-8.09, NH3 and NO,
was nil, Fe=0.01-1.22, Cl, =0.05-0.31 mg/Il 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 Cl,. The
concentration of lIron was high in three samples, free Cl, 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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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.

Page |43


mailto:Fadhelae@works.gov.bh

Aallaal) aal) G pal) slia aladin Ay ) adiaall Jal a0 saa Al g

Isa Ahmad Al Malood
Ministry of Work, Bahrain
e-mail: essaa@works.gov.bh

Supervised by
Prof. Mohamed Abdulrazzak and Prof. Waleed
AlZubari

S sam A 5 G Jaad juad g ) dae 3al ) Jh 85 S AR o jaal) ASlea A Adilall o) gall 3 a8 JiS
I3l 08Ty slall 4l pue jalaall aal o dadleall sall Gipeall sl o &1l 3 oaall Copaall slial yaiusn 32 )
Alall el e la ye ol Sl delicall (al el b aadiegl ASleall ALl claliall aw (AL ysae | s ey ¥ aadll 1
Leic @ll g o ghil) (pe dpuia y Y1 5 Ailall Aaall Alan (5 5k 5 Jilis s anf (e (8 Alad 530 Aallae aall oyl olse dallns ()
Ol Al (58a 5 duind) A glaiall Jala lels Wy ysnisale) 5 oluall a3 (e () Galiill g daacall ddal) dalladl 6
Ga B cila s sls sl ASlas 8 olsall Lilia) | jnan Liallas 2oy sl Copeall ol aaiy disaa g 4l e Lliall
Sl 55 ) gl e Aleall 3 ae Ly obaall o3 Aallaa o Y ALYl dlaill Jia s ,AY Ll e ilad)
Clahasall (5 ) 8 ba sead g4 ) 3l al e S dalleall aall Cojeall slye ans alasind sale) 5 ) 5 i e 5 a1l il
ASLed) & ailaall g o) padl)

2 jlie el llaall aaall Copeall ol aladiul sad sl aainall @sle uad s 4 e ) Gl 138 o
4 jee o Aul ) oda A o) a1 (e 2469 Of Al yall gl < jedal sl g e die el Alblae dal 3y A Al o3a il
s ol olpe alasind (34 5l ade o 31 pla 281 a8 (o Gt 520 45l 1 pedal 5 e i) (g (g el olie iy (SLal
%648.6 Ay ot 5l Salall sa il Jalall raal €9459.2 Aty Gt ) 8 daall e Casal) IS G dad cdalladll
adlall e elzadll o Lgi a8y (g jlaal) sl 485 e deadiial) coluill 50USy ST A5 Lgal maal Al () iny Laa
aladial ol V) de 5 o8 SIS Al o) gall 138 DY L Lile il Jaladl Jlay cclld (e a8 I oS5 el jSaall
Q\;\)'Aﬂ\:\sb)c@ﬂ\jigﬂ\‘;;\yﬁyw\QAJ\;A@‘&;LJJJH\L'}Ad).&@i&;ﬁuw\gj;d\a\:m
A B s Ja 5 Y calaninl) 5l aadi i) laaiu¥ g i sal) slaall 49335 dalualdl (il sal ddeluall (@ilaall o Al sl
oo alasiiul & ol V) e 5 (miasy Jlay Lol )Y 13 (815 caedll (5 sisey Baaed) VLl g LlLe dasi 431 ) cagiun sl
Aalud) Gl sad g cgaall 5o il Alla A s LaS 4 (i) a1 yilae Yliai) Juaite aladin¥) 138 S LS dalladll (5 ol
OF A Al ALY 138 S LS byl 238 aladind (A agie ) adi 5 Gan o calaninl) 5l aad il AtV 5 A sall slaall A0
O LS Aeliall & 5 @ilaall gy 3 Gl Sl e ol gl i de ) 3l oluall o3a aladiind Alla 8 58 LS GluY) auea
ol ol cant SO A SVl (e gl B Aallaadl (5 jlaall sl aladin aguiad Adla) b adal slasiud e ol 31 Ciled
Yl (e (sl (8 obuall 038 aladiiad i 3l V) A ) e 5 Y Al slaall e i) o e Jay Lee g lall o1

Page |44


mailto:essaa@works.gov.bh
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Sameera Ebrahim Ghareeb
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Supervised by
Prof. Ahmed Ali Saleh and Dr. Alaa El-Sadek

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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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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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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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 Marafig 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 Marafig 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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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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Amany Mohammed Al-Ajmi
Kuwait
e-mail: amany3@live.com

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

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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Wastewater Management in the State of Kuwait

Bader Akbar Jaber Akbar
Kuwait
e-mail: BADRANNG666(@hotmail.com

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

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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A sall slaall jaliae 43 ol @lld g mdad) J oo (AL (& LS g 5K A gy (3lei Ladie o g 5 g Aplal) Al - jhas
i) IS 5 bl slaall 3y 5 51 ) saaaeS Lgle ading S Aplal) Cillasa olid Adlel) 22K ) A8 e choaad aae
o pan iy oS A 9o 8 A sad) slpall M) o sl Al a5 ALl bl 5l JBA (e (01 A amad dailly) 21K 460
Gz (§ o8 Y amay A sadl olaall Cans sy clld gy KI5 8 48 gl bl gusia (3 palina g Lo gale S s da s
slall 310Y oSl de gana g aladl) Ak 8 llh g agal) Sl aamall 1agl Gusaall e Sl sdiall onall daii Wadan
3833 ) geay 8 gall () Al s ) sual apsad G lall 5 aigall L J sty Al oS 4 )11 dazaly )11 oz 3laill aladiin) oy 56 LS5 48 sl
Al o Al e 5 jisall <l )l A1 &5 ey o sadl ) AN @l sha Jala 5 Al 5o @lld ey adde Jgasd

e slrall alai alasiwly oS e sana s aladll ol 34 cilidal 3 5l Cara gill g Al jall 038 (e syl Cangl)
;58 A sana g alaall ol 3a1 el pUaill Jiay idaly ) 723 sad ol A Cia i) 13 Gadl8 Als yo 8 JaSind A1 )
DT dae (Al all o2 b a5 a8y Ailes s 4iaii g o)) 301 3100 b Lgae 3 Ay 1ol Blal oy sV AT 53 b olaall o) 5a 30y i sl
AL 5 Age )3l shaliall 5 LY (Sl 5 oy oSU A gal 48 sl olyall cliadall ASLaws 5 olsall ypaslio Jias ey 5SI A gl Aoy jA (4
plell dida 5y Sl de gana (e S

Page |65


mailto:Meshal2008@hotmail.com

o<l AL ga (3 Aallaal) olpall (ha (5 gacall) BT

Salah Al-Saffar
Kuwait
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Prof. Waleed AlZubari and Dr. Alaa El-Sadek
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Fourth Batch Students

No. Name Country Project Title
1 Emad Hallag 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 Gl shaall alai aladiily ead) il Jlad doadacd) slall 3 ) 5e i
3 il
5  Ahmed Abd alsaleh Libya clas dalaia o ALl 3 ) sall AL B yla3M ‘;JKJ\ ez,}l\ i
6  Najat AIMesmari Libya Jaall &I g0l 5 i pad Ailall Jadlisal) 5 Cllall duadial) 3 l0Y)
A R.u\)a cL..\..\...J c).aa‘y\
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 Saudi G sina o W yiliy ol pal el 8 Ll e olud) plasin sile)
Tuwaibah Arabia A A & g i Glad A 5 KU A 5 puall 3003l pealiall (he 3 Al
303 gral) Ay =l ASL) celuaYl G yuall
10 Hesham Saudi N g il e slaall jalias 30y AlaSEal) dasl i) sl
AbdulMohsen Arabia claaYl o peall
11  Ataka Zabarah Yemen & Ol / allaal) aad e Jaléall 8 olaall 3 ) gl ALalSiall 3 l0Y) ) 9
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: emadhallag@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 km?, 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/km?/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 (C,) = 74km3, average annual inflow of water (I) = 50 BCM, inlet sediment (Qsin) = 280 Mt\year, and
appropriate average value for the sedimentation factor (B) = 0.035 (0.015 to 0.056); the Expected trap
efficiency (TE) is equal 97% at the beginning of the operation.

Page |71



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/m? 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,
Ts, and Tg 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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Libya
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Ahmed Abd alsaleh
Libya
e-mail: ahwas85@yahoo.com

Supervised by
Prof. Waleed AlZubari Dr. and Alaa El-Sadek
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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.
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Saudi Arabia
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Hesham AbdulMohsen
Saudi Arabia
e-mail: hisham_11@yahoo.com

Supervised by
Prof. Waleed AlZubari
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Ataka Zabarah
Yemen
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Management of Groundwater Resources in Abu Dhabi Emirate, Al-Ain Area Case Study

Alia Al Otoum
e-mail: aliaat1971@hotmail.com

Supervised by
Prof. Waleed AlZubari

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 Sadig 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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SWOT Analysis of the Agricultural Sector in Bahrain

Fadia Tashtoush
e-mail: fadiamat@agu.edu.bh

Supervised by
Dr. Abdelhadi Abdelwahab
Prof. Ahmed Ali Salih

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.

Page |84



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

Al-Anoud Al-khatlan
e-mail: alanoudkuw@gmail.com

Supervised by
Prof. Ahmad Ali Saleh
Prof. Asma Abahussain

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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A comparative Study between the Quality of Tap Water and Bottled Water in the State of Kuwait

Bashar k. Alfadhli
e-mail: bashar2u@gmail.com,

Supervised by
Prof. Waleed AlZubari
Prof. Ahmad Ali Saleh

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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Assessment of irrigation performance for fodder crop production in Abdaly area

Eiman Mohammad Mansoury
e-mail: mrs_merciful@yahoo.com

Supervised by
Dr. Abdel Hadi Abdel Wahab
Prof. Alaa Al-Sadek

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 | consisted of 4 boilers,4 steam turbines and 2 Multistage
Flash (MSF) distillers commissioning in 1976 and phase Il 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 Il 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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Sixth Batch Students

No. Name Country Project Title

1 Fahd Yahia AlFaifi Saudi Arabia Institutional structure for the management of
the wastewater system (reuse) in Saudi Arabia

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
(Sag Aquifer outcrop)

3 Abdulla Salem Ahmed UAE Functions of water regulatory agencies and

AlKayoumi water pricing

4 Ahmed Ali EIGabri 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 Bahrain Optimum locations for groundwater artificial

Kadhem 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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The Impact of Tariff Changes on Water Consumption and Recommendation for Tariff Design in Al-Ain, UAE

Abdulla Salem Al-Kayoumi
e-mail: eng.alkayoumi@gmail.com
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Prof. Waleed Al Zubari

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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Non-Revenue Water in Al Ain City, UAE, Alain Distribution Company Case Study
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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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Effect of soil conditioners on soil salinity and water use efficiency
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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.

Page |97
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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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Kuwait

Nourah M. S. Al-Enezi
e-mail: nmalenezi@hotmail.com

Supervised by
Prof. Waleed Al Zubari .
Prof. Alaa El-Sadek

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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Rain Water Harvesting and Optimal Locations for Managed Aquifer Recharge in the Kingdom of Bahrain
Using GIS and MCDM Techniques
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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 yearin 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 m?3 per year
in 1959 to about 900 m3in 2000 and 700 m? 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 (SI0), 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.
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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 Mm?3; 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
Mm?3. 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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Integrated modeling and future water scenarios of the Ham watershed in UAE using WEAP

Aisha Abdulla Al-Yamahi
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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
thatintegrates 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

Ali Mohamed Al-Shaikh
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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 arational 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; ) 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
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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 SSis 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 O,
1,2.5and 5.0% by weightin 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.
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Identifying and Mapping Areas Susceptible to Flood and Flooding Risk using Flash Flood Potential Index —
FFPI, Khartoum, Sudan

Esraa Mohammed Elhasan Khidir Mohammed
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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 FFPlindex 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

Fadhel Abbas Ebrahim
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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/m?. It was marginally increased to BD 0.180/m? 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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Managing Treated Wastewater Reuse in All Sectors (Agricultural, Industrial, and Municipal) in Saudi Arabia:

Setting the Priorities
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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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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 (H,S), 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, butitwould 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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Management of Produced Water in the GCC Countries— A Review of Best Practices (Technical, Economics,

and Environmental Perspectives)
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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 (loT) 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
inreal time. The consequence of inadequate monitoring can resultin 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. Itis 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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Mapping Flash Flash Potential using GIS and the Flash Flood Potential Index (FFPI1) in Ras AlKhaima, UAE
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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 1is 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

avery 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 operating
desalination plant, with high recovery ratio, will minimize fossil fuel consumption and therefore CO, emissions (i.e., zero
emission). The objective of this project s 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 m? (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 m?/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 /m?>. The PVESR system will offset about 81 tonnes of CO,

annually.

Keywords: Vertical PV installation, Solar water desalination, Solar power, Reverse Osmosis, Bahrain.
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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 built
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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Sharifa Abdullah Al-Shehi

Email: sharifa.al-shehhi@diam.om

Supervised by
Prof. Waleed Al-Zubari

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. Itis 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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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?>.
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 future scenarios that
can contribute to reducing the water deficit in the Al-Batha basin, which is estimated at about 54.6 Mm?, 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 Mm? compared to about 317
Mm?, according to the reference scenario in 2020. Wastewater collected quantity was 270,779 m?in 2020 and will reach about
318,744 m3 in 2040, compared to the reference scenario where the amount is about 316,866 m?3, an increase of 1,878 m>. In
the agricultural sector, the amount of irrigation used can be reduced from 236.6 Mm? in the reference scenario to 118.3 Mm?
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.

Q

Page |136

(4}


mailto:yasiralsaadi999@gmail.com

oy s £ LS| ij\’.ﬁ.n Ot ddadd] 4 (o9 “.5)3_“«.” JoLudi Q ad et d'a‘j.‘:&‘ 8,lal
Sle sbar> oiluw 3@%31

Yasmin Chukri Malla

Email: yasmin52malla@gmail.com

Supervised by
Prof. Mohammad Abido

Prof. Waleed Al-Zubari

Lo yall (olen¥l sl Baaill 1o (og> § 2SI 3)lsll 351a¥ LI (ol ly i) rmeall (gl Lo Baglain @updn) e ) 343
o297 @it el e - ogloyle Aladls (yaus die 9ill e 5ol Loy § adng §osand| ULl § Az g1yl Anglaiall AUSaL
LolSo 25 o Las¥ ol S sliazed Te (e datad 8 s ol A gazma G319 « putdy ao L) g0 Jg¥1 £ 0o e (yles oo
! el aarel Al 3Ll (3 8,350 sla¥) daliss 3)laey JelSie ISy Jaedl doud! Hlasly Laadily A6l olaazl)
Ohall 3kt Adee § Anaseiwd (Analytic Hierarchical Process (AHP)) ! Jaloel! a1 339 Al madly el o o]l
Sl SlLyadl 8ylaly Azl adl oLl (3o il gl laglaia &Il dwlyud (multi-criteria decision making) sulall soaze
Sl parzll 28e) dssliadly Apawidly AalardVly (e laza¥ly (Aubadl Sl pe Wslall Ledde jpuas IS oo Ui L
sLaly el clalasens 51,8 ilo) lager ¢, ) J2ad Az g0 Aire Glitial pe meadtl) s iyl (351501 8510) ilucoio ao sy 2l
Loland¥l cllaedl @ (o9 el paizll ol Jias @1 %21.2 Lraizll clyloed) Loy %36.8 L Al Lliad Il o (Aakail
s dagill Aliadl eyl Julos wili I8 udy (Jlsall e %10.79 %13.1 oy Sualiaadly Lpueni ! sulall 14515 %18.3
Gyiuna e) Badzme Chg,ls 389 olyLisel wyioes AHP Lo § LS (o 90 . S 19 e e LadLs 855Lae %79.6 Ay §pinall il

el izl e Jall ehLadll 26 5ysll 31) § Aalazll clyall 3lss¥y (axlgll (ogll

Aaaall Gag> Al LSLAT B 5l Byls) (Ao o Laglate «sulall siate opa Jels Al cLa

Page |137


mailto:yasmin52malla@gmail.com

Ninth Batch: 2023-2024

Page |138



Ninth Batch Students

Characterization and Potential Reuse/Recycle of Wastewater in the
1 Ahmed Al-Qattan Bahrain
Poultry Sector in Bahrain, Case Study: Delmon Poultry Company

Collecting and Assessing the Main Criteria for Flash Flood Impacts on

3 Ahmed Fouda Egypt

the Road Network of Kidd Valley, Sinai, Egypt

Anwar AlSheraimi Boogadl A yall ALl 8 8sumtll st Adgadl oLl ey (Sotun puus

Effectiveness and Economical Comparison of Air Water Harvesting
7 Fatima AlAsbool Bahrain

Techniques in Bahrain

Integrated Municipal Water Planning and Management of
9 Osama Tabash Palestine KhanYounis Governorate, Gaza Strip, Palestine, using Dynamic

Modeling (WEAP)

Sloglall elas aluseiwl | 20 il 3 Iy L8 el
11 | Raed Al-Harbi KSA plall ola ol 2,SU 455 Aalaies ylall cillamall J2] pujgs)
(GIS) 2 il

A Comprehensive Assessment of Drinking Tap Water vs Bottled Water
13 Saleh Elsenuusi Libya
in the City of Benghazi, Libya. Case study: Salmani Neighborhood

15 Zakareya Bucheery Bahrain Ol 8hae 3 Al oLl g Uaal Aus )il oYl Sl e s

Page |139



Characterization and Potential Reuse/Recycle of Wastewater in the Poultry Sector in Bahrain,

Case Study: Delmon Poultry Company
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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 significantissue in saving the water especially that the chicken slaughter 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 aregeneration 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 central 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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Effectiveness and Economical Comparison of Air Water Harvesting Techniques in Bahrain

Fatima Yusuf AlAsbool

Email: fatimay.alasbool@ewa.bh

Supervised by
Prof. Waleed Al-Zubari

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 technique 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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Integrated Municipal Water Planning and Management of KhanYounis Governorate, Gaza

Strip, Palestine, using Dynamic Modeling (WEAP)

Osama Ahmed Tabash

Email: osamatabash@hotmail.com

Supervised by
Prof. Waleed Al-Zubari

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| 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.
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Assessment of Groundwater Resources in Northern Jordan: Implementing Integrated Water

Resource Management for Sustainable Water Use

Ra’ed Salahaldeen Ghazal

Email: rxghazal@gmail.com

Supervised by
Dr. Mahad Shamas
Prof. Waleed Al-Zubari

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 Jordan, 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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A Comprehensive Assessment of Drinking Tap Water vs Bottled Water in the City of Benghazi,

Libya. Case Study: Salmani Neighborhood

Saleh Elsenuusi Saleh

Email: saleh.elsenuusi@gmail.com

Supervised by ~

Prof. Waleed Al-Zubari

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 city 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 Standard 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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Developing a Water Safety Plan for Kassala City, Sudan: A Stepwise Implementation Strategy

Abdalmoiz Alhadi Suliman

Email: moiaz3332@gmail.com

Supervised by
Prof. Waleed Al-Zubari

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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Performance Efficiency Assessment of Sulaibiya Wastewater Treatment Plant in the State of

Kuwait (2017—2024): A Descriptive and Analytical Study

Abdalrahman AlEnezi

Email: eng.abdalrahman96@gmail.com

Supervised by

Dr. Fadia Mohammad
Prof. Waleed Al-Zubari

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 billion m? 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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Developing SIO KPlIs for Treated Wastewater Reuse

Abdulrahman Bakr

Email: a.bakr@sio.gov.sa

Supervised by
Prof. Waleed Al-Zubari

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 KPlIs 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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Jordan is ranked as the world’s most water-poor country, with less than 61 m? of renewable freshwater per person per

year, far below the global absolute scarcity threshold of 500 m?. 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 m? of water and 3,187 kWh of energy,
equivalent to 1.5—1.7 tCOze 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 ktCO ze/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 contribute 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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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 total 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 CO 2 emissions. The analysis further shows that
Bahrain’s average energy intensity for desalination (%5 kWh/m?) remains significantly higher than global best practices
(2.5-3.5 kWh/m3). This inefficiency is primarily attributed to the continued reliance on thermal desalination
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/ms3,
which is 30—50% higher than international benchmarks (typically 0.5-0.7 kWh/m?3 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 Northern
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 water 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 is 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,
adevelopingurban 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 Management (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 Authority (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 shortfall 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.

Keywords: WEAP, simulation, forecasting, NRW, water resource planning and management.
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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 m? 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.

Keywords: Water demand, efficiency regulations, GSO, Net-Zero target, Bahrain’s National Water Strategy.

Q

Page |168

(4}


mailto:hbudhahi@sce.gov.bh

Emergency Integrated Planning of Water Sector in Gaza Using the WEAP model

Karam Al-Aoor

Email: karamalaoor@gmail.com

Supervised by
Prof. Waleed Al-Zubari

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 I/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 APl 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 |/c/d) and restores pre-war
supply levels by 2029 (86 I/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.
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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, the 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 managementand long-term water

security.

Keywords: Water security, gap assessment, regulatory requirements, sustainable abstraction, water governance.
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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.

Keywords: Leak Detection, DMA (District Metered Area), Water Balance, Nama.
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The increasing reliance on desalination to address water scarcity in Bahrain has led to the generation of significant quantities
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 RA] plant, offer immediate potential to reduce brine volumes.

Keywords: Desalination, Marine Environmental Protection, Innovative Technologies, Water Sustainability.

Page [172



basg 4o Ldl Gedall aw dalaie Ul dulys 14 gaud! Ao pall ALl L A )31 SbLLT gy 2l
Gudat! ud sl

Yahya AlShahrani
Email: ya7ya0@gmail.com

Supervised by
Dr. Abdelhadi Abdelwahab

Geaall e Aalate § Aely3ll BbULI 6y deluiul Gedztd Al 3yl gl ALSEL 515¥1 agin addas ) Auclyadl sda B
- yodlly HUas¥E & Lkl Sbldl Joo Aol bl pax (de dalyull Gzl Aagaudl 2 pall ALl iy igin AL
L G bl Gl cliSy (Lo les 8) due b3l Juoleall 0l Sl Las¥ il 6,01 @las 3:LaS 23,01 cibiloy ais
e derad @l Adgioll s ] dapoiadll UL U A8La) (i sloim )i ly bl e sulall Slildl aez @3 2lliSy
SleeS et (o3l Cogunie 2udlie) Juaddll delsd o cmaylly medl (il padl ! sl ol Glus
o Ja5 Y Adgige 3amy cama Jiae el oazd daf (e camad] ¥ ial Slagslae 10 5las ) @3 ol (o 2a¥) |
Ldgigl paull/2a 13,495 ouans ¥ o) cazmy el ey (o (el Cmmaad) 28 ) izl bl By« (Lle Jaaall 5Liall) %80
blas Gy 3uslall euland cllbazy 01 pa¥l (ol 5 3 OF Golan Jslaa el ol e dulyud) ©uST LS %80 (pe ST
84 s | hias) duely) Axlue 2SY oLl aluzial 3 8:LaS el 3amy baaunlly )01 allas o ) <UdS Laly sl sbas
Ot lsdl Oy eogudl ALY clpuail 3ol yéey dadsll Uulms (de @l wladl madl oF I Ayl cuals (HlSa
A3l Aarall Buazsy SUI 2ysll Aaluiwl plesat L) Aaogll 5o deg )Ll dxLudly Lgmudl aSdly dlall 284551

Aelad

AW ) el ALSISEL Byl 0¥1 sl k) Zely3l1 (AuBgioll Julos colidl slam «(glall Jaladl o (g, 50 a1 LIS

Page |173


mailto:ya7ya0@gmail.com

Synergies and Harmonization between the National Water Strategy and the UNESCO IHP-IX,

and Insights for the Upcoming Update of the NWS

Yaser AlDakheel
Email: yaserm.dakheel@ewa.bh

Supervised by ‘
Prof. Waleed Al-Zubari ‘ ’

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 (Al), Internet of Things (loT), 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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Assessment of Drinking Water Quality in the West Bank, Palestine, using the CCME - Water
Quality Index (WQI)
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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 governorates 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 conducted between May and July
2025. Seven parameters have been tested, including turbidity, pH, TDS, NO 3, 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, notably 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 WQ), 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 Tulkarm municipality were rated good at grades 92, 92, 83, and
82, respectively. However, Qalgilya municipality recorded the lowest result with a score of 77, indicating fair quality.
Results also showed minimal temporal fluctuations but noticeable spatial disparities 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 distribution 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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For Further Information, please contact:

Prof. Waleed K. Al-Zubari, Coordinator, UN Water Learning Center for the Arab Region
Water Resources Management Program, Arabian Gulf University, PO Box 26671, Manama,
Bahrain, Tel: +973 17 239 880, Fax: +973 17 239 552

Email: wic@agu.edu.bh; fadiamat@agu.edu.bh; waleed @agu.edu.bh

Or visit UN-WLC @ AGU website at:

UNU Water Learning Center for the Arab Region | Arabian Gulf University
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