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Introduction

The Zarqa river basin is considered the most important basin in Jordan because about 50% of the population of the country reside on it. The basin hosts about 70% of the industrial activities and has witnessed a sudden expansion in urban development such as building, roads, new universities, scattered urban centers and other infrastructure. Agricultural areas (irrigated) are concentrated around groundwater wells and along the side beds of the river while rainfed agriculture can be found in high rainfall areas. The rest of the basin is scattered vegetative areas used for grazing, bare and rocky areas and forests. As a result of the unplanned and uncontrolled activities, the basin now is facing many environmental problems such as land degradation and desertification, mining and salination of ground water, reduced  base flow and deforestation processes. A large wastewater treatment plant with an effluent volume of 65 MCM is situated at the upper part of the basin serving the two major cities of Amman and Zarqa and the surroundings. The effluent of this plant discharges to the main river contributing to about 50% of its annual yield.
Because of its importance, the basin has gone under different studies by local and international organizations as well as the interest of many agencies from donating countries such as USAID, EU, JICA and GTZ. Until recently, most of the studies were technically based and have not considered the socio-economic factors nor did they involve the concerned stakeholders. Although, there are many conflicts among different stakeholders, they have never met to discuss common issues. There is also conflict in mandates and practices between government agencies like Ministry of Water and Irrigation and the Ministries of Agriculture and Environment. There are bodies who pollute the water resources like the industry and the municipalities and others who suffer from pollutions like farmers and the conservation of nature advocates. The number of civil societies and NGOs as well as their opinion is growing with regards to the protection of the environment and the natural resources. On the other hands the different agencies are trying to implement action plans and measures to control the damage to the resources but the pace of damage is wider than the remedy.
The water issues (management, demand, supply and quality) are due to the above problems and the complexity of the water balance system in the basin. Since the basin host more than 2.72 million people concentrated in Amman and the surrounding, securing domestic water supply is the main challenge. Water for drinking purposes is not only limited to the discharge of wells penetrating local aquifers but major share of domestic demand depends on inter-basin transfer like surface water from Jordan Valley and groundwater from Azraq, Mujib and Hessa basins. Part of the surface water and the effluent of the treatment plants are used for limited and scattered irrigation within the basin while most of the surface flow including flood and effluent are stored downstream at King Talal Dam to be released for irrigation in the Jordan Valley.
To simulate the complexity of the system, a base line scenario was built using the Water resources Model (WRM) developed by ESS. The scenario has many reaches and 95 nodes that were displayed to satisfy the requirements of the WRM.
A stakeholder workshop was organized at the University of Jordan on the 16th of May, 2006 with the participation of 30 stakeholders representing 16 governmental, industrial, farmers and NGOs agencies. The aim of the workshop was to present to the participants the baseline scenario of 2002 and to identify major issues. In addition input from the stakeholder was anticipated regarding the future scenario and the optimization process. The workshop was divided into three sessions:

Working Session I – Plenary
The main objective of this session is to share and understand the baseline scenario, planned actions and expected changes. At the beginning, the objective of OPTIMA project was introduced followed by presentation about Zarqa basin case study. Then, the baseline scenario with its topology including nodes and reaches was explained.  Participants were asked to read the document prepared for this session with focuses on: General framework, Geo-morphologic features, Land and water use, Future Trends of the basin. The base line scenario had gone under general with some ideas of improvement.
Working Session II – two parallel groups

The main objective of this session are: defining key issues and problems, sharing ideas about future scenarios and identifying possible actions to reach these scenarios. The main goal is to reach a common vision about the future. 

The participants were divided into two groups in two parallel sessions The y were asked to read the second part of the document which was prepared for this session and related mainly to water issues and focusing on problems. Each person addressed three problems, wrote them in a paper and was invited to read them. The facilitator put them in the wall paper addressing the objectives and the actions.
Working Session III- Plenary

The main objective of this session is presentation of the result of each group (problems, issues, objectives and actions). Each group exposed its results. Finally a common objectives list was identified each participants votes their relevant objectives.
Results

1.
Analysis of participation


The number of participants in this workshop was 30 persons representing all stakeholders that were already identified for the project. They represents decision making bodies (Ministry of Water and Irrigation, Ministry of Agriculture, Ministry of Environment and Jordan Meteorological Department), research and academic institutions, industries, farmers, water company and civil societies and NGOs. Most of the participants are at mid-level or high level management. A list of participants is attached.

2.
Gender Issues Analysis


The table below summarize the participation activity with regards to gender involvement in the workshop as well as their presence in the on-line data base.

	Item
	Total number
	Women

	Stakeholder in the on-line data base
	37
	3

	Invited group of stakeholder to the workshop
	30
	10

	Staff group composition
	8
	4

	Number of filled issue questionnaire 
	13
	3

	Steering committee
	9
	4


3. Issues and Problems

During working session II, it was important to identify the main problems related to water optimization in the study area. The  main issues/problems were printed and distributed to all participants  at the beginning of the workshop. Participants from different sectors were asked to read the shortlist of problems and then to identify the most important problems and issues under each problem. All problems were then summarized on the flip chart, and discussed when necessary, to be agreed upon.  By this approach it was possible to identify the main problems and issues related to optimization. Findings on the main problems are shown in the Table below. In this table, the opinion of stakeholder was ranked according to the main issue of water.  The most important issues were ranked according to number of votes out of the total. As it can be seen, water management issue was the major issue in the basin followed by water supply and to less extent by demand and quality. This does not imply that water demand and quality were not seen important. However, many of the stakeholders did agree that management issue and problems are affecting other issues of water.
The opinion of stakeholder to the most important problems.
	 Issue
	votes
	Most important problems

	Water Management
	26
	· Difficulties in law enforcement (8/26).

· Competition among sectors (4/26).

· Lack of public awareness and extension programs (3/26).

· No single responsible authority (3/26).

	Water Demand
	8
	· High demand compared to supply (6/8).

· Industrial activities and absence of cropping pattern and appropriate land use (2/8).

	Water supply
	11
	· Over abstraction compared to safe yield (7/11).

· Climate change and rainfall variability (4/11)

	Water Quality
	9
	· Deterioration of groundwater quality due to over abstraction (4/9).

· Overgrazing and unsupervised agricultural activities (3/9).

· Industrial pollution and solid wastes (2/9)


4.
Objectives

Based on the findings from previous section, the different stakeholders identified the main objectives related to optimization of water resources in the Zarqa basin. The objectives which were agreed upon at the end of the session are shown in table 2. Initially, the enforcement of law was seen as the main objective for optimizing water resources. In the second place, minimizing of overpumping was seen important. Considering that possible enforcement of law related to groundwater pumping is coming soon, then other objectives become more important. These objectives are related to quality standards, optimization at farm level and proper land use. The issue of supply-demand gap was the least important objective. This can be explained by the nature of supply-demand which can be eliminated or reduced by achieving other objectives.  

List of the most important objectives and votes of stakeholders.

	Number
	Objective
	Number of votes

	1
	Minimization of overpumping
	29

	2
	Enforcement of law
	42

	3
	Reaching quality standards
	26

	4
	Reduction of variability risk
	19

	5
	Optimization of water use for farmers
	25

	6
	Increase efficiency of irrigation systems
	25

	7
	Coordinated and proper land use planning
	22

	8
	Minimize Difference between supply and demand
	8

	9
	Reserve vegetation
	14


Detailed analysis of results according to sector and stakeholder  are shown in figures 1 and 2, respectively. Due to uneven number of stakeholders from the different sector, this analysis is indicative rather than cross-cutting. However, it is important to highlight the main objectives according to sector and stakeholder. Obviously, most stakeholders from environmental sector believed that enforcement of law is an important future objective followed by reduction of variability risk which will impose more stability in water supply and will eventually reduce the gap between supply and demand. According to agronomists, increase of water use efficiency and optimization of the use are key objectives of optimization while the first three objectives were nearly considered with the same importance and priority. According to stakeholder category (figure 2), most of decision makers emphasized the importance of legislative tools and management issues as they indicated that the reduction of groundwater overpumping,  enforcement of law and reduction of variability risk are the most important future objective. According to experts and researchers, more focus should be given to water quality and standards. Unlike decision makers, experts gave more attention to proper land use planning and optimization of water at farm level. This can be justified as the end users of water can adjust their demand and cropping pattern according to water quality and quantity. Water users and NGO's, on the other hand, agreed with experts' opinion and paid more attention to increased efficiency of irrigation systems and use of water. Surprisingly, water users and NGO's did agree with decision makers on the first two objectives. However, an obvious shift was noticed between decision makers, particularly from MWI, and water users on objectives 5 and 7.  This can be justified as the MWI is responsible for providing water to the different users within Jordanian standards without paying attention to its use or irrigation system efficiency.
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	Figure 1: Distribution of votes according to sector.
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	Figure 2: Distribution of votes according to stakeholders.


5.
Actions and interventions

Future planned and proposed actions that will affect future changes of baseline scenario were summarized as following:
A.
Planned actions

The focal point for planned action was the Ministry of Water and Irrigation 
(MWI). During the second plenary session, a discussion was made between the different participants and decision makers and experts from the MWI. The planned actions that were formally approved by the MWI and might affect future optimization of water resources in the basin can be summarized as following:

· Additional Waste Water Treatment Plants (WWTP) at Zarqa, west of Jarash and other sites within the basin.

· Upgrade and expansion of existing WWTP's.

· Reduction in groundwater extraction for irrigation and municipal use (by law).

· Reallocation of water to high value products (industry and Municipal)

· Conveyance of Disi water to Amman.

· Desalinization of Zara-Ma'een and Abu Zighan water.

· Red Sea- Dead Sea Canal (after 2020).

B.
Proposed actions 

According to participants' opinions, it was important to propose other actions to meet future objectives of optimizations. The most important actions seen by the different stakeholders were as following:

· Consideration of possible socio-economic changes through a bottom-up approach.

· Optimization of water at farm level through improvement of irrigation systems.

· Consider environmental protection of water by preventing mixing of water coming from WWTP with fresh water resources.

· Construction of dams to utilize available surface water.

· Implementation of law by force (Police of Environment).

Based on the discussion and findings from sessions II and III, different interventions were proposed by participants. The most important interventions can be summarized as follows:
1
Water Harvesting: the encouragement of water harvesting projects at household and farm levels is needed in the future to utilize surface water supplies. Within this intervention, some participants suggested water harvesting projects for groundwater recharge.

2.
Improved cropping patterns: the intrusion of high value cash crops and crops suitable for low quality water is a future priority that should be taken into consideration within possible future law of land use. The concept of organic farming and market competition was also suggested by some stakeholders.

3.
Drought mitigation and desertification strategy: different interventions under this category are needed.

4.
Improved extension and public awareness programs: interventions related to this issue were seen important. The roles of NGO's, the availability of funds and resources mobilization are among the issues that need further investigation of interventions and tools to implement.    

Evaluation

The evaluation forms have not completely received. They will be summarized and synthesized.  
Proposed Steering Committee

	Name
	Organization 
	Gender

	Suzan Taha
	Ministry of Water and irrigation
	Female

	Batir Wardem
	Ministry of Environment
	Male

	Ghada al Naber
	NCARTT/ Ministry of Agriculture
	Female

	Hussein Shafa'amri
	Zarqa Chamber of Industry
	Male

	Mohammad Shahbaz
	Badia Development Center
	Male

	Hala Nobani
	Jordan Environment Society
	Female

	Sa'ad Abu Hammour
	Amman Water Supply Company
	Male
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AGENDA
	09:00 – 09:15
	Registration and Interaction

	09:15 – 09:30
	Welcome Session, workshop agenda

	09:30 – 10:20
	Oral Presentations

	
	· OPTIMA project and the Zarqa Basin case study, Shatanawi

· Land use change model, al Bakri

	
	· The participative approach,  corridoio.zero

	
	· Introduction to the Baseline Scenario,  Shatanawi and Shammout

	10:20 – 10:40
	Coffee break

	10:40 – 11:50
	Working Session I (Plenary)

	
	· Sharing and understanding the baseline scenario

· Planned actions and expected changes

	11:50 – 12:10
	Coffee break

	12:10 – 13:20
	Working session II (Parallel Groups)

	
	· Problems and issues

· From problems to objectives

· Actions and instruments

	13:20 – 14:30
	Working Session III (Plenary)

	
	· Introduction of the results

· Sharing objectives and priorities

	14:30 – 15:30
	Lunch


The project OPTIMA 

Contents and aims
The overall aim of OPTIMA is to develop, implement, test, critically evaluate, and exploit an innovative, scientifically rigorous yet practical approach to water resources management intended to increase efficiencies and to reconcile conflicting demands. Based on the European Water Framework Directive (2000/60/EC), the approach equally considers economic efficiency, environmental compatibility, and social equity as the pillars of sustainable development. 
The project also aims at building a wide dissemination network of expertise and knowledge exchange sharing its findings, generic data, and best practice examples. For a broad geographical coverage and a good basis for comparative analysis, OPTIMA brings together partners from Turkey, Lebanon, Jordan, Palestine, Tunisia, Morocco, Cyprus, Malta, Italy, Greece and Austria.  OPTIMA is extending classical optimization and mathematical programming methodology in several respects, by: 

· Using a full-featured dynamic and distributed simulation model and genetic programming as the core to generate feasible and non-dominated alternatives. Water technology alternatives including their cost structure, and up-to-date remote- sensing derived land use information are primary inputs; 

· Extending the set of objectives, criteria and constraints through expert systems technology to include difficult to quantify environmental and social dimensions; 

· Putting specific emphasis on local acceptance and implementation through the inclusion of stake-holders in an interactive, participatory decision making process carefully embedded in institutional structures, using a discrete multi-criteria reference point methodology; 

Comparative evaluation and benchmarking across the set of local and regional case studies in 7 countries, namely Cyprus, Turkey, Lebanon, Jordan, Palestine, Tunisia and Morocco around the Southern and Eastern Mediterranean.
Approach

1. Delineation and characterization of the watershed.

2. Identification of major water resources including inter-basin transfer.

3. Determining water demands for different sectors in different areas.

4. Evaluating the land use/ land cover changes over the last 10 years and prediction of future land use.

5. Constructing a base line scenario using water resources modeling based on.

6. Presenting the baseline scenario to the stakeholder for evaluation and improvement.

7. With the help of stakeholders build future scenario based on demographic changes, land use changes and befit cost ratio.

8. Running the WRM based on future scenarios by developing a generic approach to combine engineering analysis and formal optimization with socio-economic considerations in consistent with multi-objective approach.

9. Technical integration of the system, linkage of modern and data use for specific case study and implementation of the software on a web accessible server and computer cluster.

10. Prepare a case study report on problem and analysis and optimization results based on optimization strategy that will be defined within the course of the project.

11. Perform a comparative analysis and implement a dissemination strategy.
Working Session I

The Case Study: Zarqa River Basin 

General framework 

The Zarqa River is the second largest river in Jordan after Yarmouk River. The river basin drains an area of 4120 square kilometers where about 95% of its area is within Jordan and only 5% is in Syria. The basin extends from the Syrian city of Salkhad in Jebal al-Arab with an elevation of 1460 m to south of Amman and then westward to discharges its water at its confluence with River Jordan at an elevation of -350 m.

About 2.72 million people (2004) are living in the basin representing about 50% of the total population in Jordan. The main populated centers are the cities of Amman, Zarqa, Jaresh and Russaifeh.

The basin represents a transitional area between the semi arid highlands in the west to the arid desert in the east. The annual rainfall depth ranges from more than 500 mm in the north western part to less than 100 mm in the eastern part with an average precipitation of 280 mm/year. The rain occurs mainly from November till March with occasional thunder storms on October and April. The stream flow of the Zarqa River is impounded by King Talal Dam at an elevation of 120 m and a capacity of 75 MCM. The area behind the river is about 3100 km2 producing an average runoff of about 60 MCM. 

Geo-morphologic features 

The soils of the basin differ widely according to rainfall and relieves. In the most humid west, reddish to brownish clay and clay loams prevail. Toward the east, the soil become more immature with silty loam to loamy in texture, yellowish brown to strong brown with very high carbonate content. Soil erosion on the steeper slope is main cause of colluvial processes where sheet erosion is more pronounced in the eastern part. Different types of soil erosion are causing serious problem threatening the storage capacity of King Talal Dam. Soil depth is function of slope where deep colluvial soils have been accumulated in the valleys and lower slopes. The upper slopes are affected by soil erosion and degradation, leaving behind shallow and stony soil.

The basin is subdivided into two main catchments; Wadi Dhuliel sub-basin representing the arid conditions and flat land and Seil al-Zarqa sub-basin which represent the most populated mountainous area. 
Below the basin, Amman-Zarqa aquifer system is located and is considered one of the most important basins with respect to its role in development.
Land and water use
During the last 20 years, the basin has undergone considerable land use changes. The expansion of Amman and other towns has been enormous, where before large areas of grazing land and fertile agricultural land could be found between Amman and other towns, it has now developed into one large urban conglomerate.
Zarqa River basin is capable of supporting forests and agricultural activities. Natural forests occurring in the mountainous part are composed of oak, pine, juniper, wild olive and cypress. Agricultural activities and their associated weeds have supplanted the indigenous flora communities. Agriculture is scattered with the basin from rainfed orchards, olive and field crops to irrigated agriculture on the river banks and the Jordan valley. Private Irrigated area using groundwater as a source of irrigation water can be found in scattered places in the middle and the eastern part of the basin.

The main industrial activities in the basin are: al-Hussein thermal power plant, the oil refinery, textile industries, paper processing, leather production, food Industries, distilleries, drugs and chemical industries, intermediate petrochemicals, engineering industries, paper and carton products and mining industries (Phosphate). 

These activities are considered the main source of pollution to the surface and groundwater. In addition to that, the basin includes four municipal wastewater treatment plants whose effluent has reached 70 MCM/year and is discharged to the river. This volume is expected to reach 180 MCM by the year 2025. 
Future Trends 
In addition to the above, climatic changes and its effect on the eco-system and the water resources is imposing another dimension to the future scenario of the basin. The area has witnessed significant drop in annual precipitation for the last 80 years. For example the average rainfall of Amman airport has dropped from 320 mm/year in the 1930s and 1940s to less than 285 mm/year in 1980s and 1990s. Other problems include land degradation and desertification which is due to human intervention and climatic changes. The frequent occurrence of drought and weather externalities has become a known phenomenon in this region.
Land use changes will be the basis for watershed conservation and degradation and they will affect supply and demand. 

Trends in institutional planned changes may also affect supply and demand at basin level, together with population growth that impacts on watershed quality and availability. 

Working Session II
Water issues

The problems in the Zarqa River Basin are the scarcity of water which is a result of the wide fluctuations in annual rainfall, population growth, water quality deterioration where 80 % of the industries and solid wastes disposal sites are located within various areas. Furthermore, other issues are related to competition in water usage between municipal, agricultural, and industrial sectors. 
A list of already collected water issues and problems follows:

Water Management Issues
· Conflict and overlap of responsibilities between different institutions.

· No single river basin authority has been set formally by law.

· Competitions among different users and sectors are increasing.

· Financial resources are often not sufficient to complete plan for river basin management (low investment in wastewater treatment).

· The involvement of private sector is moving solely except for water distribution for Greater Amman through a management contract.

· Public awareness programs are improving and are done in collaboration between government and NGOs.

· Research is limited and fragmented.

· Difficulties in the enforcement of water laws and regulations.
Water Demand Issues
· High demand compared to supply due to high population growth (2.8%), urbanization, and increased agricultural and industrial activities. The supply to demand ratio is 80%.

· Overgrazing, deforestation, land fragmentation, and other land use changes have influenced the pattern of flood.

· About 60% of Jordan industries are located in the basin.

· About 70% of the irrigation systems are high-tech mainly micro irrigation. Also, water distribution to irrigation projects are mainly through pressurized pipe systems.

Water Supply Issues
· Climate change and occurrence of drought have decreased the annual rainfall by 10% over the last 80 years.

· Water supply is influenced by variability in rainfall pattern which can vary by about 50% from year to year.

· Drop in base flow to about 0.5-1.0 m3/s in summer to about 2.0-4.0 m3/s in winter.

· Effluent from WWTPs has modified the discharge of Zarqa River to almost constant river flow but it has greatly influenced and degraded the water quality.

· Over abstraction of groundwater at a rate of 130-160 MCM compared to a safe yield of about 88 MCM.

Water Quality Issues
· Pollution of surface water from domestic and industrial effluents as well as solid wastes.

· Over abstraction of groundwater has resulted in water quality deterioration of some wells.

· Overgrazing, deforestation and agricultural activates as well as construction activities have increased the sediment load of surface water.

List of Participants to the Stakeholder workshop held in Amman May 16, 2006
	No.
	Name
	Institution
	email address
	Telephone
	Fax

	1
	Basil Al Wir
	Al wir farms
	jy5hd@wanadoo.jo
	079 5527767
	 

	2
	Rana Fityani
	Arab Women Organization
	awo@nets.com.jo
	06 4385478
	06 4385478

	3
	Amneh Helweh
	Arab Women Organization
	awo@nets.com.jo
	06 4385478
	06 4385478

	4
	Dr. Raed Tabini
	Jordan Badia Research and Development Center
	altabini@yahoo.com
	06 5335284
	 

	5
	Dr. Saad AlAyyash
	Jordan Badia Research and Development Center
	s_ayyash@yahoo.com
	06 5335280
	06 5355680

	6
	Eng. Hala Nobani
	Jordan Environment Society
	halanobani@gmail.com
	06 5699844
	06 5695857

	7
	Mr. Adnan Al Zoubi
	Jordan Society of the Conservation of Water
	adnan_alzoubi@mwi.gov.jo
	06 5652290
	06 5652290

	8
	Wissam Al Hayek
	Jordan Society of the Conservation of Water
	wess-82@yahoo.com
	079 5753486
	 

	9
	Eng. Naem Dabour
	Jordan Valley Authority
	 
	 
	 

	10
	Eng. Ahmad Idris
	Jordan Valley Authority
	idris00962@yahoo.com
	02 6370299
	02 6370317

	11
	Eng. Suleiman Al Ghezawi
	Jordan Valley Farmer's Association
	chairman@jovfa.org
	05 3573025
	05 3573107

	12
	Eng. Basel Shehadeh
	Jordan Valley Farmer's Association
	manager@jovfa.org
	05 3573025
	05 3573107

	13
	Eng. Sa'ad Abu Hammour
	LEMA Company
	abu-hammour@nets.com.jo
	07 77480802
	 

	14
	Dr. Jaser Al Rabadi
	Meteorological Department
	jkrabadi@yahoo.com
	 
	06 4894409

	15
	Eng. Fayez Abdo
	Meteorological Department
	fzabdo@yahoo.com
	06 4892408
	06 4894409

	16
	Dr. Rania Shatnawi
	Ministry of Environment
	rania.shatnawi@gmail.com
	02 6340365
	02 6340297

	17
	Eng. Mohammad Al Momani
	Ministry of Water and Irrigation
	mohammad_almomani@mwi.gov.jo
	06 5652265
	 

	18
	Dr. Issa al Nsour
	Ministry of Water and Irrigation
	eassa_al-nosour@mwi.gov.jo
	07 77494561
	06 5652258

	19
	Eng. Suzan Taha
	Ministry of Water and Irrigation
	suzan_taha@mwi.gov.jo
	079 5554563
	06 5685389

	20
	Eng. Ali Subah
	Ministry of Water and Irrigation
	ali_subah62@yahoo.com
	07 77295902
	06 5680075

	21
	Dr. Ghada al-Naber
	NCARTT
	al-naber@ncartt.gov.jo
	079 5031358
	06 5695801

	22
	Eng. Yaser Mhawesh
	NCARTT
	 
	 
	 

	23
	Dr. AbdelNabi Fardous
	NCARTT
	director@ncartt.gov.jo
	06 4726680
	06 4726099

	24
	Ahmed Bulad
	NCARTT
	ahbulad@ncartt.gov.jo
	07 77427279
	 

	25
	Dr. Maha Halalsheh
	Water and Environment Study Research Center 
	halalshe@ju.edu.jo
	06 5355000
	06 5355560

	26
	Dr. Khair al Hadidi
	Water Authority
	khair_hadidi@mwi.gov.jo
	06 5665908
	06 5679143

	27
	Eng. Nadia al Jouhari
	WESCANA-IUCN
	nadia.juhari@iucn.org
	06 5680344
	06 5680355

	28
	Eng. Hussein Shafa'amri
	Zarqa Chamber Industry
	info@zci.org.jo
	05 3656600
	05 3656605

	29
	Ghaida Abu Rumman
	University of Jordan
	ghar@maktoob.com
	06 5355000
	 

	30
	Dr. Mohammed Duqqah
	University of Jordan
	mmduqqah@ju.edu.jo
	07 77306400
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	3
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	shatanaw@ju.edu.jo
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	06 5355578

	4
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	University of Jordan
	jbakri@ju.edu.jo
	07 77484466
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	University of Jordan
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	Eng. Rula Rawashdeh
	University of Jordan
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