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Abstract

This paper discusses the feasibility of agricultural reuse of reclaimed water from the planned Regional Wastewater Treatment Plant in Hebron and the results of the reclaimed water irrigation demonstration project in Al-Bireh, Palestinian Authority.  The feasibility of agricultural reuse was evaluated by investigating social and institutional aspects, reuse standards, land suitability for irrigation, cropping patterns, modeling of water, salt and nitrogen balances and an economic analysis.  Social analysis showed that negative public perception might impede the feasibility of agricultural reuse.  The land suitability classification identified 325 ha of land suitable for reuse.  High sodicity and salinity levels require substantial soil reclamation prior to intensive cultivation.  Selected cropping patterns include fodder, olives, dates and turf grass cultivation, each suitable for a different management scenario.  The condition of “zero-wadi discharge”, required by regional regulatory bodies, requires unconventional solutions like forest irrigation for the use of excess effluent in winter.

As a first step to prepare farmers and institutions for the challenge of sustainable reuse of reclaimed water a demonstration project was implemented in Al-Bireh.  A committee of Palestinian institutions was formed to steer the implementation of the project.  Results show that a variety of crops respond well to irrigation with high quality effluent.  Treatment of effluent by filtration and disinfection generated a water quality that can be used for the irrigation of fresh eaten vegetables.  It is concluded that a partnership between the main institutions and implementing partners is key to successful development of the water reuse sector.  The paper recommends applied research as the appropriate method to further water reuse sector capacity building.
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Introduction

Treated wastewater, also known as reclaimed water, is a valuable resource for agricultural reuse in irrigation.  In both industrialized and developing countries, treated wastewater has been used successfully for the irrigation of a wide range of crops, including fresh eaten fruits and vegetables.  The advances in wastewater treatment have improved the capacity to generate reclaimed water of a quality that can be used in both non-potable and potable uses (Asano and Levine 1998).  This reclaimed water can provide a constant and reliable supply of water and beneficial nutrients for agricultural reuse throughout the year.

In the Palestinian Territories, the use of reclaimed water to meet increasing agricultural water demands was identified as one of the main objectives of the Palestinian water sector (CH2M HILL 2002).  Total treated urban wastewater for the main Palestinian cities is projected to be 12.1 MCM/year by the year 2010 (CH2M HILL 2003a).  With the exception of the treatment facilities at Al-Bireh, east of Ramallah, the existing treatment facilities of the main Palestinian cities are overloaded (PWA 2000) and the treated water is not suitable for sustainable agricultural reuse.  Therefore, the key policy of the sector to make reclaimed water available for agricultural reuse is to concentrate wastewater treatment and collection in regional Wastewater Treatment Plants (WWTPs) that are located adjacent to agricultural areas (CH2M HILL 2002).  Within the framework of the West Bank Water Resources Program, coordinated by the Palestinian Water Authority (PWA) and funded by the U.S. Agency for International Development (USAID), a regional WWTP has been proposed for the city of Hebron in the south of the West Bank.  The WWTP provides reclaimed water for the irrigation of agricultural lands in the Bani Naim area, east of Hebron. The regional WWTP is planned to be constructed and operational by the end of 2005 (CH2M HILL 2001).

A detailed study was conducted to assess the feasibility of the use of the reclaimed water on the agricultural lands adjacent to the Hebron Regional WWTP (CH2M HILL 2003b).  The feasibility study indicated that there was a need for practical demonstration as a first  step to generate Palestinian expertise,  and a demonstration project for the agricultural use of reclaimed water was established at the WWTP in Al-Bireh.  This paper discusses the methodology and results of the feasibility study and the Al-Bireh demonstration project for reclaimed water use in irrigation.  The paper identifies challenges for the development of the Palestinian water reclamation and reuse sector and recommends steps for sector capacity building.

Feasibility of reclaimed water use in agriculture for the Hebron Regional WWTP

Background

The proposed Hebron Regional WWTP and the associated reuse facilities are located southeast of the town of Bani Naim in the West Bank, east of the city of Hebron.  The first construction phase of the WWTP provides services for the Hebron Municipality and is designed for an average flow of 5.5 MCM/year (15,000 m3/day).  By means of an activated sludge process the effluent is expected to meet standards set by regulatory authorities of 20 mg/L Biochemical Oxygen Demand (BOD5), 20 mg/L Total Suspended Solids (TSS), 40 mg/L Total Nitrogen (TN) and a microbial quality of less than 1,000 MPN/100 mL fecal coliform and less than 1 nematode egg/L.  Due to the low per capita water consumption in Hebron the salinity of the water is expected to be moderately high with an Electrical Conductivity (EC) between 1.6 and 2.4 dS/m.  After treatment, the reclaimed water is conveyed by a gravity pipeline to a storage reservoir of 0.5 MCM (CH2M HILL 2001).

Evaluation of several options for reuse of the reclaimed water showed that agricultural reuse was the most suitable alternative (CH2M HILL 2003).  A requirement of regional regulatory bodies was that the agricultural reuse should be according to Israeli regulations and that the reuse facilities should be designed to meet a “zero-wadi discharge” condition, i.e. all effluent has to be reused throughout the year in order to eliminate effluent discharge to the wadi downstream of the WWTP.  This condition is unique, since 100 % reuse in the semi-arid climate of the West Bank requires overly costly reservoir facilities to store excess effluent in the winter season.

The proposed agricultural lands irrigated with the reclaimed water are around 500 hectares (ha) located adjacent to the gravity pipe. Current land use is the production of wheat and animal fodder, characterized by low agricultural inputs, low water use and low yields.  The area extends from 700 meters above sea level in the west on the outskirts of the Hebron hills and descends 5 kilometers to an altitude of 500 meter above sea level in the east, towards the Dead Sea basin.  The geology in the area is dominated in the west by the limestone formations of the Hebron hills and towards the east by chalk formations of marine origin. The climate is semi-arid to arid, with average maximum temperatures in summer of 27.2 oC and in winter of 10.2 oC, and annual precipitation decreasing sharply from 350 mm/year at the west side to 250 mm/year at the east side of the agricultural lands (PNA 1998).

The objective of the feasibility study was to review the existing information, investigate land ownership and analyze relevant stakeholders for the project, identify suitable lands and a land classification map, determine suitable cropping patterns, model water, nitrogen and salinity balances and identify suitable options to meet the condition of “zero-wadi discharge” for the design flow of 5.5 MCM/year.

Methodology

Land ownership and stakeholder analysis

Investigation of land ownership and local stakeholders was impeded by a negative public perception of the project and therefore was limited to informal interviews with municipality officials and land owners.  The analysis of institutional stakeholders was based on a water sector review conducted in 2002 (CH2M HILL 2002) and on-going communications with Palestinian institutional counterparts.  On the basis of this analysis three management scenarios for agricultural reuse were developed.

Standards for reclaimed water use in agriculture

Standards for agriculture reuse are the result of the combined years of experience of many countries and key studies on the different aspects of water reclamation and reuse.  Therefore, these standards reflect the state-of-art in reuse research.  Relevant standards for reuse in the field of public health protection, environmental protection and agricultural sustainability were identified through literature review.

Land classification

Land areas identified in the initial broad assessment of potential land available for application of reclaimed wastewater were analyzed in detail to determine both their arability and irrigability.  A first delineation of potential irrigable lands was done by the analysis of topographic maps and aerial photography and a detailed field delineation.  The delineated lands were classified by the excavation of 96 soil profiles.  Soil profile descriptions were performed according to the USDA (Schoeneberger et al. 1998) methodology for soil surveys. Soil samples (203 in total) were collected from representative soil horizons and analyzed for physical and chemical parameters.  Land classification of individual soil profiles was performed according to the USBR Series 510 (USBR 1992), a site-specific method that evaluates lands on the basis of three primary land suitability forming factors: soils, topography and drainage.  The final detailed land classification map was delineated through extrapolation and interpolation of the soil profile classifications to adjacent parcels.  Since elevated salinity and sodicity levels in the soil were observed, a reclamation methodology and outline were prepared based on the soil physical and chemical characteristics, regional experience with saline and sodic land reclamation and literature review.

Crop selection

One cropping pattern for cultivation during the land reclamation period and three cropping patterns that corresponded with the different management scenarios were identified.  The suitability of the cropping patterns was evaluated on the basis of compliance with reuse guidelines, the results of the land classification, tolerance to salinity and sodicity, and the seasonal water and nitrogen use.  All cropping patterns have peak water and irrigation demands in summer, so suitable crops for lands located downstream of the main reuse area were identified for the use of excess effluent in winter and compliance with the “zero-wadi discharge” requirement.

Cropping pattern modeling

Water, salt and nitrogen balances and productivity of the cropping patterns was evaluated using a proprietary modeling tool developed by CH2M HILL.  Input data and model outputs are displayed in Table 1.  The core of this model is the calculation of the rootzone water balance in 10-day intervals.  The water balance is used to calculate nitrogen and salinity balances as a function of the respective concentrations in the irrigation and drainage water.  Crop yield is determined as a function of crop salinity response functions (Maas 1986).  Productivity of each cropping pattern was determined from producer prices (PCBS 2001, Sheskin and Regev 2001).

Economic analysis

General economic analysis was performed to evaluate the feasibility of each management scenario and corresponding cropping patterns.  Capital costs and life time of major infrastructure and farm investment components and land reclamation were estimated and amortized to annual payments, assuming a 5% interest rate.  Annual operations and maintenance (O & M) costs and annual revenue were estimated from data of comparable farming operations, assuming 90% optimal yield.

Results and discussion

Land ownership and stakeholder analysis

The informal interviews indicated that due to a lack of information, landowners in general have a negative image of the Hebron Regional WWTP and the associated reuse facilities, resulting in opposition of the local community to the project.  Results from farmers interviews conducted in the north of the West Bank indicated that a majority of farmers that are aware of the benefits of reclaimed water use, have no objection to using treated wastewater in their farm (Shaheen 2003).  Analysis of the institutional stakeholders showed that the PWA is the institution responsible for the WWTP.  In the absence of existing water reuse projects, practical reuse experience and coordination with other institutional stakeholders responsible for water reuse, like the Ministry of Agriculture (MoA), the Environmental Quality Authority (EQA) and the Ministry of Health (MoH) is limited.  For the management of the reuse facilities, three potential scenarios were identified:  1.  management of the reuse facilities by the local community;  2.  management by a commercial agri-business leasing land from the land owners;  and 3. management by a public-private partnership.

Standards for reclaimed water use in agriculture

Standards and guidelines have been formulated in the field of public health protection, environmental protection and agricultural sustainability and are part of a global knowledge base that is available to Palestinian institutions for the development of Palestinian water reclamation and reuse expertise.  Standards and guidelines for public health protection specify measures and strategies that keep the risk for contamination of crop consumers and agricultural workers below acceptable levels.  The World Health Organization guidelines (WHO 1989) provide recommendations for reclamation and reuse in developing countries and are considered lenient compared to standards in the industrialized world.  Strict standards have been defined initially in California (SoC 1978) and afterwards similar standards have been adopted in the USA (USEPA 1992),  Jordan (Sheikh 2001) and Israel (Halperin Committee 1999).  The Palestinian standards are modeled after the former Jordanian standards and WHO guidelines, with the exception that they do not allow for the irrigation of vegetables.  The Palestinian standards do not include procedures for regulation, licensing and monitoring of water reuse  and are currently not enforced in the West Bank.  For this reason, and to comply with regional standards, both the Palestinian and the Israeli standards, in case of the irrigation of vegetables, apply.

Environmental protection standards specify the extend of buffer zones between water reuse areas and areas of public access and potable water sources, and detail design criteria that prevent cross-contamination of potable water conveyance pipes.  The standards most commonly used are the USEPA guidelines (USEPA 1992).

Agricultural guidelines provide management tools for sustainable agriculture by defining permissible water qualities and measures to protect soils, crop yields and irrigation infrastructure.  In case of reuse of reclaimed water, the guidelines of the FAO (Ayers and Westcot 1985), the USDA (Rhoades et al. 1993 and publications of the U.S. Salinity Laboratory), the USEPA (USEPA 1982) and drip irrigation guidelines (Bucks et al. 1982) are relevant.  These guidelines specify different water qualities in terms of salt and heavy metal concentrations, pH and clogging capacity.
Land classification

A summary of the main results of the land classification at each step in the applied methodology is presented in Table 2.  Five suitability classes were defined, Class 1, 2, 3, 4, and 6, ranging from highly suitable to unsuitable for irrigated agriculture.  The spatial distribution of the suitability classes is presented in Figure 1.  The total area identified as suitable for irrigation is 325 ha.  The main restriction to land irrigability are salinity, sodicity and steep slopes, so surface irrigation is not a suitable option.  Where sodicity is high, a sub-class of Class 6 Reclaimable was delineated because long-term applications of water and gypsum may render these land suitable for irrigation.  Soils restricted by salinity and/or sodicity should be reclaimed prior to intensive irrigation.  If no reclamation is carried out, irrigation with sodium-rich effluent is likely to render the land permanently unsuitable for irrigated agriculture.

For salinity restricted soils, the approach to reclamation is to leach salts with irrigation water in periods of low crop water demand, and to decrease run-off and evaporation by mulching, plowing and the construction of terraces.  Reclamation of sodic soils can be accomplished through the application of gypsum as a source of soluble calcium and by increasing infiltration rates and soil permeability by alternating cultivation of dense, shallow rooting crops and less-dense, deep rooting crops.  This reclamation process is rather slow due to the limited solubility of gypsum.  Based on the results of the field survey, soil characteristics and land classification, six specific reclamation schemes were defined as function of soil salinity, sodicity and slope.  The reclamation schemes are listed in Table 3 and their delineation is presented in Figure 2.

Crop selection

At lands where reclamation is required during the first years of irrigation with reclaimed wastewater, a wheat and cooked vegetable cropping pattern followed by alfalfa and maize cultivation are suitable for land reclamation.  Wheat has a relatively shallow but dense root zone and improves the structure of the topsoil.  Alfalfa and maize have a less dense but deep root zone and improve the structure of the subsoil.

A suitable cropping pattern that corresponds to Scenario 1 (management by the local community) includes the cultivation of alfalfa and wheat on Class 1 lands under sprinkler irrigation, and olives, medium tolerant to salinity, on Class 2 and 3 lands under drip irrigation.  In the first two to four years of the establishment of the groves, the olives can be intercropped with fodder for further soil reclamation.  In subsequent years, the olive trees will obtain full canopy cover and intercropping can be halted.

A suitable cropping pattern that corresponds to Scenario 2 ( management by a commercial agri-business), includes the cultivation of cooked vegetables on Class 1 lands, cultivation of mango on non-saline Class 2 lands and cultivation of datepalm on Class 3 lands, all under drip irrigation.  In the first two to four years of the establishment of orchards groves, the mango trees and datepalm can be intercropped with fodder for further soil reclamation.  Datepalm is highly suitable for effluent irrigation due to the salinity tolerance and high water uptake; however, nutrient uptake of datepalm is relatively low since vegetative growth is limited.

A suitable cropping pattern that corresponds to Scenario 3 (management by a public-private partnership) includes the irrigation of a park or golf course for recreational purposes consisting of turf grass and ornamentals.  According to reuse standards for public areas, water quality must be upgraded to less than 10 fecal coliform/100 mL.

Cropping pattern modeling

The results of the modeling effort for the reclamation cropping pattern and each of the three alternative cropping pattern scenarios are displayed in Table 4.  It is observed that the classified land base of irrigable lands is sufficient to use all the of effluent during the summer months in case of Scenario 2.  Additional classified irrigable land would be available for expansion under Scenario 2, whereas some additional lands beyond classified irrigable lands would be necessary to implement Scenario 1 and 3.

The soil reclamation period generates depressed crop yields and should incorporate a substantial leaching fraction in order to leach salts and sodium from the soil profile. Model results for the reclamation period show that soil salinity can be reduced substantially with a significant leaching fraction of 20%.  Use of a leaching fraction after the reclamation period decreases the land area which can be irrigated, but has the advantage of increasing the yield per area and improving the sustainability of irrigation.  A leaching fraction of 10% significantly decreases the soil salinity in all three scenarios.  In Scenario 1 and, to a lesser extent, Scenario 2, significant nitrogen leaching occurs due to limited uptake of nitrogen by the selected crops.  Total production value is highest for Scenarios 1 and 2, since the value of Scenario 3 is difficult to estimate.  Based on the high suitability for effluent irrigation and the high production value, the cultivation of date palms is the recommended cropping pattern.

A key observation of the modeling results is that the volume of reclaimed wastewater which cannot be used for irrigation in winter does not differ significantly between the scenarios.  The seasonal distribution of excess effluent is displayed in Figure 3.  Total excess effluent on average is around 2.15 MCM/year.  This excess effluent can be used to irrigate deep rooting trees adapted to the arid climate, like acacia and pines, downstream of the reuse facilities during the winter months.  Assuming a rooting depth of 3 meter, average rainfall of 200 mm/year, soil water holding capacity of 12% and irrigation efficiency of 80%, modeling shows that an irrigated area of 1,000 ha planted with acacia and pines will meet the requirement of “zero-wadi discharge”.

Economic analysis

Economic analysis indicated that both Scenario 1 and Scenario 2 are economically viable.  Annual capital and O & M costs were USD 1.6 M and USD 1.2 M with annual revenues of USD 2.7 M and USD 4.5 M for Scenario 1 and 2 respectively.

Challenges for the implementation of reclaimed water use in irrigation

The implementation of the reuse project associated with Hebron Regional WWTP faces social, institutional and technical challenges.  The main challenge is to address the potential social implications of the project on the basis of a comprehensive local stakeholder analysis that identifies local powerbrokers, land owners and tenants.  The perception of the community towards reuse of reclaimed water should be changed through a comprehensive awareness and information campaign.  This challenge can be addressed by a consortium consisting of the main Palestinian institutions involved in the reclamation and reuse sector.  As practical reuse experience is limited, this consortium has to increase their technical capacities through the implementation of experimental pilot projects and the establishment of a mechanism for reuse regulation.  Results of the pilot projects should address the main technical challenges facing the Hebron Regional WWTP reuse facilities, and formulate recommendations and management procedures for reclaimed water irrigation and land reclamation and test suitable cropping patterns to comply with zero-wadi discharge procedures.

Al-Bireh Demonstration Project

Background

The feasibility study for the reuse facilities associated with the Hebron Regional WWTP indicated the need to demonstrate to farmers the potential benefits of reclaimed water use and the need for capacity building in the reclamation and reuse sector.  Therefore, as a first step to prepare farmers and institutions for the challenge of sustainable reuse of reclaimed water a demonstration project was implemented in partnership with the PWA, the Ministry of Agriculture (MoA) and the Al-Bireh Municipality (ABM) at the WWTP located in Al-Bireh.  The objectives of the demonstration project were to demonstrate the important role of water reuse for agriculture, to demonstrate a range of crops and irrigation equipment suitable for reuse and to demonstrate appropriate management procedures.  The target groups were institutions and farmers involved in future water reclamation and reuse projects.

The Al-Bireh WWTP treats approximately 1.25 MCM of raw municipal wastewater per year. The secondary treatment at the WWTP consists of oxidation ditches, secondary clarifiers and a UV-disinfection system for pathogen removal.  The reclaimed water has a tested quality of 10/10 mg/L BOD/TSS, 30-40 mg/L TN and a fecal coliform level lower than 100 CPU/100 mL, and is of high quality according to Israeli reuse standards .  Since the WWTP is not located adjacent to agricultural lands, the reclaimed water is not used for irrigation and discharged to the wadi.

Methodology

All activities at the demonstration project were coordinated by the formation of a steering committee,  consisting of representatives of the PWA, the MoA, the Environmental Quality Authority and the ABM, and chaired by the PWA.  Members of the steering committee and received training in basic water reuse principles and the installation and O & M of the systems.  Farmers from the Hebron area were given a tour of the reuse facilities.  The main activity of the demonstration project was the construction and management of a 10 dunum (10 dunum = 1 ha) reclaimed water drip irrigation system. The project operated according to Israeli reuse standards.

The irrigation system head controls consisted of automated valves controlled by an irrigation computer, disk filtration, water meters and an inlet for chemical application.  Irrigation was by driplines with 2.3 L/h emitters with a turbulent, self-cleaning flow path in a spacing of 0.75 m.  Ornamental crops like roses, flowers, bougainvillea and hedgerows were planted for beautification of the WWTP site.  On an area of 5 dunum,  2 to 4 year old orchard trees were planted, including different varieties of olives, date palms, stone fruits, citrus, cherries, mango, avocado, guava, pomegranate, figs and grapes.  On an area of 3 dunum indigenous Palestinian trees were irrigated, including nut trees like pistachio, walnut, pecan, macadema, pinenuts, acacia, pines and carob.  No fertilizer was applied in addition to the nutrients present in the reclaimed water.  A parcel of 0.7 dunum was planted with sweet corn.  Pre-sowing irrigation of corn was by sprinklers, and after emergence by alternate row drip irrigation.  Nitrogen application through the reclaimed water was 7 kg/dunum. Cob yield was measured.

To demonstrate the requirements for unrestricted irrigation, a disinfection system was installed, designed for the treatment of 0.8 m3 of effluent per hour.  The disinfection consisted of gravel media filtration for turbidity reduction, a chlorine dosing unit calibrated to inject chlorine at a rate of 2 mg/L and 400 L vessel that retained the chlorinated water for 30 minutes.  The disinfected water was tested for turbidity, residual chlorine and fecal coliform.  After the disinfection system the water was conveyed to a 600 m2 greenhouse for the drip irrigation of eggplants and a nursery for seedlings of indigenous Palestinian rangeland trees.  The nursery irrigation system consisted of micro-drippers with a low discharge of 0.2 L/h, thus keeping the overall system flow below the design flow of 0.8 m3/hour.  The eggplants were trellised to ensure a safe distance of 50 cm from the driplines, as required by Israeli standards.  Eggplants irrigated with disinfected water and a control sample of eggplants from the Ramallah market were analyzed for fecal coliform and viruses.

Results and discussion

The formation of the steering committee highlighted the multi-disciplinary aspects of water reuse and was essential for the successful implementation of the demonstration project.  During the course of implementation the Ministry of Agriculture became the primary implementing partner and continues to perform the O & M of the demonstration project.  As a result of the training and discussions with the steering committee it became evident that theoretical knowledge of water reuse is not sufficient for future project implementation and that hands-on experience is essential for the sector capacity building.  Farmers introduced to the project reacted positively.

O & M of the irrigation system was significantly reduced by the automated controls.  The ornamental trees and flowers and the young orchard trees showed high vegetative growth but only results from future years will indicate the effect of reclaimed water on yield quality and quantity. Sweet corn showed high vegetative growth and obtained a high cob yield of 5 ton/ha.  Corn residuals were used as fodder for animals  A disadvantage of the use of reclaimed water was the high growth of weeds at the site.

Water quality tests showed that the disinfection system delivered a very high quality water according to Israeli standards.  Turbidity levels were lower than 2 NTU, residual chlorine levels were between 0.5 and 1.0 mg/L and no fecal coliform were encountered in the water.  Crop quality tests showed that eggplants irrigated with reclaimed water were not contaminated with fecal coliform and intestinal viruses, whereas eggplants from the Ramallah market were contaminated at the very low level of 1 CPU/kg.  In the nursery, seedling germination rates were high (> 90%) and seedlings irrigated with the reclaimed water showed high vegetative growth.

Challenges for the demonstration project

The main challenge for the demonstration project is to provide continuous momentum for the capacity building of the water reuse sector and for the strengthening of the coordination mechanisms that have been established.  This momentum can be obtained by expanding the mandate of the demonstration project to that of experimental station.  Within this framework a comprehensive monitoring program should be established that serves as a foundation for a Palestinian water reuse knowledge and database and provides practical reuse expertise.  This knowledge and expertise is at the basis of a successful program to provide information and extension services to farmers and modify their negative perception of reclaimed water use.

Conclusions and recommendations

The reuse of reclaimed water is essential to meet the expanding water demands of the agricultural sector in the West Bank and therefore should be part of the integrated management of the available and future water resources.  In case of the proposed Hebron Regional Wastewater Treatment Plant, the reuse of the reclaimed water is an integral component of the project planning and meets the long-term strategy of water resources development in the West Bank.  The feasibility study of agricultural reuse showed that this planning requires a multi-disciplinary approach that incorporates analysis of local and institutional stakeholders, hydrology, irrigation and civil engineering, agronomy, soil classification and land reclamation and programs for water reuse regulation, public awareness and institutional capacity building.

Analysis of local landowners and project stakeholders showed that the implementation of the reuse facilities can be impeded by a negative perception of the local community and limited practical reuse expertise and coordination among Palestinian institutions.  Three management scenarios for the reuse facilities were identified: 1. management by the local community, 2. management by an agribusiness and 3. management by a public-private partnership.  The land classification analysis identified a sufficient land base of 325 ha of irrigable lands, but prior to intensive agriculture land reclamation is necessary to reduce salinity and sodicity.  Without land reclamation soils deteriorate and become unsuitable for irrigation.

A rotation of wheat – alfafa is suitable during the first years of land reclamation.  After reclamation, a cropping pattern based on olive trees is suitable for management by the local community, and a cropping pattern based on datepalm and mango is suitable for management by an agri-business.  Recreational landscaping like a golf course is suitable for management by a public-private partnership.  Modeling of the water, salt and nitrogen balances showed that all cropping patterns are technically feasible.  Salt balances showed that a salinity leaching fraction is necessary to maintain acceptable soil salinity levels.  Water balances showed that excess effluent in winter months amounts to 40% of the total reclaimed water.  An area of 1,000 hectares planted with rangeland trees can be used to use effluent in winter and comply with the “zero-wadi discharge” condition required by regional regulatory bodies.  The economic analysis showed that both the cultivation of olives and of datepalm is beneficiary, with datepalm cultivation showing the highest net annual revenue. 

A first step to build Palestinian sector capacity was the establishment of the demonstration project for reclaimed water use in irrigation in Al-Bireh that demonstrated the beneficial use of reclaimed water to Palestinian institutions and farmers.  The main success of the project was the establishment of a steering committee consisting of government institutions involved in water reclamation and reuse.  By means of this steering committee institutional roles and responsibilities became clear and project management was turned-over to the Ministry of Agriculture.  The demonstration project showed that reclaimed water of a high quality can be used beneficially for a range of crops, including orchards, nut trees, field crops and ornamental crops. Very high quality water can be obtained through disinfection.

Social, institutional and technical challenges were identified.  The main social challenges are the identification of local stakeholders in reuse projects and the establishment of public awareness programs and extension work to change farmers negative perception of water reclamation and reuse and to provide practical extension tools for sustainable water reuse.  The main institutional challenge is to expand and strengthen the partnership of Palestinian institutions in the water reuse sector, to define and implement roles and responsibilities and to develop procedures for sound water reuse regulation, licensing and monitoring.  Increased technical institutional capacity is required to address the technical issues of the planned reuse project in Hebron, with an emphasis on land reclamation procedures, testing of suitable cropping patterns and the development of procedures for “zero-wadi discharge.”

As there is a vast global knowledge base in the field of reclamation and reuse, consisting of standards and guidelines, examples of “best-practice” projects and numerous centers of reuse expertise, Palestinian institutions should use this knowledge base as a basis for increased institutional capacity.  Through practical research at experimental and pilot projects, that applies global knowledge to water reuse in the Palestinian situation, institutions should establish a local knowledge and database that contains data on agronomic, environmental and public health aspects of reclaimed water use.  A strong institutional capacity is the basis for the capacity building of Palestinian farmers and the future of sustainable water reuse.
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