Master Plan of water resources for Nablus Governorate
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Oslo agreement (1995) was a turning point to the Palestinian water situation, it has defined the amounts of water generated specially from groundwater and how these amounts will be distributed between Palestine and Israel over the years. Oslo drew political lines to water use in the west bank and Gaza strip which had a serious consequences and was oppressive to the Palestinians. 

The Mountain Aquifer is the main groundwater source in the West Bank. This aquifer is divided into three sub-basins (The Western Aquifer, the Eastern Aquifer, and the Northeastern Aquifer). Around 80% of aquifer recharge occurs inside the West Bank.

[bookmark: _Toc374985635]Nablus as a main Governorate will be the target of this plan.  It tries to find feasible and practical solutions for all of its water problems and to put Nablus in the safe, healthy water track.

The objective of this project is well studied, defined and designed water master plan for Nablus Governorate which provides clean water delivered to consumers in all communities. This plan is the first step towards prosperous Nablus.
To achieve this target the following will be done:
· Study the existing water condition.
· Define all gaps and problems the system has.
· Develop appropriate alternatives and solutions.
· Create a feasible water master plan in order to govern sustained water condition in Nablus Governorate. 

The plan employs the concept of clusters; Nablus was divided into 6 clusters based on location and Joint Services council and other criteria which will be discussed later on. Each cluster contains similar communities. This was done to help controlling the study process and to recognize all gaps existed big or small.

Nablus Governorate is located between the three aquifers the west bank feed on. The Eastern aquifer, western aquifer, Northern-Eastern aquifer are the most important groundwater sources for domestic usage.
The main water resources of Nablus governorate can be divided into local resources such as municipal wells, agricultural wells, springs, PWA wells. The other resource is purchased resources where WBWD purchase water from MEKOROT to cover the supply.

Generally, based on WHO guidelines for drinking water quality, water supply for the public should take basic factors into consideration. Those parameters are mainly summarized with five words: Quality, Quantity, Accessibility, Affordability and Continuity. Despite the ongoing intricacies of current situation, PWA is playing all the needed efforts to fulfill these parameters.
Drinking and domestic water supply management in the Nablus Governorate is carried out through municipalities, local councils, and joint services councils. The service providers are supplied in bulk by the West Bank Department, while a few others either are supplied by Nablus municipality or have their own water resources or purchase water from private agricultural wells.
Springs, wells, and purchased resources provided this governorate with 18 MCM (11 MCM/yr for domestic purposes). Its average daily water supply rate was approximately 90 l/c/d and the average consumption rate was 64 l/c/d. 
The Governorate’s total need of domestic water was estimated to be 19 MCM/yr, i.e. there was a water deficit of approximately 7 MCM/yr, without considering the UFW in the system, which had average of 30%.
The quality of water delivered and used at the household level is an important indicator that measures the adequacy of domestic water supply and influences hygiene and public health. The supplied water must meet the minimal quality standards for the particular use, with drinking water having extremely strict standard.

Losses in the water distribution networks (WDNs) cannot be avoided under the current situation but it can be reduced this will be discussed later. Each area has a specific percentage of losses in WDNs
Unaccounted for water (UFW) in piped areas comprises:
· Physical losses at the source and in the main conveyance lines and distribution networks.
· Meter losses.
· Illegal connections, black losses.

Clustering is a strategy demanded by a given situation characterized a big, generalized with comprehensive impact where implementing solutions and identifications of components are difficult to deal with. The objective of clustering is to find a group of common conditions and factors affecting such situation and try to propose practical analysis with feasible solutions.
[bookmark: _Toc374985656]Main criteria considered in clustering:
· [bookmark: _Toc374985657]Geographical Location.
· [bookmark: _Toc374985658]Topography.
· [bookmark: _Toc374985659]Source of Water.
· The Division of Local Government.

Future Palestinian water needs is this quantity of water that will be needed for the state to survive and be able to meet all sectors’ needs including domestic, public, industrial and agricultural. To be able to make an estimate and projection for these needs, a number of assumptions need to be taken. These assumptions, in the case of Palestine, will not be entirely based on present water consumption data, due to the fact that present water consumption is suppressed. Nevertheless, data on present water consumption is needed and is available for three sectors: municipal, industrial and agricultural consumption.

Population increase is the fundamental parameter affecting future water needs. This determines not only domestic demand, but also agricultural/livestock demand (to feed the population) and commercial/industrial demand (to provide an economy to support the economic development of the population).
Pop needed = Pop base year (1+i) n
This project assumed a growth rate equal to 3% until 2032 assuming good economic growth, political stability, medical advances, and massive increase in agricultural productivity and returnees.
Assumed value will decrease by time due to change in life style such as people tendency to have smaller families and urbanization. Traditions as well play important role in this exponential decreasing. As a result, growth rate is assumed to be 3% , 2.5% and 2% for years of 2017, 2022 and 2032.
This project proposes 3 stages to satisfy water needs. The first one is 2017 which means 4 years from now, with growth rate of 3%. The second stage is 2022 with growth rate of 2.5% and the final stage is 2032 with a growth rate of 2%. Stage three has 10 years duration because the works that are left would be minimal which mostly will focus on maintenance and secondary works for extra population.

From the previous calculations and assumption we reached to an important fact, which is, the current water demand is not sufficient, and there’s a variation compared to the one we aim to reach by the end of 2032. This Gap will be filled during the upcoming twenty years by developing solutions, which may contain finding new resources to increase the supply. 

In the previous steps and after growing the existing condition and future water demand; it’s clear that there’s a gap in water demand that must be fulfilled in order to meet the needs of the increased populations. More people mean more water. In addition there’s a need to guarantee a higher slandered in population water demand according to WHO.
This gap is considered the heart of this study as it reflects the future problems in the water sector if it’s not handled carefully. To bridge this gap and find a suitable solution, it was found that there are four potential future water sources to be taken under consideration:

1. Rainwater harvesting.
2. Rehabilitation of existing water networks.
3. New groundwater wells (Conveyance systems).
4. Additional water from final negotiation.
Water Distribution plan:

When designing the plan and the strategy of applying it to Nablus governorate, certain criteria was taken under consideration, some of these criteria are:

· Studying the existing roads and water supply network that could be used in planning.
· Finding wells closest to each cluster or wells that can be connected to the cluster’s water supply network.
· Looping networks connected clusters to each other was important criteria as it enhance the supply system especially in emergencies.
Ground Reservoirs was built to store the water pumped from wells before supplying it to communities. Reservoirs location for each cluster
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1. Reservoirs capacity is designed to cover a 10 hours supply for the served communities.
2. Reservoirs locations are selected according to the highest points.
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The head provided by each pump must overcome the static head difference between the start and the end point. In addition the head must cover the friction and local losses of pipes which is assumed to be 1% of the total length.
1. The pumps will work on an efficiency of 80%.
2. Pumps are selected based on the availability of the Palestinian market. 
Pipes

1. Ductile iron pipes are used according to local availability and reasonable cost.
2. Design velocity is 2 m/s
3. Head loss of pipes is 1% of the total length.
4. Minimum pipe diameter is 3 inch. The Palestinian market was considered in selecting pipes diameter.
5. Road network is a main criterion in deciding the path of pipes.

Agricultural gap

The vision for the Palestinian water authority is to cover the gap in agricultural sector through the following points:
· There are wells and springs allocated for agricultural sector, as planned by ministry of agriculture.
· Additional water will be provided through dams in Albadan and Alfaria wadis and mixing the water from rainwater harvesting with the treated waste water, which is from eastern Nablus treatment plants.
· The governorate portion from Jordan River basin will be allocated for agriculture purposes also, where it is approximately equals to 25 MCM/year.
Where this quantity will be enough to cover the gap for agricultural sector, thus there is no additional fresh water will be given for this sector from groundwater wells.








Cost estimation and packages :

In order to have a successful applicable project, massive comprehensive efforts must be exerted, these efforts include a good project management through the execution of a reasonable funding allocation under the consideration of economic and political conditions. A convenient distribution of the technical and financial resources is required.
Implementing the plan comes through the execution of several project divided through the plan period to give the best allocation of resources as possible. These projects are proposed in 13 packages aiming to fulfill the water gap by the year 2032.
Cash Flow

Cash flows are considered the most important step in every project, as it reflects the expenses paid per year. Uniformity of cash flows is an indicator of successful projects as it ensures a reasonable allocation of money.
 Usually the initial cost of a project is the highest of all years due to the availability of funding money, after that, expenses tend to be uniform and closely equal in amounts. 
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