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 Executive summary *

 This paper is not intended to advocate that the level of Ground Water management ( GWM ) achieved in Israel is to be implemented universally. Water mgmt. experts should look at the experience and the Strategy model of Israel as a laboratory for others, or as a long range objective of Ground Water mgmt.

 Israel is a water scarce semi arid country, relatively small (20000+ sq.km. ) with a present population of approximately 6.5 millions, and a total availability of average fresh water resources of approx. 1600 Millions of Cubic meters(C.M.) per average year--less than 260  CM/cap/year--in a country that irrigation is essential to maintain economic agricultural production, as rain falls along the 5 months of winter ,only.

 Since its establishment in 1948 as an independent state, water resources research, planning, development, control ,management and monitoring-have become national priority regarding the legislative basis ,the institutional set up, the budgetary investments, R&D in water related technology and Agronomy, and the creation of monitoring data and tools.

 The Water Drilling law and Water Metering Law preceded the General Water Code which declared all water resources of the country to be public property. It was followed by the Water pollution prevention law and a whole set of relevant regulations in order to enable the authorities to implement all the legal and institutional demands.

 Ground water development started back in the history of Israel, with archeological findings of Hydro-Geological research and understandings since 1000  B.C. 

 In the 20th century the total aquifers knowledge have been developed, over 65% of the total water supply of the country is pumped from the aquifers, all wells are metered, the total supply is metered to each farmer ,apartment in the cities ,houses in villages, industry etc--water is allocated to all consumers and progressive water pricing have been imposed on all consumers, as well as Pumping levies per C.M. pumped.

 Constant monitoring of water tables in all aquifers, water quality sampling and analysis, as well as control over consumption, the operation of the water meters and any changes in patterns are recorded and investigated.  Water pollution trends analysis and actions, artificial recharge with fresh water as well as Sewage treated effluents, are integrated parts of the national water development and mgmt. policies.

 After 50 years of the national operation and comprehensive use of its Ground Water Resources--the presentation will conclude with the description of the results, the mistakes and the achievement of its unique Strategy Model.

___________________________________________________________

* Oral presentation will be done by using a PPT (Power point) set that should be integrated into this paper. 
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Introduction

Ground water  development associated with Hydro-Geological studies

  started in the Holy Lands more than 3000 years ago. Archeological findings established rather sophisticated knowledge during the early Biblical times. However, this subject deserves a separate paper.

     Modern Hydro-Geological studies started in the 1930s,  while the Hydrological department was created ,and intensive research was initiated. Preliminary master planning of water resources and works to support forecasting of water supply and demand, mainly started after the formation of Israel ,in its new boundaries and populations.

     Israel was established as an independent state in May 1948, and had to struggle with waves of post world war II immigrants, these waves tripled its population within few years. The only feasible way, for the country was to resettle the immigrants  in the rural areas, in villages, followed by urgent water resources development and distribution in order to provide income as well as irrigated crops as agricultural products, for a developing nation with limited financial resources. 

     The situation forced the authorities to initiate the basic legislative tools, the institutional set up and a rapid ground water development, as most of the surface water resources were in the northern part of the country while the population growth was mainly in the central and southern regions.

    Wide scale drilling and pumping water from the various aquifers, enabled the authorities to meet the water demand throughout the country, and allowed for “over pumping” as the National Water Carrier (NWC) was already being planned and its construction has started.

 The NWC has enabled the country to move surplus water from the north to the centers of population and development in the south. In 1964 the National Water Network was completed, thus creating an integrated network of all Ground water and surface sources. The Sea of Galilee, in the middle of the Jordan basin was linked with a closed piping (108” + a couple of 66”,70”and 84” lines) all the way to the extreme southern end of the country ,interconnecting along its way all regional projects based on the various aquifers.

The National Water strategy Model

 A number of corner stones of the national water strategy has then been established as following :

   1) Water code based on the declaration of all water resources as public property, and the promotion of  water conservation and promotion of water use efficiency, in order to meet future demands, following gradual and economic development of water  resources. The Code includes all the relevant and specific laws like “The Water Drilling law” .the water metering law, the water pollution prevention laws and others.

  2) Establishment of a Water commissioner’s office having complete responsibility for all water affairs and management.

   3) Integration of the great majority of the water resources in the country ,ground and surface ,in one net work, the NWC--- the National Water Carrier, enabling the country maximum flexibility in the operation of the various water resources in the country. The aquifers and the ground water reserves acted and still do as the most effective storage of water between seasons, dry and wet years and weather fluctuations.

   4) Total water metering was started and completed within 10 years. Each well and water producer and consumer in the rural , urban and Industrial sectors are legally obligated to install standard water meters, calibrated regularly, by certified laboratories—these meters form the basis for the Water demand mgmt. strategy. and the Ground and surface water resources mgmt. Each well, each industry each apartment in the urban sector, each farmer and any other producer or water user are all metered, read routinely and reported to the water authorities.

   5) The water annual licensing  and allocation system was initiated in 1959, based on water Production and Consumption Norms mainly used in the Agriculture and industrial sectors. The NORMS were developed, and are being changed along time, through an intensive research and development program , in order to establish the optimum water use by crops ,regions ,industrial products and others.

   6) Water Pricing:  Prices are based on the Progressive Block Rates principles, set by Parliament commission for over 70 % of the total water produced and distributed by the National Water corp. within the Integrated national net work (NWC). The water rates for the rest of the producers and consumers are based on costs in addition to Production Levees which reflect the average shadow values of water. 

  7) A number of other important issues like the prevention of water pollution, water quality control, water drainage regulations, and others supplement the main features of the strategy as described above, but will not be detailed here as they are not directly linked to GROUND WATER MANAGEMENT. However, it is worthwhile to mention ,that as a result of the dry spells and water demand beyond natural recharges the Government .has decided to initiate and accelerate the construction of Sea water desalination plants, adding about 25% to the total fresh water availability of the country, following significant  costs reductions.  The decision includes as well, the completion of a nationwide treatment and re use of all its treated waste water, Tertiary or Secondary treated, and allocating these new sources of water to the farmers in exchange for their fresh water allocations. THIS POLICY AND INVESTMENTS WILL ALLOW THE COUNTRY TO CONTINUE ITS SOCIO-ECONOMIC GROWTH DESPITE THE INCREASE IN POPULATION AND STANDARD OF LIVING.

GROUND WATER MANAGEMNT STRATEGY

The legal and institutional basis for the GWM strategy was already described  in the previous chapter.

It is a unique and complex system which can be justified only where water scarcity may, or will reach acute levels, where political leadership is ready to take difficult decisions, when the benefits are longer term ones, while the investments are short term.

 One should stress that water shortages and the appropriate instruments to deal with them, should be evaluated, calculated and measured at the site of consumption (the cities, towns industries and farming fields ), even in relatively water abundant nations or regions.

 Following are the main components of Israel Ground Water Management strategy , based on the legal ,institutional and economic tools, mentioned before:

  1) Establishment and assembly all relevant data needed for a completer Hydro-Geological mapping of all relevant aquifers. Production of planning and management models to quantify safe yields and water quality changes in the aquifers.

 2) Installation of multi purpose monitoring equipment for measurements of precipitation (rain ,snow) , levels of water tables  and quality indicators.   Further parameters recorded constantly are flows in streams, water-metering of all production wells and specific observation wells, and the routine collection and analysis of all field data. 

Continuous calibration of the models is done based on the field data, with fine-tuning of the balance parameters like: Evapo-Transpiration of the plants ,leakages into the aquifers from irrigation (mainly past irrigation methods), artificial recharges during surpluses in the NWC, controlled artificial recharges of Treated waste water as part of Tertiary treatment system for the purpose of waste water re –use etc.

3) Every spring time, following the winter rains the Water Commissioner will issue regulations specifying the amount of water allowed to be pumped from each of the Aquifers, sub-aquifers and other sources.  The regulations are the result of the Hydrological Data submitted to him by the responsible service which collects and analyzes all field data. Routine Hydrological reports are issued every month, water tables and salinity of approx. 50 representative wells and flows around the country. An annual report of all sources is published including contour maps of water tables and salinity indicators like NACL.

4)  Wells which its water tables and or salinity (as well as other pollutants) exceed the allowable levels will be closed down and monitored for improvement/

 5) The total field data is collected by the National Water corp. staff, the private owners of the wells or pumping stations, as well as at random by the staff of the Hydrological service. (Its staff and cars are legally allowed to reach any well, any time, and collect data from the water meters, water table as well as water quality samples.)

6) The ground water storage is therefore the operational storage of the National Water System, enabling the Water Commissioner to instruct and initiate artificial re- charge of various aquifers, limitations of pumping as well as increase of pumping in the others. 

These actions are especially needed during dry years or wet ones, the flexibility of the integrated national network, enables such decisions to be taken with a minimum expenditures and time.  During the last 3 years, for example, water allocations to the farmers were reduced by approx. 40%, as the result of a dry spell.

Conclusions: 

1) Indeed, the complexity and the costs involved in the execution and maintaining Israel water network and strategy, allowed the country to reach a GDP of $16.000 USD/capita/year. It also produces large percentage of its agricultural needs (except grains which are imported and represent an import of Virtual water). 

2) It has been proved that in the conditions of a country like Israel a comprehensive ground water management can be achieved.

3) This ground water strategy can be sliced and implemented in steps along time, as the need arises.
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