GROUNDWATER QUANTITY AND QUALITY: 2001

The most recent report of the Hydrological Service reveals continuous risks to the quantity and quality of the country’s water sources

Preservation of the country’s scant water sources may be the greatest challenge facing Israel today. Israel entered the 21st century with one of its greatest water overdrafts ever. The depletion of the country’s main water sources is exacerbated by the deteriorating quality of water resources due to demographic, industrial and agricultural pressures and to overexploitation of the country’s water reservoirs beyond the natural replenishment rate. 

Groundwater Yields

The following table presents the total yields (from both drillings and springs) of Israel's groundwater basins in the 2000/01 hydrological year as well as estimates of the average annual replenishment rates, as reported by the Hydrological Service. Infiltration includes effluents from the Dan Region Wastewater Reclamation Project and other recharge areas and drillings. 

Pumping, Yield and Replenishment of Israel’s Water Resources (MCM)(2000/2001)

	Basin
	Pumping

Total Saline*
	Infiltration
	Springs Flow

Total  Saline
	Yield
	Replenishment
	Average Replenishment

	Coastal
	   476     14
	122
	
	 476
	248**
	283

	Mountain
	   374        5
	    0
	   20       19
	 394
	  264
	350

	W. Galilee
	    96      10
	
	   12       1
	 108
	  108
	153

	Carmel
	    35         8
	
	    3          3
	   38
	    38
	47

	Kinneret
	    62
	
	276       16
	 338
	  394
	580

	E. Mountain
	  149       14
	
	190#     125
	 339
	  283
	367

	Negev & Arava
	   85        53
	
	
	   85
	   55***
	55***

	TOTAL
	1277     104
	122
	501       164
	1778
	1390
	1835


Source:  Hydrological Service, Water Commission

*Water with chloride concentrations exceeding 400 mg/l is defined as saline.

** Replenishment in the Coastal Aquifer includes irrigation return flows, leaks, etc. estimated at 39MCM.

***Mostly a one-time reserve

# Including spring flow in Judea and Samaria for 1999/0

As seen in the table, nearly 1780 MCM of water were produced from groundwater in 2000/2001 hydrological year, about 150 MCM less than in the previous year.1280 MCM were pumped from wells and the rest from springs. Israel’s two major basins – coastal and Yarkon-Taninim – yielded nearly two-thirds of the total while the Kinneret basin yielded over a quarter of national production. 

Israel’s Main Sources of Drinking Water

· Lake Kinneret (Sea of Galilee): Israel’s only surface water reservoir conveys water directly to surrounding areas and to other regions of the country via the 130 kilometer long National Water Carrier – the primary artery for supplying drinking water to most of the population. Water levels have been traditionally regulated between 209 meters and 213 meters below sea level (dropped to 215.5 meters due to drought conditions). The lake has a surface area of 167 km2, an average depth of 26 meters, and a renewable water supply of about 450 million cubic meters (MCM). 

· Coastal Aquifer: This sandstone aquifer extends along 120 kilometers of the Mediterranean coastline. It is naturally recharged by precipitation and artificially recharged by water from the National Water Carrier, effluents and excess irrigation water percolating from agricultural, industrial and domestic land uses as well as from streams and wadis. The aquifer is also a valuable storage basin since sandstone layers hold water efficiently. It has a mean annual recharge of 250 MCM in addition to 50 MCM of agricultural drainage.

· Mountain Aquifer: This limestone aquifer underlies the foothills in the center of the country. The basin is comprised of three subaquifers: the Western Basin, known as the Yarkon-Taninim aquifer, flows in north and westward directions and discharges in the Taninim Springs on the Mediterranean coast while the Northeastern and Eastern Basins discharge in the Beit Shean Springs and the Jordan Rift Valley and Dead Sea. The Yarkon-Taninim aquifer is regenerated by precipitation with average annual renewable recharges of about 350 MCM. 

· Relatively smaller aquifers are located in the Western Galilee, Eastern Galilee, Golan Heights, Jordan Rift, and Arava valley.

Water Quality in the Coastal Aquifer

Due to its large storage volume and proximity to the most densely populated region of the country, the coastal aquifer is one of the most important sources of groundwater in Israel. In the year 2000/01, 476 MCM of water were pumped from this aquifer alone, over a quarter of the national total. Average pumping in the coastal aquifer between 1970 and 2000 was 413 MCM. In 2000/01, 476 MCM were pumped, 45 MCM less than in the previous year and 106 MCM more than the replenishment rate (including infiltration) in this year. 

The coastal aquifer is seriously threatened by chemical and microbial pollutants, salination, nitrates, heavy metals, fuels and toxic organic compounds. According to the most recent report of the Hydrological Service, about 15% of the total amount of water pumped from the coastal aquifer does not comply with existing drinking water standards for chloride and nitrate concentrations.


[image: image1.wmf]Pumping in the Coastal Aquifer 

(

MCM

)

0

100

200

300

400

500

600

69

/

70

71

/

72

73

/

74

75

/

76

77

/

78

79

/

80

81

/

82

83

/

84

85

/

86

87

/

88

89

/

90

91

/

92

93

/

94

95

/

96

97

/

98

99

/

00

pumping 

(

MCM

)

 

Salination and chloride accumulation: In the 1930s, before intensive exploitation of the coastal aquifer began, this aquifer’s waters were characterized by low salinity (50-100 mg/liter) and insignificant pollution (less than 10 mg/liter of nitrates). Overpumping (pumping exceeding the replenishment rate) subsequently reduced water levels by 6-10 meters and changed water flow directions. This disturbed the delicate balance between the entrance and exit of salts and pollutants. The result: continuous increases in chloride concentrations. 

Over the years, average chloride concentrations in the coastal aquifer have increased to 198 mg/liter, with an average rate of increase of 2.4 mg/liter per year. Agricultural activity (irrigation, fertilization and pesticides) and leakages from sewage treatment plants, landfills, industry and fuel lines have led to deterioration in water quality. 

While 53% of the water do not exceed a salinity level of 200 mg/liter, only 39% is water whose chloride level is lower than 250 mg/liter and nitrate concentration lower than 45 mg/liter. Effluents from the Dan Region Wastewater Reclamation Project are infiltrated into the coastal aquifer in order to supply water for irrigation to the arid Negev. In 2000/01, a total of 122 MCM were infiltrated into the coastal aquifer from various sources, of which 94% were effluents at a salinity level of 298 mg/liter. 

While growing awareness has led to better management and a decrease in overpumping, the prognosis for this aquifer remains bleak. The present regime of pumping, recharge and irrigation must be changed if these trends are to be stopped. Many wells have reached a salinity level exceeding 250 mg/liter, a concentration unsuitable for unrestricted agricultural irrigation. 
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Source: Hydrological Service, Water Commission

Nitrate accumulation: Nitrate concentrations in the coastal aquifer have increased considerably due to intensive use of fertilizers in agriculture and use of treated effluents for irrigation. Since 1950, average nitrate concentrations have increased from 30 mg/liter to 58 mg/liter today, with an annual rate of increase of about 0.6 mg/liter. Concentrations exceeding 70 mg/liter were measured in traditional agricultural areas in the center of the country. 

Coastal Aquifer: Facts and Figures

· The average natural replenishment rate of the Coastal Aquifer is estimated at 245 MCM with a variation factor of 30%.  Natural replenishment for 2000/01 was about 86% of the average.

· Return flow from agricultural consumption in 2000/01 was estimated at 39 MCM (17% of which is attributed to irrigation by effluents).

· A total of 412 MCM flowed into the aquifer in 2000/01: 51% from rain, 28% from infiltration of Tel Aviv region effluents, 10% from irrigation return flow, 10% from discharge from the east and other sources, and 1% from fresh water infiltration.

· In 2000/01, some 109 thousand tons of chlorides flowed into the aquifer: 84% from the unsaturated zone and 16% from the east and other sources. Only 85 thousand tons of chlorides left the aquifer, leaving an excess of 24 thousand tons of chlorides in this year alone (mostly through pumping).

· In 2000/01, 23 thousand tons of nitrates flowed into the aquifer and only 22 thousand tons exited it, leaving an excess of one thousand tons of nitrates. In most areas, a decrease was noted in nitrate concentrations in groundwater.

The Yarkon-Taninim (Mountain) Aquifer

The Yarkon-Taninim Aquifer, a sub-basin of the mountain aquifer, is named for its two main natural outlets: the Yarkon Springs, which rise 15 kilometers east of Tel Aviv and once supplied some 220 MCM of fresh water, and the Taninim Springs, 60 kilometers to the north which once supplied some 110 MCM of saline water. The Yarkon-Taninim Aquifer lies to the east of the coastal plain, extending from the Carmel in the north to south of Beersheba. 

Because of the deterioration in both quantity and quality of the water in the coastal aquifer, the Yarkon-Taninim Aquifer is becoming a main supplier of drinking water in the country.  This aquifer supplies nearly 410 MCM per year, a fifth of the total national production, although the annual natural recharge rate is only about 350 MCM. The total yield from this aquifer (including pumping and springs) over the past thirty years ranges between 300-500 MCM per year, with the exception of the drought year of 1998/1999, when 604 MCM (573 MCM from wells). In 2000/2001 the yield decreased to 394 MM (374 MCM from wells). Water levels have decreased while a gradual increase in chlorides has been noted at an average rate of 2-3 mg/liter a year in the south and 0.5 mg/liter in the north. 
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Chloride concentrations in the northern part are low (about 100 mg/liter) but increasing while in the center, concentrations are higher (180 mg/liter) but a trend of increase is not noticeable.

This deep limestone aquifer is especially prone to contamination due to its karstic nature and the quick transit of pollutants through it. Overexploitation may lead to a rapid rate of saline water infiltration from surrounding saline water sources. 

Kinneret Basin

The Kinneret basin is the largest groundwater basin in Israel, with production reaching some 500 MCM per year, about 27% of the total national yield. The basin spreads from Mount Hermon in the north to Lake Kinneret (Sea of Galilee). Its sub-basins have a common outlet: Lake Kinneret. Nearly 90% of the water yield is from spring flow. However, since spring flow is largely dependent on rainfall during each particular year, there is a significant fluctuation in the annual flow (between 300-600 MCM). As an example, spring flow from the sources of the Jordan over the past 13 years has varied dramatically, by some 27%, ranging between a peak of 454 MCM in 1992/93 to a low of 200 MCM in 2000/2001. 

The average flow of springs in the basin in the period 1987/88-2000/01 was 426 MCM, most (77%) derived from the springs of the sources of the Jordan. However, in the past hydrological year, the flow was reduced to only 275 MCM, less than two-thirds of the average flow. Pumping in this basin in 2000/01 reached 62 MCM, 

Water quality in this basin remains excellent. Chloride concentrations have remained relatively stable in recent years while nitrate concentrations are within the realms of the standard. 

On the other hand, due to the random nature of precipitation in this region, the uncertainty factor must be taken into account in the development and operation of the water management regime in order to prevent recurrences of water supply crises. 

(Source: Development of the Utilization and Condition of Water Sources in Israel Until Autumn 2001, published by the Hydrological Service, Water Commission, Ministry of National Infrastructure, Jerusalem 2002)
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		year		chlorides		nitrates

		1970		130		43

		1971		132		43

		1972		132		43

		1973		130		44

		1974		135		44

		1975		135		44

		1976		137		45

		1977		142		45

		1978		144		46

		1979		146		45

		1980		149		45

		1981		150		45

		1982		154		52

		1983		158		49

		1984		160		43

		1985		166		43

		1986		162		53

		1987		166		50

		1988		169		48

		1989		171		49

		1990		174		50

		1991		174		52

		1992		179		53

		1993		181		52

		1994		185		52

		1995		191		61

		1996		188		60

		1997		190		59

		1998		192		59

		1999		193		60

		2000		194		62

		2001		198		58
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Figure 2 Average Chloride and Nitrate Concentrations - Coastal Aquifer
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