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This working report is an output from the Recharge
Estimation Component, part of SUSMAQ project.

Working reports are designed to present and to
communicate the results of work on the sUSMAQ Project
without delay. The findings, interpretations and
conclusions expressed are those of the authors (the team)
and should not be attributed to other collaborators on the
SUSMAQ project.

The project does not guarantee the accuracy of the data
included in this publication. Boundaries, colours,
denominations and other information shown in maps,
figures, tables and the text does not imply any judgment
on legal status of territory or the endorsement of
boundaries. The typescript of this report has not been
prepared in accordance with procedures appropriate to
formal printed texts, and the partners and funding agency
accept no responsibility for errors.
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The susMAQ Project

The aim of the project is to increase understanding of the
sustainable yield of the West Bank and Gaza aquifers
under a range of future economic, demographic and land
use scenarios, and evaluate alternative groundwater
management options. The project is interdisciplinary,
bringing together hydrogeologists and groundwater
modellers with economists and policy experts. In this
way, hydrogeological understanding can inform, and be
informed by, insights from the social sciences. The
results of the study will provide support to decision-
making at all levels in relation to the sustainable yield of
the West Bank and Gaza aquifers.

The project runs from November 1999 to October 2004,
and is a partnership between the Palestinian Water
Authority, University of Newcastle and the British
Geological Survey. The project is funded by the United
Kingdom’s Department for International Development
(DFID).

Recharge Estimation Component is part of the
SUSMAQ project which aims at developing
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studying the hydrochemistry of the aquifers.
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Figure 1  Map showing the distribution of groundwater nitrate, sulphate and TDS across the

West Bank. Colour coding of concentration ranges as indicated. Based on most
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Figure2  Map showing the water-quality implications of the distribution of nitrate in the

Western Basin, based on time-series data (PWA, 2001) with selected examples

plotted; these include TDS data (LH axis) and nitrate and sulphate data (RH axis),

all measurements in mg/l. Site codes commencing with letters refer to springs.

All wells and springs tap the Mountain Aquifer. Colour codes as indicated, spring

sources denoted by trangles. ..o 5

Figure 3 Map showing distribution of nitrate in the Northeastern Basin, based on time-

series data (PWA, 2001) with selected examples plotted; these include TDS data

(LH axis) and nitrate and sulphate data (RH axis), all measurements in mg/l. Site

codes commencing with letters refer to springs. All wells and springs tap pre-

Pleistocene formations, mainly the Palaeogene Jenin aquifer. Colour codes as

indicated, spring sources denoted by triangles. .........cccocceviveieiieni e 6

Figure 4 Map showing the water-quality implications of the distribution of nitrate in the

Eastern Basin, based on time series data (PWA, 2001) with selected examples
plotted; these include TDS data (LH axis) and nitrate and sulphate data (RH axis),
all measurements in mg/l. Although some wells and springs tap pre-Pleistocene
formations, many are abstracting from the unconfined Pleistocene aquifer. Colour
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(@) Tritium data from groundwater in the Ein Karem wellfield west of Jerusalem
(Kroitoru et al, 1989) compared to the rainfall values from the Bet Dagan station
(IAEA, 1992). The measured groundwater values are back-corrected for
radioactive decay. Only one water (from Ein Karem No 1) could consist wholly
of recharge by modern rainfall. Error bars shown for this sample only. (b) Plot of
tritium vs radiocarbon confirming that all other Ein Karem samples are mixtures
of pre-tritium (>50 yrs) water with modern water, and that the modern component
IS OF VEIY FECENT B0E. ...eiiiiiiiieiieieee ettt 14

(@) Tritium data from groundwater in the Yarkon area SW of Qalgilia (Avisar et
al, 2001) compared to the rainfall values from the Bet Dagan station (IAEA,
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tritium vs radiocarbon confirming that the Yarkon wellfield samples are mixtures
of pre-tritium (>50 yrs) water with modern Water. ...........cccceovreiiienieniesieniennnns 15
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Slearcite (calcite saturation index) for the same samples. Results within the £ 0.3
band are considered to be at saturation; those in excess are slightly over-saturated.
The Eocene aquifer samples lie on a trend with a higher Ca content than the other
SOUICES. ..teeueeesteesseeesteeeseeebeeaae e e e e ahe e e bt e e he e e ab e e e Re e e s et e e he e e mb e e eb e e e nb e e ame e e nbeenbeeanneenneeenes 18

(a) Plot of molar K/Na vs easting demonstrates that some Pleistocene well and
spring waters in the Eastern Basin may be obtaining extra potassium from
fertiliser inputs. (b) Plot of Na/Ca vs easting demonstrates that some wells,
particularly in the Eocene, show an increase in Na relative to Ca possibly
reflecting a contribution from saline sources. Based on data from PWA (2001).19

O & H stable isotope data from the Faria and Wadi Kelt sub-basin of the Eastern
Basin from Ghanem (1999) and Kroitoru et al (1985) respectively. WML -
World Meteoric Line, EMML - Eastern Mediterranean Meteoric Line of Gat
(1980). Error bars shown for one set of samples only. No samples show evidence
of significant evaporation before recharge. .......c.ccccoovveieiiii e, 20



Figure 14

Figure 15

Figure 16

Figure 17

Figure 18

Plots of tritium concentration vs easting for the Eastern Aquifer Basin: (a) the
Faria sub-basin, (b) the Wadi Kelt sub-basin, and (c) the intervening area. Based
on data from Ghanem (1999), Kroitoru et al (1995) and Kronfeld et al (1992)
respectively. Contemporaneous rainfall average tritium value from IAEA Bet
Dagan station shown as dashed line. ..o 21

Tritium concentrations for young waters from the Mountain Aquifer in the
Eastern Basin (data from Kronfeld et al, 1992). Sample values have been back-
corrected for radioactive decay and are compared to the Bet Dagan rainfall
composition trend (IAEA, 1992). The intersections show that the ages of the
samples vary between about 2 to 8 years, assuming insignificant dispersion and
mixing. All samples from springs except for two boreholes in the confined upper
aquifer unit (UA conf) and the unconfined lower aquifer unit (LA unc). ............ 22

Plot of groundwater radiocarbon activities plotted vs easting for Mountain
Aquifer sources in the Eastern Basin, showing little apparent correlation, but
basically confirming that springs in the upper aquifer unit tend to contain more
modern water than wells in either unit where unconfined, and that the oldest
waters tend to be found in the upper and lower units where confined. Based on
data from Kroitoru et al (1985) and Kronfeld et al (1992). .......ccccccevvevviiveiinenen. 23

Plot of radiocarbon vs tritium for Mountain Aquifer sources in the Eastern Basin,
showing evidence for mixing between water several thousands of years old, as
found in the confined zones of both upper and lower units, with recent waters
containing both thermonuclear tritium and **C. Based on data from Kroitoru et al
(1985) and Kronfeld et al (1992). .......cciiiiiiiieie e 24

Tritium concentrations in samples collected in springs from W to E in the Wadi
Kelt sub-basin east of Jerusalem during 1984 (Kroitoru et al, 1985). Fara, Fawar
and Kelt tap the upper unit of the Mountain Aquifer, while Elisha is supplied by
the Pleistocene aquifer. Fara and Kelt have a subdued seasonal response but this
is well-developed in Fawar and Elisha. Despite this, tritium values have rather
different ranges in each case, indicating variable amounts of modern water mixing
With rather Older WALEIS. ........ccoiiiiiiiieieee s 26



1 Introduction

Understanding the nature of recharge, water quality and groundwater flow in the aquifers of
the West Bank requires a rounded appreciation of their hydrogeology. This presents many
challenges, partly because of the karstic or sub-karstic nature of some of the formations, but
also because of the relative scarcity of data. Hydrogeochemistry in the wider sense (i.e.
including isotope hydrology and geochemistry) has an important role to play in addressing
both the resource and quality aspects of West Bank groundwater supply. In this way it can
assist and inform the resource-based modelling that is required to support the sustainable
management of the various aquifer units concerned.

The most basic use of chemistry is to investigate water quality, and this is one area where
there is an abundance of basic data available in the form of PWA (2001). This includes some
time-series data which allow conclusions to be drawn about long-term changes as well as the
identification of pollution hotspots. More complex uses of chemistry data include examining
processes of recharge, natural patterns of groundwater evolution, and identifying mixing
between waters with different hydrochemical characteristics.

Progress beyond this requires the consideration of isotopic evidence in conjunction with
hydrochemistry. While the PWA has not had routine access to such relatively sophisticated
techniques, sufficient has by now been published by various researchers on isotopic studies in
the West Bank and adjacent areas to begin to better understand problems such as mode(s) of
recharge, water residence times, and groundwater mixing patterns.

This report represents a first attempt at synthesising and interpreting the available
hydrogeochemical information for the West Bank as a whole. While many problem areas
undoubtedly remain, it is hoped that the report will at least provide the basis on which further
research can be developed and taken forward to enhance understanding of recharge and
groundwater flow.
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