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Abstract

The Western Aquifer Basin (WAB) is a shared aquifer between the Palestinians in the West Bank and the
Israelis inside the border line where 75% of its recharge areas are located in the West Bank. The Palestinians
abstract about 6.5% from the total aquifer abstraction (360 Mcm/yr). Studying the sustainable yield of WAB and
the spatial distribution of the water availability within (WAB) is very important for its sustainability management
so that the Palestinians can identify the most productive zones to help them develop their fair share of water
utilization in the future negotiations over their water right, since there is an inequity issue over the utilization of
WAB between Palestine and Israel.

This paper defines the means of sustainability in groundwater aquifers, develops analytical techniques for
estimating the sustainable yield and then applies them to the WAB and then estimates the water availability
(sustainable yields) in the Israeli side as well as in the three defined Palestinian zones (North, Middle and South).
The final part of this study is to assess the impact of Israeli abstractions on the water availability in the West Bank
part of WAB.

This study develops a flow model for the groundwater system of WAB and with the aid of DSS the
sustainable yield of WAB can be estimated. In this paper three definitions of Sustainable yield were used;
Perennial Sustainable Yield (PSY), Maximum Perennial Sustainable Yield (MPSY) and Stressed Sustainable
Yield (SSY). The PSY and MPSY are functions of the annual recharge and the annual moving average of recharge
respectively. The values of PSY and MPSY are ranging between 390-430 Mcm/yr. The SSY is more complex. It is
a function of the stored water in the aquifer, the historical abstractions and the maximum accepted drawdown. This
study also proves that most of the water is stored in the Israeli and the Palestinian middle zone while the southern
Palestinian zone (Hebron and Bethlehem) has the smallest sustainable yield (less than 2 Mcml/yr).
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Introduction

The safe sustainable yield is generally defined as that amount of water that can be
extracted from an aquifer without affecting the aquifer in a detrimental manner. It is a
widely known fact that the WAB holds the largest water reserve in Historical Palestine. A
reliable sustainable safe yield value is therefore a vital factor for future water resources
planning in Palestine. It is a generally accepted fact that the present per capita water
consumption in the Palestinian populated areas is well below World Health Organization
standards of 150 liters per day.
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The demand for an increased consumption is taking place due to the increase in
population and modernization. The increase in demand will be in all consumption areas, i.e.
industrial, agricultural and domestic areas.

Presently Israel has the ultimate control of all water resources. However, in any
future negotiations regarding water issues, the Palestinians will have to be ready to
scrutinize conditional offers and to rebut arguments. The results of this study will arm the
Palestinians with sound and invaluable tools that support the Palestinian demand for an
equal share of the aquifer.

Western Aquifer Basin (WAB)

The Western Aquifer Basin (WAB) is one of the main water resources in the West
Bank. It is a shared aquifer between the West Bank, Israel and Egypt, with a surface area of
11398 km2. WAB is the largest of all groundwater basins in Historical Palestine (West
Bank, Gaza and Israel). Within the borders of Historical Palestine, the basin covers an area
of 9158 km2. The rest of the basin is located in the northeastern Sinai in Egypt. The North-
South direction of the WAB is more than 240km long and in the West-East direction it
extends from the Mediterranean coast until the heights of the West Bank, Figure 1.

Figure 1: Location map for the Western Aquifer Basin
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During SUSMAQ* project (1999-2004), steady state and transient flow models have been
developed for the effective part of WAB, The modelled area to the south reaches only to a
line between Bir al Saba’ and the Afiq Channel near Gaza, Figure 2. It covers an area of
6035 km? with 1720 km? inside the West Bank. The studied area in this paper will cover the
modelled part of the WAB, and especially the Palestinian areas.
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Figure 2: Boundary of the modelled area

1 Sustainable Management of the West Bank and Gaza Aquifers, funded by UK Government, Department for International
Development “DIFD” and led by University of Newcastle upon Tyne & Palestinian Water,1999-2004
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Steady state Models
Two groundwater flow models have been developed for the WAB system; the first
model was developed to represent the basin before utilizing the aquifer, while the second
model was developed to represent the basin during the period 1993 to 1998. These two
models were used to estimate the sustainable yield of the WAB. The main achievements
from these models were:
e Ideal water level distribution for aquifers (water level distribution before aquifer
utilization).
e The geometry of the aquifer (top and bottom elevations for the aquifer layers was
established.
e The calibrated hydraulic properties of WAB (horizontal and vertical conductivities)
were determined.

Transient flow model

The transient flow model of WAB was developed to study the WAB response under
environmental and hydro-political stresses (e.g. rainfall and abstraction). This model
represents the WAB during the period 1986-1998. This model gives information about the
storativity/specific yield distribution of WAB which will be used to estimate the volume of
water stored in the aquifer, the change in water levels due to change in rainfall and
abstraction in the modeled period. These information was used to develop rainfall-recharge
regression equations which be used to estimate the recharge from any predicted rainfall
scenario.

The Integration Management Tool (IMT) of WAB
The transient flow model was extended in time to cover the period 1986 — 2025, and
the above models were integrated with WAB database to form “The Integrated
Management Tool (IMT)”, The IMT is defined as a multi-purpose software used to manage
the WAB by integrating all available information resources (models and databases) in a
simple way in order to be used by high-level decision makers. This IMT is used as follows:
e Evaluate the impact of abstraction scenarios on ground water levels (water

availability).

e Evaluate the impact of any climatic change scenarios (rainfall scenario) on water
levels.

e Produce more than 135 GIS maps, these maps represents the results of running the
linked models.

e  Estimate the sustainable yield of WAB under rainfall scenario.

e IMT can be linked with a multi-criteria analysis tool (MCAT) as an evaluation tool,
so that the abstraction scenario can be imported from MCAT to run the IMT to
evaluate the impact of this scenario, and then export the results to MCAT.

e Produce a summary report for the tested rainfall/abstraction scenarios
(average abstraction, water levels).
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The domain (WAB) is divided into four geographical zones (management zones):
Northern, Middle and Southern zones located in the West Bank and the Israeli zone located
outside the West Bank, Figure 3. Dividing WAB into these geographical zones will provide
the Palestinian decision makers to analyze the spatial distribution of the water availability
within WAB and also, provide them with the ability to test a large number of abstraction
scenarios.
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Figure 3: Location map for the geographical zones of WAB

The main purpose of IMT is to evaluate the impact of a rainfall and/or abstraction
scenarios on water level distribution in the WAB (water availability), therefore, two
indicators were introduced: “water level indicator” and “reliability indicator”.

Water level indicator (ENO1): This indicator will evaluate the impact of the
abstraction scenario on water levels of the WAB. The best and the worst water
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levels for each management zone were defined, and then the evaluation of the
tested abstraction scenario was based on the comparison of the resulted water level
within each management zone with regard the best and worst values of water
levels.

Reliability indicator (ENO2): This indicator is a measure of the ability of the
aquifer to discharge the needed amount of water within the management period
without any failure years. A failure year is defined as the year that the water level
in the management zone reaches a level below the worst water level for that zone.

Assessing the sustainable yield of WAB

In general, the sustainability yield of aquifer is defined as the amount of water that
could be abstracted from the aquifer system which ensures that the benefits of use of a
hydrological system will meet present objectives of society without compromising the
ability of the system to meet future objectives. Estimating the sustainable yield of WAB in
mathematical ways is not possible due to the complexity of the aquifer system. Therefore,
the developed IMT provides an easy method for estimating the sustainable yield of the
WAB under different climatic or hydro-political conditions. In this paper the sustainable
yield of WAB was defined in four different ways:

Perennial Safe (Sustainable) Yield

Perennial safe yield is the amount of water that can be safely abstracted from the
WAB without long term adverse conditions occurring. This means that the maximum
abstraction from the WAB in any year must not exceed the recharge in the same year. This
sustainable yield will maintain the water in the WAB at a constant level.

The recharge time series is one of the IMT outputs, so running IMT for rainfall
scenario which is obtained from a rainfall model for the West Bank will lead to perennial
sustainable yield, Table 1.

In order to validate the results of the perennial safe yield definition, the IMT is run
with abstraction equal to estimated recharge in all years under the assumed rainfall
condition; the result is shown in Figure 4 which shows no change in water levels during the
management period.

Maximum Perennial Sustainable Yield

Maximum perennial sustainable yield is defined as the maximum vyield available
annually subject to all available recharge resources being utilized at optimum level by
allowing specific drop in storage on the calculation that will be recovered during a 7-10
year cycle of recharge. It is the same as perennial sustainable yield but here the abstraction
in any year may be larger than the recharge in that year under a condition that the difference
between abstraction and recharge will be substituted within the hydrological cycle.
Mathematically, Maximum Perennial Sustainable Yield can be expressed by the moving
average (7 years) of the recharge time series which is estimated by IMT, Table 2.
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Table 1: Rainfall and the estimated perennial sustainable yield

Rainfall Recharge=Pere_nnial Rainfall Depth Recharge=Pere_nnial
Year Depth Sustainable Yield Year Sustainable Yield
(mim) (Mcm) {mm) (Mem)
97 257 201213 738 598
502 201314 481 293
653 201415 43E 275
516 3 201518 227 §35
503 222 201817 s24 353
227 585 201718 553 428
520 350 201815 221 203
556 385 201920 237 150
§52 478 2020421 457 327
404 255 2021422 337 213
452 2022422 450 ey
405 202322 755 506
2010011 405 202828 454 324
201112 387
Average Rainfall (1998-2025)= 562 mmiyr
Average Recharge (1998-2025)= 405 Mcmiyr
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Figure 4: Validation of abstraction the perennial sustainable yield from WAB

Stressed Sustainable Yield

Stressed sustainable yield is the amount of water that can be extracted from the
WAB larger than the perennial safe yield over a long planning period (25 years) on the
condition that the over-pumped water can be recovered over a future period in which the
basin can be managed wisely. This will give the evidence if high storage in the basin exists.
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Table 2: Rainfall and maximum perennial sustainable yield of WAB
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Rainfall Denth Maximum Perennial Rainfall IMaximum Perennial
Year {mm) : Sustainable Yield Year Depth (mm) Sustainable Yield
(Mem) e (Mem)

97 419 2010411 581 3938

502 423 533 4

653 420 758 433

518 425 4581 428

503 418 435 428

827 437 827 405

520 405 c24 341

556 221 553 345

652 43 321 337

204 392 237 285

2008/08 636 395 2020021 457 321

200810 576 428 2021422 337 308
Average Rainfall (1993-2022)= 560 mimiyr
Average Recharge (1998-2022)= 393 Memiyr

Estimating the stressed sustainable yield is carried out iteratively using IMT. The

first run of IMT is for current abstractions from the four management zones (the average
abstraction over the period 1986-1998, Table 3). This run is conducted to ensure that the
water levels over the management period (1998-2025) are in the accepted levels (30% of
the saturation thickness). After that, an increase in the abstractions is made in steps
(multiply the abstractions by the same percentage) until the water level indicator of any of
the management zones reaches the unaccepted water level (worst water level), Figure 5.

Table 3: Current abstractions for the management zones

lManagement Zone

Average Abstraction (1986-1998) (Mcm/yr)

Maorthermn Zone 19 9
Middle Zone 0.7
Southern Zong 04
Isragli Zone il
Tatal 335

At the end, the following results were obtained:
o0 It has been shown that 760 Mcm/yr can be extracted from the basin until 2025 when
the basin starts to reflect adverse conditions. This implies the great storage of WAB.

0 The continuation of pumping at current levels until 2025 will lead to the worst limit for
the southern zone (Current Abstraction = 0.4 Mcm/yr) while the central and northern
zones will marginally be affected.

o Taking 760 Mcm from the WAB will reach the level of aquifer mining for the southern

and northern zones of the WAB.

0 After year 2025, the allowed abstraction should be less than or equal to annual
recharge.
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Figure 5: Comparison between water level indicator for current and Stressed abstractions

Estimating the maximum abstractions from Palestinian Management Zones in WAB

The aim here is to estimate the maximum possible abstraction in Palestinian

management zones under different rainfall and Israeli abstraction scenarios. This estimation
is based on:

Rainfall scenario for the period (1998-2025), Table 1.

Six Israeli abstraction scenarios (250, 317, 400, 500, 600 and 700 Mcm/yr)

30% of the saturation thickness as the maximum allowable drawdown in the
aquifer.

Using the current abstractions for the four management zones, Table 3, as a base
for calculations.

Calculations based on the definition of stressed sustainable yield.

For each proposed Israeli abstraction scenario, the abstraction in two Palestinian zones were
fixed to the current abstraction values, while the abstraction in the third zone was increased
gradually until the water level indicator reached the unaccepted water level. This value is
considered as the maximum sustainable stressed yield that can be taken from that zone
under the defined conditions. This will be repeated for the other two Palestinian
management zones. The results for these calculations are shown in Table 4.
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Table 4: Maximum Palestinian abstractions for different Israeli abstraction scenarios

Abstarction (Mcm)

Scenario | Israeli Northern | Middle |[Southern | Palestinian WAB
Zone Zone Zone Zone |[Zones (Total)| (Total)

465 0.7 0.4 466.1 716.1

Sc01 250 19.9 490 0.4 510.3 760.3
19.9 0.7 1.9 22.5 272.5

385 0.7 0.4 386.1 703.1

Sc02 317 19.9 420 0.4 440.3 757.3
19.9 0.7 1.8 22.4 339.4

315 0.7 0.4 316.1 716.1

Sc03 400 19.9 315 0.4 335.3 735.3
19.9 0.7 1.5 22.1 422.1

230 0.7 0.4 231.1 731.1

Sc04 500 19.9 235 0.4 255.3 755.3
19.9 0.7 1.4 21.8 521.8

140 0.7 0.4 141.1 741.1

Sc05 600 19.9 138 0.4 158.3 758.3
19.9 0.7 1.2 22 622

54 0.7 0.4 55.1 755.1

Sc06 700 19.9 38 0.4 58.3 758.3
19.9 0.7 1 21.6 721.6

The results show that the value in a dashed box is the amount of abstraction that can
be generated from a specific Palestinian Management Zone under the particular Israeli
abstraction scenario without causing the WAB to reach adverse conditions.

Results and Conclusions

e The Southern Management Zone is very limited in its recharge and productivity. The
maximum abstraction from this zone should not be increased above 1.9 Mcm/yr
regardless of abstraction scenarios in other zones, Table 5.

Table 5: Maximum abstractions from Southern Zone for different Israeli abstraction scenarios
Abstarction (Mcm)

Scenario | Israeli |Northern | Middle |Southern PECHIIE WAB

Zone Zone Zone Zone Zones (Total)
(Total)

Sc0l 250 19.9 0.7 1.9 22.5 272.5
Sc02 317 19.9 0.7 1.8 22.4 339.4
Sc03 400 19.9 0.7 1.5 22.1 422.1

Sc04 500 19.9 0.7 1.4 22 522
Sc05 600 19.9 0.7 1.2 21.8 621.8
Sc06 700 19.9 0.7 1 21.6 721.6

e Water availability in the Middle Zone is much greater than the Northern Zone. This
does not mean that the ability to extract water is easier; development costs should be
prepared and a tradeoff between cost of development and drilling and quantity of
extracted water should be made for the two zones, Table 6.
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Table 6: Maximum abstractions comparison between Middle and Northern Zones for different Israeli abstraction

scenarios
Abstarction (Mcm)

Scenario | Israeli |Northern | Middle |Southern Palze;::;an WAB
Zone Zone Zone Zone (Total) (Total)
465 0.7 0.4 466.1 716.1
Scol 250 19.9 490 0.4 510.3 760.3
385 0.7 0.4 386.1 703.1

17
Sc02 3 19.9 420 0.4 4403 757.3
BiS 0.7 0.4 316.1 716.1

Sc03 400
© 19.9 315 0.4 335.3 735.3
230 0.7 0.4 231.1 731.1
Sc04 500 19.9 235 0.4 255.3 755.3
Sc05 600 140 0.7 0.4 141.1 741.1
19.9 138 0.4 158.3 758.3
54 0.7 0.4 55.1 755.1

Sc06 700
c 19.9 38 0.4 58.3 758.3

e The negative impacts of abstracting water from the Israeli Zone or Palestinian Middle
Zone are larger on the water levels dropping than the Northern Zone.

e |t is shown that the Palestinians can abstract 420 Mcm/yr from the Middle Zone
without causing significant harm to the Israeli wells, Figure 6.
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Figure 6: Impact of abstracting 420Mcm/yr from Middle zone of the Israeli zone

e Technically, the Palestinians can abstract an equal amount of water as the Israelis,
Table 7.
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Table 7: Maximum Palestinian abstraction for different Israeli abstraction scenarios

Abstarction (Mcm)
scenario | Isragli Palestinian WAB
Zone zones (Total)
(Total)
Sco01 60 670 730
Sc02 250 510.3 760.3
Sc03 317 440.3 757.3
Sc04 400 335.3 735.3
Sc05 500 255.3 755.3
Sc06 600 158.3 758.3
Sc07 700 58.3 758.3
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