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Abstract:

Groundwater resources are the main fresh water supply for Palestinians especially from karst
aquifers. Human utilization of water resources for several uses has increased that make a
water stress on the resources.

This study focuses on Marsaba-Feshcha Basin as one of the most important basins in the
West Bank that connected to the Dead Sea have been studied and water budget, vulnerability
and risk maps were constructed due of its location in eastern aquifer and karstic formation.
Lithological data of well bores was drawn using the “Win Log” and "Win Fence" software
in order to have a more detailed insight of the strata around the area of Daraja Catchment
that locates in the lower part of the basin in the east.

Water budgets provide a means for evaluating availability and sustainability of a water
supply. A water budget simply states that the rate of change in water stored in an area, such
as a watershed, is balanced by the rate at which water flows into and out of the area. The
water budget has been calculated by using Guttman model 2000 through period of 2010-
2013. This model depends on the precipitation, evapotranspiration, surface runoff, water
import, spring discharge, well abstraction and groundwater recharge of the basin to have the
remaining lateral outflow. Depending on these estimates, Out of calculations the
groundwater recharge was about 124.9mm/yr corresponding to the value of 80 MCM/a with
a remaining lateral outflow of 89.2 MCM/a.

Population growth is a major contributor to water scarcity. Growth in populations means
increasing demand and competition for water for domestic and agricultural uses. By using
geometry method for projection, the growth rate of the study area ranges between 2.63% and
2.66%. 1t shows that population in year of 2040 will be doubled as it in 2015 which means
increases around 51%.

The water quantity that supplied to household is an important indicator that measures the



adequacy of domestic water supply. The average rate of water supply slightly increased
through projected years.

By using Geometric method in statistics calculation, the population has been projected
through the period from 2007 to 2040 in addition to water supply, demand, consumption
and wastewater production. The population starts to be increased in 2015 until it will be
doubled in 2040. The water demand for domestic and agricultural uses in 2040 will increase
68% of 2007 uses, water supply in 2040 will increase with 77% of 2007 supply, the water
consumptions in 2040 increased with 31.47% while wastewater production volume in 2040
increased with 31.45%. With the increasing of population, this mean an increasing gap
between availability and expected demand which will reach 0.425 MCM/yr with population
of 200921 in 2040.

Protection of groundwater starts with the evaluation of the sensitivity of its environment. For
M-F basin a groundwater vulnerability map have been demonstrated which shows the areas
with potential for groundwater contamination on the basis of hydro-geological conditions.
The research uses a GIS-based approach called the PI method, which takes into consideration
the nature of karst aquifers. Inherent geological, hydrological, hydrogeological,
climatological and vegetation data, in terms of thematic layers, were collected and used in
the creation of the groundwater vulnerability map of the Study area. The results obtained
from this study indicate that majority of the study area is under moderate to low groundwater
vulnerability for contamination.

Also, the risk map has been constructed in this research by using ArcGIS and
myObservatory software based PI map. The risk appears in both methods shows low risk

in the majority of the study area.
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Chapter 1

1. Introduction

Water is considered to be one of the graces that God has bestowed upon mankind on Earth
and one of life’s essentials as it known to be a main ingredient in most of agricultural,
industrial, and domestic activities (AlYaqoubi, 2007). Moreover, the availability of water
indicates the independency of a country over another as it allows its citizens to have their
needs fulfilled. However, there are many water crisis found in the world and specifically in
the Middle-East region. One of the examples is the scarcity of water resources in Palestine
which makes it suffer from several conflicting effects and challenges (AlYaqoubi, 2007).
This issue is resulted mainly due to unstable political situation in West Bank and Gaza which
deprives both regions from normal economic development, average living standard and
guaranteed environmental sustainability (Isaac,2009).

In fact, West Bank has fresh groundwater resources that are approximately 669 MCM/yr and
runoff water of about 215 MCM/yr; this makes it a water-rich region (PWA, 2010).
However, Israel has been retaining control of water resources since its occupation of the
West Bank in 1967 which has limited Palestinians’ share to 11%, while 89% is used by
Israelis who also use 87% of the annual safe yield from the West Bank’s Aquifer systems to
meet 25% of their water need (Isaac,2009). According to the world health organization
(WHO), the average consumption of water is 100 L/capita.day for healthy life which
indicates that Palestinians are below this standard as they consume around 60 L/c/d and 65
L/c/d (PWA, 2010), whereas Israelis consume about 280 L/c/d (NAD-PLO,2011) and 350
L/e/d (PHG, 2008/09).

In 2009, Israel abstracted 94 MCM of which 50 MCM are used to irrigate around 90,000

dunum of land and 44 MCM are used in industrial and domestic activitics (Isaac, 2009).
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Another amount of water, 54 MCM, was purchased out of which a significant amount is
discharged from wells belong to Mekorot company in the West Bank. Thus, Palestinians
consume 148 MCM and lose a rate of 35% which makes the real net amount of consumption

about 98 MCM (PHG, 2008/09),

1.2 Study Area

The target area of the study is Marsaba-Feshcha that is located in the West Bank to the west
of the Dead Sea and the Lower Jordan Valley and differentiated from most regions as it has
accessible to a limited amount of ground water. However, the area is in the risk of having
this source of water as the only available one due to the inaccessibility of national water
resources which makes it in constant lack of freshwater (Shogqeir., J., 2014). Most of
Marsaba-Feshcha population is found in the following major cities: Ramallah, Jerusalem and
Bethlehem that are all located in the western part of the Eastern Basin. On the other hand,

fewer people are living in the Lower Jordan Valley (LJRV) (Bensabat., J. et. al., 201 0).

“The replenishment and the outcrops of the water bearing layers of Lower Cenomanian-
Turonian are located in the western part of the basin. There, the average rainfall is
approximately 600-700 mm/year. To the east (the LJRV and the Dead Sea), the aquifer
becomes confined and rainfall reduces sharply with precipitations of 50 to 150 mm/year and

potential evaporation of up to 2,600 mm/year” (Bensabat., J. et. al., 2010).

Marsaba anticline is known to be what distinguishes the area as it constitutes the eastern
boundary of a large freshwater body that shapes the flow of the groundwater and the outlet.
Additionally, the area of Marsaba-Feshcha has two regional aquifers of fresh water, the

upper and the lower. The salinity of the lower Aquifer is high and total salinity of Feshcha
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springs is between 1500-6000 mg/l CL" and the total discharge 60-65 MCM/yr. (Shogeir.,

1.,2014)

The study area is located in the Eastern Aquifer Basin (EAB). EAB is considered as a water
resource in Palestine that covers an area of 3100 km? in the eastern side of the West Bank
and extends from the north to the south of the West Bank borders (Abusaada, 2011). The
average rainfall of EAB is about 281(mm) and its recharge volume is about 153 MCM
(PWA, 2011). The annual yield of this basin varies from 145 to 185 MCM. However,
according to official estimations, the Israclis exploit the aquifer at a rate of 50 MCM/Y from
wells in addition to 100 MCM/y from Dead Sea Springs that are controlled by Israel; while
the Palestinians utilized about 42 MCM/y from groundwater wells and springs in

2011(PWA, 2011).

The EAB is consisted of a mostly-unconfined upper sub-aquifer that goes back to the upper
Cenomanian to Turonian ages, and of a mostly-confined lower sub-aquifer that belongs to
the lower Cenomanian age. Both of these layers are separated by a less permeable layer
known as Yatta formation (CH2MHILL, 2001). Both of these upper and lower sub-aquifers
are considered to be the main fresh water sources in the eastern side of the West Bank

(Abusaada, 2011).

The gravity leads to an inflow towards the Dead Sea and the Jordan River which makes the
recharge mixes with saline water and emerges thereafter through the Dead Sea springs

(Abusaada, 2011).

The water level is 450 m above sea level on the western side and decreases to the level of

the Dead Sea and Jordan River on the eastern side (CH2MHILL, 2001).



The outflow of the Basin is divided into three types: groundwater wells, springs and seepage.
However, groundwater is considered to be the primary source of water for the Palestinians
in the West Bank from which good water can be abstracted on a sustainably rate (SUSMAQ,
2001). In addition, ground water has been used mainly in domestic activities that have been
increasing due to the natural increase of populations in West Bank and Israeli’s settlements

there (SUSMAQ, 2001).

Wadi Al-Nar is considered an open area for pollution sources because of its karstic
formation. The pollution resources in this area are cesspit tanks, dumping sites and gas

station.

Due to the inaccessibility of groundwater to some regions in the West Bank, citizens of such
areas tend to use simple tools to generate water as cisterns, used to collect water from houses’
roofs, and other agricultural ponds (Isaac and Sabbah, 1998).

Through this study the reasons of the water scarcity in the West Bank is vary from water
pollution, Israeli control, mistreatment of wastewater and misdistribution among population.
Also, the population of the study area depends on rainwater stored in cisterns and additional

amounts of water from springs.

1.3Problem Statement
MF Basin is considered as one of the most future resource to be developed for the
Palestinians in the EAB therefore risk maps and vulnerability maps should help in

identifying the point and none point pollution sources.

1.4Justifications

This study focus on pollution risk that may be caused by wastewater from cesspits in the

rural areas and Israeli settlements, solid waste dumping sites, gas station, olive mills,
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quarries, urban storm water, industrial activities, and agricultural activities.
The construction of aquifer vulnerability mapping in this study in order to develop risk maps
is an efficient tool forecasting, planning and management option to be used by Palestinian

Water Authority to identify action priority.

1.50bjectives

The overall objectives of this study are:

¢ To delineate boundary conditions of the study area based on surface and groundwater
hydrology.

¢ To evaluate the potential, loss, demand and availability of water resources in the
study area to estimate water budget for Marsaba — Feshcha Basin.

* To determine and rank the pollution source in the study area, and to construct
vulnerability and risk map for the study area using PT — GIS based model and risk

map by using myObservatory.

1.6 Limitations

The available hydrogeological data is insufficient as the historical data is neither detailed

nor precise which makes the assessment difficult.



Assessment of Vulnerability and Risk Mapping at Marsaba — Feshcha Catchment

Mayy Mowaffaq Mohammad Rahhal

Dr. Jawad Shogeir

: gadla)
Bl o) a4 KN 44,80 SLBAN (8 Lals o lill el oLl sl 295 A all oLl s
otlad @l e beall, e Lae 30500 38T culaladind saa sbaadl oliadd luay)
Lodll dlall 4 A8 ey P (e sl liely Aan- Ul L Gl Gagadl e 5858 Luhall oa
bl Sshdlly uliall gae ol ) BN o Lssly o1 2oLl 4 bt @ g ) ally Al
Sl GasSilly S8 Sl ) & Lo
A8k e Janll Jal e “Win Log® el Pl ey & LY Cigadl aall el l
G Gl e il gal) &8 Uy Daraja 4l dikhia Jpa cliphall S ais
Al sball ) Jane of 4l ol G obaall lalse) daliindy il Pl Abiy A8l Clileddl i
A Ay dakil s Jala ) a4 oL Gy oAl Jamally 3lgie el b fend Adlaie (Fie dalaiy) o
oo zisaill 13 aday .2013-2010 O Bl PA 2000 olsge zigw il Al jlsall Lla
bl L35 ISy Y1 G el il iy, tobiall bty coaladl Gl 2l ¢ ) cluas
Lha3 N Ll i Ul ol il oda e sl el el Ea Claal gl Al

A sl ol @l Ll L LM,,,/-?‘,.? 80 Jalas ally Lygin fan 124.9 (s a8 Ll o)

159



aniga300 89.2 a4

ol e (bl llall 335 ay QS pai o) Cum oliall 85 Bt palisall ga SIS pall iy
O sl Ayl Aihie 3 el Jaee 8 WELY) A Auaigh) Adpylall alasiilys el 3y il cldasid
iy Pl 220 50l ey Lee Cielaion 2040 ple 4 Gl sae o e Jy My . 72.66 5 72.63
2015 ple 4 oSl sxe e %51

O Gun Adiiall (mhe O sluall Sslae) LUS (520 (uy 53yl d5e A Y s 345 Al elaad) das )
Sl giall lgiad) A Ol £ i) alual) 265 Jane ougia

) A=Yl 2040-2007 a5 A S i o 5 dflanl) Slbuall 8 Gl gkl sl
A B3l Sl el @y | anall Cipall slie (e datitall CslaaSlly SNy callally 535l oluall ek
ple B Lol Al clalaai S sball o bl S $us 12040 ple e laamia Al 2015 ple
e () Al 777 Ay dajie 2040 o olall alaals (2007 ale ) dualls 768 s 5343 2040
&t el Cpeall olia ) pns o cpa (731047 A alajan 2040 L ol $DUgls 2007
sball o Zad gl Gllally (mpall (o Bafie Bead agas Say 1385 (S e 5ol ae 731,45 dusy 2040
e o 200921 J deaps (M) G S22l ae Bis [ caSa e (yale 0,425 ) Sesl Cigu i
2040

AUl Sl sall £ sal) olaall dpulion Aajla o s L Ao ity 103 L sall oLl las )
Asnslanguedl Jalsall el e 38l aliad) &gl ALl ) ) shlial) < pelaf

obaall dapla Slie¥l cpes A5 s (Pl ik 4dlaad) Cleslaal) ol maliy o L2 el Gl aainy

160



bl o Uailly Rl Sy Tl g sedls Samals yuglly A5lS Lnglgnl Slasleall Gl LA \S) L gal)
Al o) Al dalaie 8 gl Al slal) Rplan et il s slail A Lgaladinly lgnan 5
oball Gyl o (e At ) Aiee 8 Al Gt e O ) a8 Lahall 038 (e Lsle Jpeanl
Sl £ )
&l ArCGIS paliys aladinly ¢and) 13a (o bl ddhaie 8 3agmgall Sl ik la oLl a5 a8 Liad
A miane i el L) plasiul el ) pldll o)y P dbjla e oLy myObservatory

161



Chapter 6

Conclusion and Recommendations

6.1 Conclusions

This study focused on using PI method GIS based for assessment the vulnerability in M-F
Basin using ArcGIS and the risk map using ArcGIS and myObservatory software. Office and
field investigation method were used to collect data that is needed for this study.

Several Geological Cross Sections have been studied and are very significant in developing an
overview of the hydro-stratigraphy related to Daraja Catchment which is the lower part in
Marsaba-Feshcha basin. These cross-sections are essential to evaluate the characteristics of the
groundwater movement and aquifer recharge.

By using Geometric method in statistics calculation, the population has been projected through
the period from 2007 to 2040 in addition to water supply, demand, consumption and
Wwastewater production. The population starts to be increased in 2015 until it will be doubled
in 2040. The water demand for domestic and agricultural uses in 2040 will increase 68% of
2007 uses, water supply in 2040 will increase with 77% of 2007 supply, the water
consumptions in 2040 increased with 31.47% while wastewater production volume in 2040
increased with 31.45%. With the increasing of population, this mean an increasing gap between
availability and expected demand which will reach 0.425 MCM/yr with population of 200921

in 2040.

Water budget estimation for Marsaba — Feshcha sub basin have been calculated for the period

2010-2013 by using Guttman et al., model (1995 and 2000). Long-term climatic and
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hydrological data have been used for this study. The spring's discharge for Feshcha springs
group is 53 MCM/a (AQU Lab), while the well's abstraction that are located in the study area
is 12 MCM/a (PWA,2012).

The precipitation map shows rainfall gradient, with values higher than 450 mm/yr in the
western mountain area and to values approximately of 50 mm/yr near the Jordan Valley. While
the groundwater recharge map shows that the recharge has the same gradient of precipitation.
The groundwater recharge has values higher than 135 mm/yr in the western mountain and less
than 30 mm/yr in the Jordan Valley. The average annual runoff has been estimated of 31.5
mm/yr which corresponds to about 7 % of the average annual rainfall. Evapotranspiration have
been estimated as 40 % of the precipitation of 180 mm/yr.

Depending on these estimates, Out of calculations the groundwater recharge was about
124 9mm/yr corresponding to the value of 80 MCM/a with a remaining lateral outflow of 89.2
MCM/a.

The vulnerability map by using PI method shows the intrinsic vulnerability and the natural
protection of the uppermost aquifer. Most of the study area ranges with moderate to very low
groundwater vulnerability.

The conducted analysis in this research was identified as well as classified the Hazards and its
source, the high vulnerable areas to contamination and the high risks areas regarding to
groundwater contamination. According to the analysis, the sensitive risks resulted from the
wastewater generated from the urban and agricultural areas.

The risk assessment scheme used for risk map of M-F basin is based on the intrinsic vulnerability
map constructed using the PI method and the hazard map and focuses on risk assessment for the

groundwater resource. The first part used ArcGIS and Risk Map of the study area that can be
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classified as low or very low, the second part used myObservatory and it shows Risk Map of

the study area that can be classified as low or very low risk.

119



6.2 Recommendations

The following recommendations can be drawn out of this research:

* Vulnerability assessment is recommended to be applied on other basins and areas with

high potential for specific contamination.

¢ Decision makers in planning process have to take the issue of groundwater protection
into consideration when deciding about locations and conditions for the establishment
of facilities and activities which are possibly hazardous to groundwater

* Reducing the risk resulting from the wastewater generated from the urban and industrial
sectors.

¢ Control the quantities of fertilizers and pesticides used in the agricultural sector.

* Minimizing the number of pollution point sources especially the solid waste disposal
points by establishing a main isolated dumping site in the study area.
* Finally, it is recommended to conduct a regular monitoring program for all domestic

wells (e. g. on a monthly basis) in the study area to make sure that no contaminants

reach the aquifer.
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