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Abstract

The study concentrated on the estimation of runoff and infiltration by the Soil
Comservation Service method (SCS) for Wadi Ta'amira in Bethlehem - Palestine. The
smudy was performed between (2005-2006).The catchement is of 46.39 Km? which lies
wathin 117,000 -130,000 N and 168,000-179,000 E referenced from the Palestinian Grid.
The catchement lies on the Eastern Basin of the Mountain Aquifer where its drainage
system is towards the Dead Sea. The significance of the study area is due to its historic and
Sydrologic importance. The study aimed to present water balance of the study area through
calculating the runoff and infiltration by the SCS method which will be useful for future
water resources management. This study will provide useful new information for
Swdrological parameters which are significant for the Eastern Basin with its local wells that
support water for the southern part of the West Bank mainly Jerusalem, Bethlehem and
Hebron districts.

The geology of the area belongs to the age from Albian to Senonian. The geological age
ranges from the formation of Abu Deis, Jerusalem, Bethlehem, Hebron, Yatta, Upper Beit
¥zhil and Lower Beit Kahil. The lithology is mainly limestone, dolomite and dolomitic
“mestone. The soil of the study area includes Brown Rendzinas and Pale Rendzinas and
Srown Lithosols and Loessial Arid Brown soils. It is mainly of limestone, chalk, dolomite
and conglomerate with slow infiltration. It is of ( C ) soil type group, for the choice of the
N which is low in organic content and high in clay.

The GIS software package TNT-mips and Surfer 7 were used to draw maps. A Digital
Elevation Model (DEM) was compiled to delineate the border of the catchment. An areal
phoo of resolution 1:50,000 pixels for Bethlehem governorate was used to draw a landuse
m2p showing the main activities in the study area. The landuse map activities were used to
sdentify the Curve Number (CN). An isohyetal map was drawn for the study area in which
e areal rainfall was calculated to be 419.83 within the period of 1970-2000.

Daily rainfall data was collected from Cremisan monastery in addition to monthly and
~ ye=arly records for the last century. The average rainfall over the study area was 574.7
mm v for the period 1900-2006. The daily missing data was correlated with Al Arroub
m=t=orological station which showed good correlation. Monthly and yearly rainfall data
was collected from local rainguages within and near the study area in order to draw the
ssohyetal map of the study area and to calculate the areal rainfall.

T8e Soil Conservation Service method (SCS) is an appropriate method for estimating
Swdrological parameters of the water balance. It is mainly used for small unguaged
ed which depends on local information on soil type, vegetation cover types,
categories and antecedent moisture condition. Calculation of the CN depends on
Zaily rainfall records over the watershed for nearly three decades and a half from 1970-
. From the accumulative five days records, calculation was done for CN1, CNII and
with its initial abstraction and potential retention for the dormancy and vegetation
Calculation of surface runoff and infiltration by the CN method showed to be 70.36
syt and 101.22 mm/yr respectively which is considered to be of 16.76% for runoff and
24 11% for infiltration.

& Goldschmidt formulas runoff was 39.77 mm/yr with 9.47% of the annual average
smeall while infiltration was 51.43 mm/yr of 12.25% of the annual average rainfall.
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According to the accuracy and reliability of (SCS) method, the results by empirical
formulas are neglected. The actual evapotranspiration is 203.9 mm/yr and the area is
classified as semi humid area.

The results of estimating runoff and infiltration in the study area showed high percentages
which are valuable for future planning. High runoff percentage enhances the directors of
water resources management for harvesting such water in the form of dams which will be
later used for irrigating purposes. High infiltration percentage also encourages the local
government to prevent groundwater contamination from waste water or other contaminants
by planning future infra structure for sewage treatment plant in the area.
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Introduction

West Bank faces a semi-arid climate with an increasing demand on the limited water
—<ources. There are problems of poor aquifer management, including over exploitation of
groundwater reservoirs in addition to the continuity of the Israeli occupation of the
< Bank control over the water resources. Water issues were significant in the bilateral
—im Accords (1995) as well as will be in any future final Status negotiations between
< and Palestinians. From Oslo two, additional extraction of 70-80 Mill.m*/yr would
s=ve the Palestinians needs. Bethlehem city and its neighborhood which is proposed for
study lives even special scarcity of water as it is a touristy city where its major
womomy depends on tourism due to its historical and religious importance where Jesus
< bome. Personnel communication with the Minister of Tourism declared that
-hlchem usually host one million pilgrimages annually. At the beginning of the third
i Bethlehem was supposed to host one million and seven hundred and fifty
ands pilgrimages thus increasing the demand on water supply (Minister of tourism,
ber 2006, Personal communication). According to this large hosting number of
ses the area should have sufficient supply of water which will directly increase

' £ waste water. Bethlehem is located above the Eastern Basin of the Mountain
Aguifer to the western edge of the Jerusalem desert.

1.2 Justification
Thes study is important for many factors:

« Water is an important natural resource which affects the economy and the
development of Palestine. The limited water resources for Palestinians include
ground water supply from the local wells which are partly under the control of the
Israclis and from rainwater collection in cisterns. The principal resource of high
quality domestic water for the Palestinians in the West Bank is the Eastern Basin of
the Mountain aquifer. WHO's recommendation for human consumption of water is
150 L/cap/day whereas the Palestinians receive 58 L/cap/day which is insufficient
for increasing population of 3.0% in the West Bank (Abed Rabbo and Scarpa,

2006), (Passia, 2006).

« Estimation of runoff and infiltration from the water balance over the study area.
The decrease consumptive rate of water for Palestinians encouraged the researcher
to search on water balance amalysis in the area which will be helpful for



sustainability future planning. Among the major parameters of the water balance
are infiltration and surface runoff over the area. According to the available data for
the researcher the choice for calculating the water balance over the area is done by
the Curve Number Method —SCS.

e Curve Number method is an appropriate procedure since it is very difficult for
gauging the surface runoff due to lack of sufficient equipment and gauging
problems.

e Due to the lack of climatological instruments for measuring evapotranspiration and
infiltration by empirical methods, the SCS method is used as an alternative accurate
way for estimate runoff and infiltration. The SCS method is one of the successful
estimation for runoff for the study area since it depends on actual parameters of the
study area rather than empirical formulas.

e Bethlehem, as part of the West Bank, depends on the annual rainfall to recharge the
eastern part of the Mountain Aquifer. Water management depends on empirical
data of rainfall, runoff, evaporation and aridity that will help to identify the actual
recharge for each region of the Mountain Aquifer. In addition, adequate water
management in the area will sustain good water quality for future generations in
which most of the local water networks are old and leaks which will lead to
sufficient water loss.

e There are already five present wells which were dug in the 1970s in Bethlehem
region and other new fourteenth production wells in the Eastern basin in the late
1990s under the control of the Palestinian Water Authority (PWA). Wadi Ta’amira
basin is in Bethlehem where it is close to the five Herodion wells thus having a
geographic importance.

o Bethlehem has religious importance where it usually hosts a large number of
pilgrimages annually which increase the demand on sufficient water supply. On the
other hand, tourism will be encouraged in the region if the area is supplied with
sufficient water quantity. Water balance analysis is an indication for future local
planning.

. The Study Problem

ater is critical and scarce issue in Bethlehem as other parts of the West Bank since the
ter resources are limited. Lack of surface runoff and infiltration estimates for the study
a encouraged the researcher for computing water balance. The possibility of estimating
ter balance from inputs parameters of the study area by means of estimating surface
10ff and infiltration by the SCS method.

is study aims to answer the following question; “How much and what percent out of the
nfall in Wadi Ta'amira goes for runoff and infiltration annually”.

. Objectives

e main objective of the study is to provide the local communities with scientific data on
10ff and infiltration over the study area. There are already available rainfall data without



swailability of runoff records, especially for medium and small catchments. The result will
e helpful for the directors of water resources including the directors of Palestinian Water
. Authority (PWA), Water Supply and Sewage Authorities (WSSA) and Local Governorate
" oF Bethlehem which will be useful for future water planning. The result of the study will
gve the local authority a view on the annual loss of water through runoff which will
encourage them to look for alternative solutions. Implementation of qualitative and
guantitative water sustainability is through future planning for water balance management
at the level of housing, farms and city. The previous declaration in addition to the data on
runoff and infiltration will be helpful for future water management. The study will provide
data on infiltration, runoff, rainfall, landuse activities which will be significant for future
hydrological studies for Bethlehem precisely and Palestine in general.

1.5 Goals
This study many goals, the major of which are:

e Estimation of the percentage of rainfall that goes for runoff annually.

e Estimation of annual infiltration rate.

e Establishing a rainfall database for the area through collecting the available data
from the different neighboring stations and estimating any missing records.

e Calculation the areal rainfall.

e Collect available meteorological data from rainfall, temperature and humidity for
analyzing the water balance.

e Preparation of basic maps for the area such as landuse and wadis.

1.6. General review in thesis chapters

The thesis will discuss estimating of runoff and infiltration in the study area by the Curve
Number method through six chapters. The first chapter is an introduction for the study
showing previous implemented studies that were done in the area. This chapter covers the
goals that will be implemented at the end of the study. The second chapter is a theoretical
background shows the importance of water balance with its parameters. This chapter will
cover the knowledge of the Soil Conservation Service method which will be used to
estimate the surface runoff and infiltration, The third chapter is a methodology chapter
showing the main methods used for achieving the goals. A fourth chapter discusses a
review on the study area in terms of geology, hydrology, climatological data, soil type and
vegetative cover in the study area. A fifth chapter is on results and discussion on the inputs
and outputs of the water balance analysis. Finally, a sixth chapter is on conclusions and
recommendations for future studies and general demands for decision makers.

1.7. Previous studies

There are several previous studies implemented on the Mountain Aquifer concentrated on
several hydrological parameters. Most of these studies were introduced by PWA, local
NGO's, academic institutes and others. The studies included publications in terms of
scientific papers, reports, scientific survey and several unpublished academic studies. The
main objective of these studies is to support hydrological data of the basins over the
Mountain Aquifer. The hydrological data indicate the future water sustainability in the
West Bank.

(8]



Chapter six

Conclusions and recommendations

6.1. Conclusion

The conclusion of the study will determine the extent to which the aim of the study has
been achieved. From the input parameters of the water balance over the study area, showed
that the area receives sufficient precipitation to recharge the local aquifer. The study area,
as part of the West Bank, depends on precipitation for replenishing the aquifer. Bethlehem
contributes to arid and semi-arid climate with an increase in aridity towards the Eastern
Slopes in the Jerusalem desert. However, the range of rainfall decreases from west to east
due to drop in elevation. For instance, the average annual rainfall for Bethlehem during
1900 to 2006 from Cremisan Monastery of coordinates 166400E to 126000N and 820 m
elevation is 574.7 mm/yr. During the previous century, the area faced several draft years;
for example, in 1999 the least annual rainfall was only 219.8mm whereas a rainy year was
in 1991-1992 with annual rainfall of 1118.6mm which was nearly double the average.
From the comparison analysis of rainfall over the last ten decades showed that the area was
faced with dry and wet years. This variation will affect on the water table of the aquifer
which will need future efficient management.

Overexploitation of the aquifer by means of over pumping will lead the region towards a
water stress. Although the control of water resources is within the Israeli's side,
Palestinians should have enough water for drinking and for other domestic uses. The
hydrology of Bethlehem area is affected from the presence of fissures, fractures, joints and
karstification in addition to the rock porosity and permeability. In Bethlehem, karstification
is well seen by caves in the area; for instance, Khureitoun cave near the village of Tequ'a in
the Jerusalem desert, it is located nearly two kilometers south-east of Herodion Fortress.
The estimated infiltration over the study area with the geological background is useful to
predict future recharge for the aquifer and its future fate. Further studies on infiltration rate
near the study area and along the West Bank will be a very useful estimation for future
recharge for the aquifer basin. High infiltration percentage is an indication for good
replenishment to the aquifer, thus the area should be environmentally protected to prevent
contamination's entry. Thus the local government should take into consideration to prepare
infra structure for sewage networks to prevent leakage of contaminants into the aquifer. In
addition, they should also plan for sewage treatment plant to compensate water for
irrigation uses.

The Curve Number Method is a versatile, an accurate and widely used procedure for runoff

and infiltration estimation. This method includes several important properties in a surface
drainage basin, soil's permeability, landuse and antecedent soil water conditions. It is an
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adequate procedure to be implemented in other parts of the West Bank in order to give
sufficient data for water balance analysis.

High percentage data on infiltration and runoff for the area will provide useful information
for determining the quantity of water available for agriculture uses and future economical
plans. The local government should take advantage of these results to harvest surface
runoff in the form of dams or concrete dams which will be useful for irrigation purposes.
The results of the study enhance the directors of local government for better future water
management by rehabilitating the old water network pipes in order to prevent water loss.
High infiltration rate will increase the recharge of the local aquifer which is considered the
main and adequate water quality. It is also accompanied by high vegetative cover thus the
local government should encourage the agriculture sector in order to decrease the terraced
lands. The local municipalities should also limit the uncontrolled urbanization which will
increase water loss through runoff.

6.2. Recommendations

I recommend several useful future studies and implementations in the future for the local
communities and future studies.

6.2.1. Local government and communities

e The local municipalities of the area build up collecting sewers for surface runoff in order
to be reused for irrigation purposes.

e The meteorological ministry and local NGO's build meteorological station in the area for
correlating other meteorological parameters such as temperature, humidity, solarity and
wind speed with precipitation analysis.

e Build up artificial collecting pools for surface runoff in the form of harvesting wells,
dams or artificial wetlands which will maintain the diversity of the area for future

generations.

e Awareness of the local inhabitants on the sacristy of water in the area since the local
aquifer is of great hydrological importance.

e Collecting surface runoff towards an area of high infiltration rate in order to have
artificial recharge which will replenish the aquifer.

e Limiting urbanization on the task of agricultural land in order to limit surface runoff and
decrease the imperviousness of land cover.

e Encourage farmers to harvest surface runoff near their lands in the form of artificial
pools to be used later for irrigation.

e Prevent soil erosion by planting trees and bushes.

e Build up sewage treatment plant in the area to prevent groundwater contamination
because of high infiltration rate.
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e Protect the local basin from overexploitation through preventing over pumping in the
local wells by achieving good water management.

e Upgrade the meteorological stations in the country in order to have adequate data for
future analysis especially for hourly records of rainfall which are useful for engineering
purposes and hydrological analysis.

e Prepare GIS database on Hydrogeological and Hydrochemical digital database.

o Perform future studies by the local government on runoff, infiltration rate of different
soil type for major significant wadis along the West Bank.

e Tt is recommended to build up a small dam in this watershed for collecting water runoff
which will be useful for irrigation and solve the water stress.

6.2.2. Future studies

e Field estimation on soil moisture for the study area precisely and for other parts of the
West Bank.

o A study on actual evapotranspiration and potential evaporation.
o Computation by the Curve Number method on other parts of the West Bank which has
great importance on the aquifers in order to have good sustainable water quality for

future generations.

e Actual records of runoff by gauging the surface runoff at Wadi Ta’amira and other
important wadis along the West Bank.

o Prepare Digital elevation model for other parts of Bethlehem governorate and other
regions in the West Bank.

o A study on the rate of infiltration through a study on the soil type of Bethlehem and other
parts of the West Bank.

e Set up water gauges in the watershed will help in comparing the results between the
measured values and the data obtained from SCS curve number method, and apply the
same method on other watersheds.
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